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HYDROGEN FLUORIDIL. In volume of production, hydrogen fluoride (hydn-
fluoric acid, ITF) is the most important manufactured compound of fluorine.  Botl
e anhydrous and aqueous acids are used divectly, and as intermediates in formn:g
other fluorine-containing products.

Anhydrous hydrogen fluoride is a colorless lignid or gas (bp 19.5°C%, highty
waler soluble aud fuming strongly in contact with the atmosphere. The formuli
weight is 20.006, but hydrogen bonding between molecules produces extensive poly-
merization, and the liquid and gas show large departures front ideal beliavior.

Hydrogen fluoride mwust bave been made when Schwankhard of Nirnberg in
1670 ctehed gluss with fluorspar.  Margeraf in 1761 showed that the ctehant was
gas; Scheele in 1771 showed that a new acid had been discovered; and Awpére in
1810 and Davy in 1815 and 1814 proved thut the compound we now know as hydroget
fluoride contained o new element (1),

The classical, quite limited uses for hydrogen fluoride, such as glass etehing and
polishing, foundry <cale removal, and minor production of metal fluorides, predominated
until the 1930+ Through 19551940 the enormous inerease in aluminum produetion
brought ai equivalent requirement for hyvdrogen Auoride, employed captively for
making the ahuainuns fluoride and synthetie ervolite used in the clectrochemiend re-
duction of aluminum oxide.
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Anhyvdrous hydrogen fluoride was first madde by Irémy in 1856 (2), but there was
no signilicint commereinl preparation until 1931, when the fir=t bulk shipment was
il ' made by Sterling Produets Company (merged in 1939 with Pennsalt. Chemieals
The impetus Tor this was (he e of the anhydrous acid in making

1961,

(orporation),

— -

. chlorolluorohydrorarbons, introdueed as refrigerating Muids (Kinetic Chemieals Corp.,
, a joint venture of Du Pont and Trigidaire Corp., 1930). Under the stimulus of war-
ot : time nead, new major uses for anhydrous hydrogen fluoride developed, including
' Table 1. The Physical Properties of Anhydrous Hydrogen Fluoride
N R . S U
References
formula weight (ealeulated) 20.0006
vion f nlecular weight
Cnde, { saturated vapor, at boiling point 78.24 6
Foree, ! saturated vapor, at 100°C 49.08 6
hoiling point, at. I atm 19.51°C 6
nielting point —83.37°C 7
RDAN density
' liquid, at 25°C 0.9576 ¢/em? 8
vapor, saturaied, at 25°C 3.553 g/liter 6
1960, vapor pressure, at 25°C 17.8 psia 6
heat of vaporizalion
~alt boiling point, at 1 atm SIOO‘J cal/20 .01 g 6"
11783 Y
heat of fusion, melting point 46.93 cal/g 7
heat eapacity, constant pressure :
) liquid, boiling point 12.2 eal/(20.01 g) (°C) 7
_ ’ vapor, at 25°C, 1 atm 143 eal/(20.01 g) (°C) 10
foat, ; heat of formation
¢ ideal gas, at 23°C° —64.9 keal/20.01 ¢ 12
B i free energy of formation
Tation ! ideal s, at 25°C¢ —0635.0 keal/20.01 g 13
entropy, ideal gas, at 25°C¢ 41.5 eal/(20.01 g)(°C) 13
e eritical temperature 188°C 8
Hyrns eritiral pressure 041 psia 8
Joth eritical density 0.29 g/em? 8
Wl viseosity, at 0°C 0.26 ¢ 14
surface tension, at boiling point 8.6 dyn/em 15
FER refractive index, 5303 &, at 23°C 1.1574 16
: malar refraetivity (5803 A, formula wi) 213 emd 16
P!i“‘ll:‘ conddretivity, at 0°C <1.6 X 1078 mho/em . 17
N dielectrie constunt, at 0°C S3.6 18
dipole moment, 11" molecnle 1.83 D 19
“ From vapor pressure vs temperatare.
¥ T'rom calorimetry.
‘ . ¢ The enthalpy change for the reaction HT' (ideal gas) — HF (real gas), at 25°C, 1 atm, is un-
e eerlain, and may exceed several kiloealories per mole (20).
el alkvlation eatalvsis to manufacture aviation gasoline (Phillips Petrolenm Company,
nitted 1912); use of chlorofluorahydrocarhons for pressurized packaging (US. Dept. of
RIYRRTY Agriculture, 1912); and the manufacture of uranium fluorides (Manhattan District
civodar ‘ Engineers, 19042). The growth of all of these industries and the addition of require-
e ores ments for stainless-xteel pickling and flnorine-containing plasties brought the volume
of hydrogen fluoride production to the current high and still vising levels.
- S ¢
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Manufacture .
The preferred raw materials for the manufueiure of hydrogen Huoride in the (
United States are acid-grade fluorspur (see Culeium fluoride, p. 573) und sulfuric acid: ..
CaF: + LSO, — CasOy + 2 HE e
The ability of the reaction to procecd to the nuximum degree in commereja]
operation is influenced by the purity and limeness of the fluorspar, the concentration
of the sulfuric aei( used, the ratio of sulfuric 1cid to fluorspar, the temperature of the
reaction, the time allowed for completion of the reaction, and the intimacy of mixing
of the acid and spar,
Since fluorine values dominate raw material costs, these factors are optimized to
give maximum yield of hydrogen fluoride. '."
Acid-grade fluorspar is o tincly ground fAutation product having the following
typical specifications:

