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RESUME -

Le spath’ ﬂuor minéral non metalhque utilisé surtout

.- comme fondant, est devenu une matidre premidre.  Dans I'industrie

:’actlve et progressive de la chimie, il sert maintenant 4 1'élabora-

tion de produits chimiques et de matériaux dotés de caractéristi-

- ques part1cu11éres gui ont une grande Valeur dans le domaine |

industriel... Ces matériaux trouvent des applications tellement -
étendues, ,diversea et essentielles qu'on entrevoit une augmen-
tation considérable de demandes. Les ressources connues de
spath fluor ;pourront difficilement Aalimenter,un tel 'marché.

Les tendances actuelles de 1a productlon, de 1a -

‘consommation et du commerce ‘indiquent la possibilité de pénuries,

partlcuhcrement dans les pays hautement industrialisés otl la
consommation présente est forte et croigsante.. Il importe. donc
d'inventorier les ressources connues de spath fluor et d'en.
encourager la mise en Valeur On.devrait s'efforcer ar en decou~
vrir de nouveaux gites et de mettre au point des procedes de
récupération de la fluorine a part1r d' autres minerais suscept1-—
bles d'en contenir. . :

‘ La presente Clrculau'e d' 1nformat10n fourmt des
données sur les propriétés et les ut1llsat1ons du spath fluor,
sur les tendances de la production et de la consommation dans
le monde, ainsi que sur les gttes et les venues au Canada
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INTRODUCTION

Fluorspar, a chemically stable non~metallic mineral, has
been known in the form of crude jewellery since early times but is to-
day more familiar as a useful flux in the pyrometallurgical industries.
Its physical characteristics are distinctive but not unusu;'a,l. The
chemical properties, however, are unique and these fundamental
characteristics, which determine the number, rate and nature of the
chemical compounds which fluorine will form Wi.th other elements, are
the basis of an important and growing fluorine chemical industry.

The mineral as found in natural occurrences is physically
weak and often disin'tegrates to inconspicuous particles. Cherhically,
however, the mineral is very stable and is changed into othér
compounds clmly with difficulty. This wide variation in characteristics
is inherited by the compounds formed from fluorspar. Some, like the
mineral, a,ré remarkably stable and inert to ail physical or chemical
action. Examples are the unusually stable :fluorocarbon-plastics such
as Teflon and the inert refrigerant and propellant gases such as the
IFFreons. Other compounds of fluorine have violent chemical activity
and react with almost all other elements. Examples of these a.re
fluorine gas and hydrofluoric acid. These compounds are highly toxic
and corrosive and are therefore very difficult to manu‘fa;ctﬁre, trans~-
port and use with safety. At the same time their chemical activity
makes them extremely valuable and important .fo.r sorﬁe manufacturing

processes, Their toxicity and corrosiveness made commercial




development slow, and mény years pasAsed before safe methods of
manufacturing and using these compounds were developed'. Satisfactory
procedures are-#ow in use and rapid cievelopmené of.the fluorine
chemical industry can 56 expected.

, Fll-lorvspé.l‘, .Which is the source of compounds with -
such a wide rangé of'chargcteristics and such a diversify of
applications, has significaﬁce_‘greater than its present economic value,
vg.fou_ld i.ndicajteT .Fluorine chemi.c;lsA and cémpounds in s'e’ve’ral
instances are ét the leading edge of research 1n high~energy miésile
fuels;_ nQn-COfro‘six}e plastics, ahdv chemical ‘rhetal_lurgy. In add_i_tio‘n
to inc‘l_‘.easing.' d»e’mandsr for fluorspar as the sl‘:eé‘l and aluﬁinum
industrieé‘expand, even larger demands are being forec’aét by indlistrgr
to satisfy fluorine éhemical needs.‘- In many instances Afluorine
chenﬁ.céls, an’d products made ‘fron.q them, are finding us.es for which
no otiler materials ar.e’adecvluate and for whic'hvno satisfactory sub-
stit.ute‘s are known. Gr(')wing.demavnd‘s»f'or these compounds indicate
that ‘iarg’;ver amounts of fluorspar will be needea for their pro’ductio.n.