Screen analysis: 1% on 100 mesh, 1267 on 200 mesh, 309 on 230 mesh, 457% through

325 mesh

Cal, minimun: 07.5-U8¢7, -
Si0, maximuia 1.077, .
S maximum 0.05¢
H.0 maximum 0.1, W
CaCo, prineipal remainder

Silica is a highly objectionable contaminant. since each pound consumes 2.6 [b of
fluorspar and 3.3 b of sulfuric acid by the reaction:

8i0; + 2 Cal, + 2 HaS0q — SiFy + 2 CaS0, + 211.0

When hydrogcn fluoride containine Sil'y is absorbed in water a further loss of fluorine a
y = > 3 .-
values oceurs by the reaction :

SiFy + 2 IIF {aq) — IL.3iF, (aq)

Carbonates arc harmful in consuming sulfuric neid, in producing foaming in the
generator, and in contributing carbon dioxide 1o the gas streaun where it acts us o
noncondensible diluent {o the hydrogen fluoride, Sulfur-bearing minerals in fluorspar
(eg, galena, pyrites), may generate hydrogen sulfide or sulfur dioxide, contaminating
the hydrogen fluoride, and sometimes causing deposits of sulfur in the gas-handling
equipment.

In general, with other conditions constant, the finer the fluorspar the readier is
the liberation of fluorine valyes from the spar und, thus, the better are the vields.
Fluorspar of the screen size indicated above hos been commercially utilized divectly
in the Lydrogen fluoride kilus with good yields. However, it has been the praetice of
some manufacturers to grind this material turther. Such additional erinding is an
expensive operation involving sorae sl handling Jos< of fluorspar. and o decision
to employ this procedure must he bused upon an economice evaluation of the improved
yields as conipared wiily other means of seewring the ~anae re<ult«,

Sulfuric acid with « CONCentiution

a3 dow wx U377 or as high as Y9 has heen
reported to have been used in hydrozen fhuorid,. manulactiee, “The more dilute the

acid (in this range), the more fluid is the rescting mss during initixbmizing, and the
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areater is the ease with whicli the liheration of {he flworine from (he fluorspar takes
i"“‘"" Two important faefops offsct this: (1) The more dilute sulfurie qeid is much
more corrdsive (o (he hydrogon fluoride generator, and (2) the greafer amount of
water present will Jouyve the generngop with the hydrogen fluoride gas and may be
nndesirable. Thus, modern practice his extablished 969, sulfurie aejd as the minimum
destrable acid strength. /The use of sulfuric aeid stronger than 98% will reduce the
amount of water introduce( into the generafor and may be Jess corrosive to the
materials of construetion ; however, the Vapor pressure of sulfurje acid, which inereasoes
rapidly with concentration ahove 98S7, will be such that excessive amounts of sulfuric
acid will loave the generitor with 1he hydrogen fluoride gas, thereby not only reducing
the quantity available for reaction witl spar but also contaminating all or part,
depending on 110 recovery system, of tle Lydrogen fluoride broduced. 1Ip addition,
the formation of fluorosulfuric acid, F, SO;H, which also has an appreciable vapor pres-
sure, will be increased and thus tend to deplete the reacting mass of sulfuric acid and
contaminate the product,

The ratio of sulfuric acid to fluorspar charged to the hydrogen fluoride generator
is seldom the exaet stoichiometric atlo, since, depending upon the relative cost of
fluorspar and sulfurie acid, one op the other is yseq in slight excess, InUS. practice,
economic operatiog demands the maximum release of fluorine from fluorspar and justi-
fies fhe use of 4 1077 excess of sulfurie :mid/ It should be recognized, however, that
too great an excess of sulfurie acid wijl result in a “yep? residue caleium sulfate, which
will tend {0 he strongly fuming unless the sulfurie acid is driven out of the generator
with the hydrogen fluoride by high generator temperatures,

The reaction of caleium fluoride and sulfurie acid js endothermic, and thus heat
must be supplied to complete the reaction iy, @ reasonable period of time. /£ To effect
a release of ovop 9877 of the fluorine in the ﬁuorsp:u-, the reaction time is normally
30-60 min at Q()()»;.’j_Qi("/ with the hydrogen fluoride leaving the Eenerator at 100-
150°C Ob\'ious."\', the lowesy operating temperatures it which good yields are ob-
tainable are desirable 1 minimize corrosion of the gencerator,

In modern bractice, hydroger fluoride senerators may be horizontal, externally
fired rotary Kilng, with spar fed continuously at the forward end by a screw conveyor,
Aeid is alvo addod at the forward end of the kiln, and caleium sulfate residue is removed
throug's an 4ir lock at the opposite end,

Stutionmg\' reactors are gl used, comprising of g long horizonta] vessel of -
shaped cro«s section containing u eentpy] shaft extending the ful] length, the shaft
heing equipped with mixing an conveving paddles, As In the rotary Liln, spar and
acid move concurrently down (e length of {he reactor,

Sometimes g combination jx used, in which o stationary premixer receives spar
and heated sulfurie acid and feeds {],0 well-mixed but, inuon’lpletely reacted components
into a heafed rotary kily.

Since lvdragen floride is readily absorhed by water, carly manufacturers made
an aqueons solution of the gases from (e senerator and prepared strong acids by
fraet ionation, or by distillation with sulfurie jejd when s rengths above the atmospherie
pressire azeotrope (38¢/ ) were needed, .

Current, requirements ape principally for the anhydrous acid, so that manu-
Facturers for merchant sale hyve suceeedid jn_'('rmimlling conditions in the generator
o supply effluent zas low enough iy, water ang honcondensibles to permit direet,
condensation wig), reboiling o give anhivelrous hydrogen fluoride directly.  Vent

.
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Eases must il he serubbed witl, Waler to reeover some adeditiong) hiydrogen fluoride
andd 1o prevent oy pollution.
Details of gus handling VIV aong US inanufaet upep plant=, [y one bublished

process ), the hydrogen fluoride. sgasesare freed fron, solids and sulfiurie aeid mjet
¥—rVelone ] countereurreny, serubbing in the lower scetion of {oprecondenser,

Serubbing flujd s reciveuluted aftep addition of sone 2077 olewn to combine wiy,

water. The hydrogen fluoride Vapors now low iy witer and sulfure acid, ure eop-
densed as 99%¢ hydrogen fluoride I an amount representing 98¢, of the production,,
This is rediztilled to a purity aboyve 99.9°¢ hydrogen fluoride.  The tncondensed guses
are washed with fresh sulfuric acid 1o recover addition| hydrogen fluoride, T
gaseous effluent is now Largely silicon tetrafluoride, which s absorbed in water and
then recovered g 30-3557 fluosilicic acid. This process. is shown schematically iy,

N, ——igiresy,

Caleium sulfate residuc from the kil is commonly di:\'(-nrdc(l, in view of
availability of low-cost natural sources. Some, however, i« neutrulized with lime ang
sold for the manufacture of anhydrite cements,

Overall yield of hydrogen fluoride I3 typically 85-905¢ . based o caleium flnoride,
and 75-839 | buscd on sulfurie weid,