It is of interesAt to point out similarities between sulphﬁr
and fluo_rspa_r. Both are ﬂaturally occurring minerals that can be
used for soﬁe purpose in their ﬁatural forms but which are much more
valuable as a source of strong acids and unique chemical com.pouhds’.
In the past .fi.ft’y‘ ?ears sulphur, in the form of sﬁlphuric acid, hés be_—-

‘ c'omeusuch an es)sential nﬁaterial .fof industrial growth and produétio‘ﬁ

that the industrial stature of a nation can be measured by its




consumption. It is suggested that a similar development is taking
place in fluorine chemistry. While the volume of .fluofspar‘_ required
may never equal present sulphur production, the unique characteristics
of fluorine appear to assure it of a position in industry fully eqﬁal in
importance to that occupied by sulphuric acid today.

Consumption of fluorspar for fnetallurgiéal purposes is
incr-easing steadily as the production of steel and aluminum rises. At
the same time, demands for fluorine chemicals are increasing and
larger amounts of acid~grade fluorspar are required to produce them.
Because the fluorine chemical industry is relatively new, its importance
is not generally recognized and its future size is still difficult to pre~
diet, However, the variety and versatility of its products, and the
~ fact that many have unique Characfefilstics for which no adequate
substitutes are known, assure fluorspar an important place among
industrial minerals. This is particularly true since new products and
applications are continually being announced.

At the present time, fluorspar is produced in fully
adequate amounts in many countries and supplies are readily available
for all consumers, although some of the major consumers must import
substantial amounts. In recent years, increased production in Mexico,
Spain and Italy has competed for markets in Europe and the United
States and prites have been depressed until many producerslin the
United States and Canada find profitable operation difficult. The two

largest consumers, the United States and the Union of Soviet Socialist




Republ';cs, \hai(e impérted more than ha'lf*theilf annual r,equirerr»i‘ent-s
in recent yvclaarls. 'Japan, valso,*_ depends very 1argely,on--impo"rts.
, Unitéd Statesr companies are active in e)q:;lo"ringj for and developing "
fluorspar deposits in Mexico. |
a It.is expéétéd that(fluor'spall‘ requirements, .for'fluqrine_ :
chemic‘.alg'in particular, will increase mar_kedl&.“ - From information |
now ava‘il/éble' it é,ppears'likel'ly that‘ these démands wili exert colntihuo'usf
: Pféssure on i)reser'it‘sou'rcés of supply, that as a result If‘luor‘spa'r,prices.
will rise, -‘an"dvthat considerable A’e.ff‘ovr_t‘- w111 be madé-to ,fin‘c'l“and devélop -
hew rese’fv_és? For- t'hes)gaurea’sons a review of the r‘nineral_ .flu'»ors'par,‘:,

-covering itS‘;propevrties, occurrences, uses and sources, is ti‘mely‘. :
. PHYSICAL AND CHEMICAL PROPERTIES

- Fiuor'sparr is'aAn(l)ri‘—-rnetal'lic mineral usua?llyrfozu.nd‘ in .-
: 'céérSély ':c.rvystallliﬁe Avein’s or bo'dies,' b‘ut.éorn’eAti'me,s’ in n"ia/s sive or"‘
.granular forms. ‘ (The ter;'ns "fluorsjpar"'/aﬁd"ffiuorité'.’t é‘rek often -
used syﬁonymbu:s'ly,:~'bu§f.more'aC¢u1*at§ usagé feéiﬁctg "fluorite' to a
mine:élogicalv tei'm re.ferfing'to"lg'rystalsl; ‘whereas "ﬂuozrspar” isa ‘
generalfnam.e; for .f;he mineral and -oirezs. ) .,‘Its‘ ‘composi_tioAnA is caleium -
.flu.(Sride::; ACaF_z, /i'h'the prOportion"Qf;Si.ii perc“e:nt callciurn and 48. 9
prerceht flubfi-rie';'=It-ro‘:'.-vl‘*yks_taillizefsv in the "isome'fri'c“-syAstem andz its; .habit "
is normally gqbicv,“ alth;ugh octohedral, ‘dddgéahedral énd other .forrné .
occur, ':Cleavag‘eiis per.fe‘é_tbn (1 11), fractﬁxfe is-'._filat'—conchdidall,. and. .