Recovery from Phosphate Rock. Recognizing 1he tnormous supply of fluorine
values existing in phosphuate rock feserves, and the large amount of fluorine values
which are processad daily through fertilizer phosphate plauts, muny studies to produce
hydrogen fluoride from thjs source have bheen made (38). Two teonomic hurdles
exist: The fluorine values e rolensed s siliean tetrafluoride, not cotivenicutly con-
vertible to hydrogen fluoride; and 1he collection of these fluorine values from many
Separated phosphate roek plants 1o provide feed for u hydrogen fluoride plant of
economic capacity is CXpensive, :

A proposed process (39; <tars by reacting silicon tetrufluoride with recycled
ammonium fluoride solution 10 fopm, wimonium fluosilicate,

SiF = 2 NILF - (NI Sik,

When this colution i« neutialized win), anmonia, <ifjey precipitates and more an-
monium fluoride iy formed,

(NTl ) SiFg + 0 HA - 4N, S0y 4 6 NILF

The ammonium, fluoride <olution, (except thar reeveled) is evaporated 1o a salt con-
centration of 04-95%, when SOMe conversion to “anmmonium bifluoride, NH L.,
takes place by vaporization of annnonia,  The evaporation continues untjl a salt
concentration of 987 s reached, when the tixture solidifies at about 100°C. The
solid mixture of ammonium {loride 1y bifluoride, containing 606, of fluorine. ix
decomposed with 93-95¢, sulfurie acid o I80-190°C. Ammonium hiulfate is the
principal component of the residue; this can be converted to unmmoniun, sulfate by
neatralizing with ammoniz,

The ccononiies of his process depend on g Jow-rox “upply of silicon tetraflueside,
premium muarket forp precipitated siljey (proposed, for example, ux reinforeing pie-
ment for rubber), and o ey vaaket for amoniun, sulfate. The process is handi-
capped by a lureo [iltraaion and evaporation load.

Materials of Construction, Creneralizations regarding materials of construetion
where hydrogen fluoride and s agueons ~olutions wre to e handled have proved i
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pnerous instanees {o be guite misleading, and laborafory corrosion {ests must be
Jowned pon only ax the most eencral guides. In spite of {hese facts, readily availuble
eaterials have been found to meet each speeifie problem cncountered,  The presence
S impurities sueh as culfur compounds and fluosilicie acid, and the degree of acration,
velacity, and temperature are important considerations. In the manufacture of hydro-
con fhuoride, cteel generators have long been ueed satisfactorily, and lines and other
couipment handling {he gases [rom the generator may he of <teel aslong as acid condens-
o« from these gases contains not less {han 70¢;, hydrogen fluoride. Weaker acids must
Le handled in nonferrous materials such as carbon, lead, bronze, or Monel,  Lead is
sensitive to the ])1‘0.<01\cé of fluosilicic acid and cannot be used when more than 2-3%
o7 that acid is present.  Monel is adversely affected by acration and the presence of
<ulfur compounds. Natural rubber and neoprene are useful for strengths below 60%
hydrofluorie acid, and particularly below 407, Copper has been widely used for the
{stillation of hydrofluorie acid colutions to produce anhydrous hydrogen fluoride.
<reel valves with Monel trim are cenerally satisfactory for anhydrous hydrogen
foride, and bronze valves with AMonel trim are suitable for agueous hydrofluorie
coid. A wide variety of material have had limited use for gaskets, but polytetra-
fuoroethylene (PTYF1Y) has proved 1o be most catisfactory, and pump and valve
packings of PTIE have given excellent performance.

A /
Handling and Precautions /

* Years of experience in the manufacture and use of hydrogen fluoride have shown
that this material can be handled safely, provided that its special hazards are
recognized and the neecessary preeautions are taken. /

Anhydrous hydrogen fluoride has a sizable vapor pressure at room tempcrutﬂre
and should be regarded as a liquefied gas under pressure. Anhydrous hydrogen
fluoride, the higher concentrations of aqueous acid, and raporized hydrogen fiuoride
«re extremely corrosive to skin, eyes, mucous membrane, and lungs. In certain eon--
centration ranges of hydrogen fluoride, burns of the skin may not be immediztely
«vident, and may be manifested later by deep-seated uleeration.

First-aid treatments after contact of hydrogen fluoride with the skin start with
immediate and thorough washing with water. The affected part should be immersed
for at least one-half hour in cold 70% aleohol or cold saturated magnesium sulfate;
or the cold solutions may be applied by saturated compresses changed at leass every
1wo minutes. If a physician is not immediately available, a paste of powdered mag-
nesium oxide and glyeerin, freshly prepared, may then be applied.  Medical treatment
may inchude infiltration of calcium gluconate solution beneath the skin (40).  Follow-
ing aceidental inhalation of hydrogen fluoride vapors, the exposed person should be
removed at onee from the contwminated atmosphere, 1009, oxygen should be ad-
ministered, and the exposed per=on should avoid physieal activity. After contact
with eyes, first-nid treatment should be limited to thorough irrigntion with clean water.
In all cases of significant hydrogen fluoride exposure, a physician should be called
(10).

In work with hydrogen fluoride, the proper use of protective clothing, goggles,
face shiclds, and respiratory deviees is important and a full knowledge of first-aid
trentments s essential,  Reference should be made 1o more detailed instructions,
sueh as those published by the Manufacturing Chemists” Association (40).
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Specifications, Packaging ; Analysis

Bulk shipments of hydrogen fluoride are now limited Largely o anhydrous acid
and aqueous 0% solution.  "The lower concentiation limit, is set by compatibility
with steel; concentrations below about 609 become corrosive Lo this material.

Aqueous 7077, hydrogen fluoride hag been supplied in 20-, 55, and H00-gil stee)
drums. It now moves mostly in polycthylence-lined 30- and 5i-gal steel drums; und
in 6000-gal steel tank cars. -

Anhydrous hy«rogen fluoride is distributed in 100- and 200-1h stee] evlinders, [CC
type 4B-240; and in 6000- and 11,000-gal tank cars, types 105300\ and 105A500W,
Freight classification is Hydrofluoric Aeid, Anhydrous—White Label.

Laboratory packages of hydrogen fluoride are supplied at concentrations of 18,
60, and 7097, usually in polyethylene botles or carboys. An especially pure electronic
grade is supplied at 4997,

Anhydrous hydrogen fluoride is one of the purest chemicals in regular commercial
distribution. A typical analysis (in %) is shown below.

HF 99.95
H-SiF, 0.015
S0, 0.003
:HzSO.i 0 . 00:)
1,0 0.02

The analysis of hydrogen fluoride and its aqueous solutions consists in the deter-
mination of hydrogen fluoride, water, and of the commionly associated impurities:
silicon tetrafluoride or fluosilicic acid, sulfurie acid and fluorosulfuric aeid, sulfur
dioxide, and metals (chiefly iron). For manufacturing control, analyses arve required
of fluorspar for moisture, caleium carbonate, silica, and caleium fluoride, and of reactor
residues for caleium fluoride, hydrogen fluoride, and sulfuric neid content,

Laboratory cquipment for handling hydrogen fluoride during sampling and
analysis is usually made of stecl for high concentrations or of polyethylene for aqueous
solutions, Samples of anhydrous hydrogen fluoride are most conveniently collected in
small stecl evacuated evlinders. Tt should be remembered that a eylinder should not
be filled to more than about 83%s ol it water eapacity.

The dilution of hydrogen fluoride for analysis requires care beenuse of the heat
evolved, the volatility of tle hydrogen fluoride and hazards to {he operator. A
typical procedure involves {he dilution of the sample with ice at the bottom of 4
cylindrical plastic pipe in the upper section of which, supported on a grid, i addi-
tional jce to absorb such vapors as are formed during dilution in the lower section.

Analyses frequently perforned on hydrogen fluoride are as follows:

1. Total acidity-—by titration of il diluted sample with standapd alkall to «a
phenolphthalein end point.

2. Nonvolatile acidity (reported as H:S80,)—by cvaporation of the diluted
sample on a steam hath and titration of the residue with standard alkali to a phe-
nolphthalein end point.

3. 8O;—by iodimetrie titration of the diluted sample,

4. Tron—by evaporation of the dilufed sanple with exeess sulfurie acid; fuming
with sulfurie acid; reduction to ferrous ron; and colorimet rie determination of iron
with orthophenanthroline.,
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5. Siliea (reported ax TS — by evaporation of the diluted sample on the steam
Path in the presence of o small amount of NaCl; complexing fluoride with borie acid;
formation of silicomolyhdie acid; reduetion to a blue heteropoly acid; and colorimetric
estimation.