some forms break'into splinters while others disintegrate into granular




fragments. The mineral is brittle, with a hardness of 4 (Mohs scale),
and its specific gravity ranges from 3,01 to 3.25. The lustre is
vitreous. The colour is often white, but may range from pale shades
of yellow and red through green to blue and deep purple. The colour
may be concentrated on certain planes in crystals, and all colours
disappear on heating. Many varieties are fluorescent, and some are
phosphorescent when heated.

Fluorspar decrepitates at approximately 1000°C. It fuses
readily at about 1360°C and industry uses this property to aid in the
melting of metallic minerals and to make clean slag separations. When
heated with sulphuric acid, fluorspar forms hydrofluoric acid.according

to the equation: CaFZ + HZSO4 — CaS0y4 + >ZHF.

In weathered exposures, fluorspar is a difficult mineral
to find and identify. Because it is soft and friable, some crystalline
forms tend to disintegrate rapidly when exposed and a fluorspar vein
at the surface is usually marked by a depression or shallow trench in
which the fluorspar is hidden by a cover of rubble and soil. In
association with other minerals such as fine~grained quartz or barite,
it may be difficult to identify and evaluate in the field. Considerable
experience is necessary before reliable evaluations can be made of
fluorspar in weathered exposures. It should be noted that these -
identification difficulties result directly from the physical properties
of the mineral,

Fluorine, the active and valuable ingredient in fluorspar,




is dif.ficult te'nis'olete ‘.fre'rnthe' mineral as a ga's.' It was ‘di'seover'ed'in”i
17714 but, 'be‘ca'use of thé sta,.billity‘ of’ the mineral e.nd'the‘ violent activity
of the 'gai.’s, A édmmerctal produetion meth'ed_s were not developed until
1886, "I‘tié only in recerrt ‘years that e.fficientr:hethod:s of transperting'
aﬁd harrdliné 'this' daﬁge'rdp.‘s materi_al hay*’e been develeped to the point
~where largefseale‘ 'vuse byfin"dﬁstry‘ has been‘-pbssible. _ ‘Thes‘e'problems
illustrate both the c,hemt‘.cal steibility of the nrirreral‘ flubrs-par an:c’l’the: s
violent activity of some ofvtlle;'eoﬁrpeunde*.fornied from 'it,. |
".Fluorine, a gas at normal temperatures and pressuree, :
is the ﬁost act_ive _elemerrt knoﬁzn and combines with alnrost all other -
elements, sometimes very y'rolently. This chemical activity makes
.fluo'rine Qaluable since large numbers of use.,f'ul. conipeu'nds can be '

formed, some with unusual and‘very. interesting properties.
USES
To clearly understand the nature and variety of the uses

-of fluorspar it is heipful to consider them under two hveadi'ngvs,v

"Metallurgical'? and "Chemical.

Metallergicel' I'Is:es'(vi)':,=<

FlubrsPar is'used i_n' pyrometallergica-l/processee as a
flux a’nd as jarrele‘ctrolyte'. -These applications eomprié’e steel and
aluminunr 'snj.elt‘ing,v metalzweldviﬁg, po’rcelain _enamelling and glaZtng,"
and"minor uees of Ia similar nature. It'may be noted that for

metallurgical ,,uses‘fluorspar is. mostly ,-con’-sumed in its natural form, '

* References are listed at the end of the report in the order 1n
‘which they are numbered in the text.




with only mechanical preparation such as grinding and concentration
by elimination of impurities. In other words, although requirements
vary as to grain size and purity, metallurgical consumption is in the

form of ealcium fluoride.

Steel Industry

The metallurgical uses of fluorspar depend on its low
melting point (1270° to 1387°C); on its ability to flux or form cutectics
with silica, or calcium and barium sulphates, or alumina and other
refractory materials, thus making it easier to melt the furnace charge
and form a fluid slag; and on its ability to volatilize or slag off sulphur,
phosphorus and other impurities in the iron.

In the basic open hearth process, fluorspar in lump or
gravel form is added to keep the slag fluid and eliminate impurities,
The addition of fluorspar makes the separation of the valuable and
waste materials in the charge faster and more efficient. mep or
gravel "spar' having only a small amount of fines is necessary for
metallurgical purposes, because fine material would be sutked out by
the .furnace draft or would float on the surface rather than sink into
the melt. Modern practice requires 4 to 5 pounds of fluorspar per ton
of steel, depending on variations in the ore charge and individual
preference.

In addition to its use in open hearth furnaces, fluorspar
is also used in basic electric steel furnaces, in Bessémer furnaces,

in furnaces for smelting refractory non-ferrous ores, and in foundries.




(2)

Aluminum In.duzsvtz,'-'y"'
Algﬁinum is -produced:by tﬁe'elé?,trolytic rédu;’:f:ion of . '
pure avlqmina ina bath of dissélved cryolite, 1‘,\’Ia3‘A1F6, to whicﬁ some
fluorSpar is added to lower t_:he“melting‘ point. Cryolite is a rather
uncomrﬁon fluorine mineral. | The only commer%:ial deposjfz found to
date is .i'n.G‘ree’nlaln'd and the ore has bée’n used almost éntirély in the
aluminurmn indusfr&. _Because"natlllral'cryo'lite‘ suppl;les are limited, . o
the industry has gr‘adually.tu.rned‘ to 'arti.ficvi.a.li-cryollite, manufacturéd :
by the a.cti(;n: of ‘h‘ydr‘ofluoric.acid (made from ‘.fluorsp’a;rv) .on'ahilminu‘nn‘_
hydrox';de_a'il'i.thé, presence of soda. |
.vMorlltezl'.l éluﬁinum is produced-in a '.carbon <lined st;ee]f :
cell in which a bath of molten cryolite is pxje-pa-x"ed and to which are
added‘pure alurnina and some fluorépar'. The vappro;cimate c’ornposit'ioq
of the l;ath is 2A1F3. 6NaF, Can.' ~As éhe'a-lumina goeé intq soiution )
under the influence: of the féle'ctric current a#d the cryolite and fluor~ . =~ ‘
spar, more‘alqminanlis‘ addeci to main'tainl a content <.).f.3 to 6 ‘perc‘ent,'- -
and molt;én aiuminum is tépped off at the base‘bf the cell, An 8 x4 x’ 4
foot cell produces about 120 pounds of aluminum per day, and ten-'pdunds; '
of metallie alﬁmiriuih reéluire one‘ pound of cryolit‘e and some‘ﬂuor‘spar. »
The controlling 'f,aHCto.r 1n the productibn o,f aluminuﬁi is 'the~ availability
" 0.f_16w-—-cpst electric energy, because thé process consumes abqut 10
- kwh per pound of a)lumixiuﬁi produced., - |
Cerarﬁics ' |

: FiuorsPar- is added to glass and enamel melts as a flux, -




to assist complete melting and to increase fluidity of the charge. Its
use gives low porosity and greater strength. For use in ceramics,
fluorspar must be in powdered form and, besides having a 95 percent
content of calcium fluoride, must be free of iron and other elements
that would colour the end products.

(1) (2)

Chemical Uses

Fluorspar .is consumed by the chemical industry to
produce chemicals and compbunds of two types. One group is the
‘intermediate materials, such as hydrofluoric acid, which are used in
large volume in the chemical processing of other products such as
gasoline and uranium. The other group comprises fluorine compound
end' products, such as refrigerants, propellants and plastics. The
significance of the volume and Varivety of the fluorine chemical end
produéts is not generally appreciated. There are two reasons for
this. In some cases, research and development have been for military
purposes and security considerations have delayed the growth of
commercial applications, In other cases, both the processes and the
products are recent developments and are just now beginning to find
large~scale applications and markets.