6. Wiier — by conductance measurement on the anhydrous acid.

Production and Price

Published production figures for hydrogen fluoride must be examined for the
hasis of presentation because of the large and changing proportion of captive use to
merehant sales. A good index for hydrogen fluoride production is the consumption of
acid-grade fluorspar, which is the souree of nearly all hydrogen fluoride in the United
States, and of which typieally 987¢ is used for 1his purpose (41,42).

For a number of years in the 1930z, a large return flow of aqucous hydrogen
fuoride info (he merchant market was observed from the purchases of anhydrous
Lydrogen fluoride made by the TS, Atomic Energy Commission.  Typieally, when 1 Ib
of anhydrous hydrogen fluoride entered the process for converting uranium oxide to
aranium fetraflioride, 0.5 1 of hydrogen fluoride passed through and was recovered
as aqueous 70C¢ =olution. Thix was repurchased and sold as aqueous acid.

A conservative rfio of 2.2 1h of acid-grade fluorspar to 1 1b of hydrogen fluoride
(stoichiometrie for 1007, ealeium fluoride is a ratio of 1.99) gives the estimates of
total U.S. production of hydrogen fluoride (10065 basis) shown in Table 9, which is
based on U.S. Bureau of Mines data for fluorspar consumed by hydrogen fluoride
producers (41,42).

Table 9. Estimated U.8. Production of Hydrogen Flyoride,® averaged, short tons/yr

1027-1H29 7,800 1952-1953 91,200
19301434 4,600 1954-1955 107,600
1935-1939 9,300 1956-1957 140,500
1940-1941 21,200 1958-1959 132,600
1042-1043 44,400 1960 169,400
1944 1945 54,300 1961 190,300
19416-1017 41,900 1962 166, 500
19481049 44,600 1963 188,400
1950-1951 62,5800 1964 219,600

% 1009, 11T content.

The list price for anhydrous hydrogen fluoride has varied from 16 to 18 ¢/1b
in tank-car guantities. The price in April, 1965 was 18 ¢/Ib for anhydrous hydrogen
fluoride and 13.4 ¢/1b for the aqueous 70% acid (43).

Uses

The traditional use for hydrofluoric acid—the etching and polishing of glass—
has not dwindled, but it has indeed been submerged by the requirements of other
industries.

Again, beeanse of the high proportion of hydrogen fluoride used captively, re-
liable use patterns are hard to fix precisely. The estimates in Table 10, however, give
a reasonable perspeetive, and show trends,
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Table 10, bEstited Uldizantion of Hydrogen Plaoride, .,

L9957 1954 LOGL 1963

Huorinated organies A H50 ) 10
aluninie "y ' A4 33 33
atutnic energy 12 1 L 10
petrelenm -+ o) 3 >
statniess ateel a 3 4 o
all ether it Lo N 7

Totul tog oo oo 100

Since 1963, the denand tor hydvogen fluovide 1t the taanufacture of Huorinated
orgadites for pressutisityy gases tactosol propellands), fomning agents, cleaning flaids,
and plasties has contiuted {0 tise rapidiy. The need for byvdroger fluonde in the
manttacture of alwaw tlaotide snd syeshetic covolite tose sharply with the cotn-
pletion of new elecuiolvtie pot lines or the nondacoure of adumivun Papering-oft
of weapous stoch viting wrd the tiae iy w constructiug fertheomng atone power
gonerating statlons bave reatdied 1 o cotstderable drop o hydrogen Huotide needs
for the matnufactute of atomue ctergy feed maceriais, la the petrolean wdustiy
hydrogen tlueride hus continued tn use a8 an alkviatow catalveg, o produce high-
octane bletding stock for autonotive gasoline,  Luervased tse of scaiuless steels has
wattitaitied regquiteltents for hvdeogen fleocde in pickling acids at a constant small
proporuot of the rising production of hyddrogen thuoride.  Other wses tor hydrogen
fluodide snclude sand ceroval fron wetal custiugs; preparation of tuorndes acd flu-
oborates; etcheng and polishing of gluss: duotostlicote products, nanutaetere of fuo-
rive, aid products devey ed therefrone special dyes and phaonacenneats, preparaion of
microelectrome cieeudts, faundey sours wnd stain tetnovers; otd-well acidising: anld
ierad analvais
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