As a raw material for the chemical industry, fluorspar
has strict specifications both as to physical size and as to chemical
purity. This does not mean that the raw ore is necessarily the highest
grade obtainable, because, strangely enough, the mills producing acid~

grade fluorspar concentrate often operate on ores that would not be
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sﬁit;a’,ble; as sour ceé_of met’allu_rgic»alll—-grade. .-fluorspar.._,
, ,A_c’,id-gra‘de fluor.,SPar,,_ a’l’thb_u'gh 11: must contain more than
,97’peréén1v: Can" is markeée’d_ahd useq as a fine powder (flotation 4
concentr'ate)k, and because vth.ev product is finé-,érained it can.be -
pr_bducéd from lower-grade and c'lis's,e'minéted ores. Sdme fluorspar
Producefs are able t;‘o 'market? bqth grlald-es; by first rém'oving the
. coarse, pure lumps .foz;v metaﬁurgical pul.rpo.,sés and then ',c.oll'ecjt‘ing the
fine‘s,' toggther»with.addifional fluérspar fecozxferéd by the ,fur_thej:
‘processing of low-gfade and disseminated 01V‘és,v tq,méke at.cidA—.-g‘rade‘.
The additional grinding and flotation required to make these r.ecoveries
add to the co?t, but acingrade ‘commands a higher pfice than
'metallurgiCé,i~g?gde. -
' . Consu,mptic'm of chemical A.Vfluor spa:r, :‘smallr before 1,940,_,':_
}ias"grown:rapidly,- particularly in the pastvte,r.l years. This is | » |
' illust;fatéc_l by ‘the Unifed St;a.tv.es cohsulﬁnption’ ._figuresv .show;l 1n T:i'blé .
Bétwee'n 1950 and 1957, fluorspar consumption by .the steel iﬁdu_stry ‘
refnained'vagbout‘ conétént (st'eel pr,oductioﬁ incréa_sed but thé a)umou‘x_ltv :df
fluor spﬁr uséd per ton of steel t’iecr}eased, silig'htly), while‘ Co_nsumétion
by the aluminum industry is reported to have doubled and ‘cvonsu"mp,tibn_:
%Jy’th‘e .fluori:qe chemical industry té have incréased 'by 200 percénf.
Coi;tinugd,éXpan.sion yo.f the fluorine .chemical _in_dugtry is expected,.
because tzlrlfte,.,vrjr_larketv.fovr i-ts"prod.uct.s is gro;)v’ing and new products are ‘
. co_nt;inually,,be}i}ng de\ﬂgloped, »‘Comparative_cc;nsu?nptioh ,figur‘é'g‘; .for:

Canada are shbwn 1n Table 2. - .
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TABLE 1

Consumption of Flubrspar in the United States
(Short Tons)

Grade 1940 1950 1955 1956 1957 1958 -g'/ 1959

Acid _i_/ 37,000 124,400 265,600 308,100 343,400 265,800 331,935
Metallurgical 160,100 250,500 276,400 288,400 268,900 191,700 218,709
Ceramic and

Other 21,400 51,100 29, 200 25,100 33,100 36, 500 39, 335
Totals 218,500 426,100 571,200 621,600 645,400 494, 100 589,979
Notes: -1—/Acid-grade consumption includes fluorspar used

to produce aluminum and fluorine chemicals,
Consumption for aluminum production has
increased but at a lower rate than total acid
consumption.

—é/Lower consumption in 1958 was due to general

business recession, Upward trend appears
in 1959,

TABLE 2

Consumption of Fluorspar in Canada
(Short Tons)

1 \
Grade 1940 1950 1955 1956 1957"‘-/ 1958 1959

Acid 2/ 3,400 29,600 68,628 76,478 53,198 74,939 72,148
Metallurgical 21,200 21,800 18,600 19,000 16,935 14,539 20,988
Ceramic and

Other 447 713 689 669 628 455 3,116

Totals 25,095 52,137 87,927 96,126 70,761 89,933 96,252

Notes: i/Consumption lower in 1957 due to general business
recession,
E/C onsumption of acid fluorspar in Canada is almost
entirely in manufacture of aluminum.
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_]}.*"o'r\chemical uses, fll;ofsi)ar is fi;‘st mé.de into iﬁydro- ,
fluoric acid by 'féa;:ting the fine —»gi"oundi.‘coyncentr‘ate Wi’th'suip»hurivc
.a{cici, in heated kilns. The kilns are 4_*;9 8. feet in dia;meter and 40 to
60 ‘.fejet’ in lepgth,' and may kbe’_ either rotary or stationary. Each yields
.'ai)out 5 'tpnév v<'),f anh‘ydi‘ous hydro.flliqri§ acid p;er d.a.y. The HF gas ‘
,evolvedAis Was’hved‘_.witl;x‘s1‘1v1‘ph}1ricga.cid in sc?ubbihé tbwers, to strip it
of a,;ly water contént, ,anci ig_s, then cc;ndensed in r'efriger.ating coils as
anhydfoyi‘s hydrofluoric acid., The anixydrous acid can be éh‘iliape‘ad in
‘éteel/ tahké but a:qlueous acid containing less than 65} pel;éent HF reqpirés
containers with hon-éor;osivé liﬁings; ’ “ R

Elnemental .fiuqriﬁe is Arnad‘efrom aﬁhyd’rous HF BY,
electroly,si‘s. Itis a gas at normai tempAerature‘s and pressures but is
' corhrprressed‘ to a 1iquin for shipment. Fiuori'ne',"’askgas or liquid, is
' difﬁcuit to handlebéé’ausé it vréacts with almost a;ll ofher méterials’.;
One mé.nufacturer has déveloped a mét.hp:d of shi:pping'it in'/multi_Walll
tanks mounted on tf}lcks. Flu‘érine in the central ta.nk is surrounded by
aﬁ inner comparfmehf: coﬁtaiﬁiﬁg 'liqu'i'd nitrogen.a;ﬁd by an outer vacuum
compa.rtment., -

: »The,.fluo'r:ihé chemicai products no/vly be1ng ﬁrodplced .a:,nd,“t}%é B
:>ma‘fnyv more under developmeh£ are too mime'r_ou‘s’,.to bé 1:'Lsted'in 'deta,-i'.l;‘
alpd*no list could be ﬁorﬁplete since new. ap'plica'tions‘ are being dis-
covered and c'leveﬂlépé'djvéontin{lalvly‘. ' I—Ic;we:ver‘, to show the fre‘r sétility
andwp’c")tential' volﬁme of fluérine pro’du;:ts f;he m;)re ,important end Ilar.oductsA
: a',re’ grouped below, under the fluorine source mate’r‘i"al from which they

are derived.
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Aqueous Hydrofluoric Acid

Aqueous HF is used in pickling steel, in galvanizing, in
glass etching and polishing, and in enamel stripping. It is also used
as the starting point in manufacturing insecticides, wood preservatives,
ceramic additions, and ingredients for dyes. The acid fluorides NaHF,
and KHFZ are derived from aqueous HF and are used as laundry sours,
metal fluxes, stone cleaﬁers, and in the brewing industry,

Anhydrous Hydrofluoric Acid (3)

Anhydrous hydrofluoric acid is the starting point for the
organic fluorides,which at présent appear to have the greatest volume
of products and the most important future., These fluorocarbons and
fluorinated hydrocarbons are made by reacting anhydrous HF with
- carbon tetrachloride (CCl,) and chloroform (CHC13). The fluorocarbons
include the "Freon''-type refrigerants and aerosol propellants, and the
fluorinated hydrocarbons are the basis for the "Teflon", "Kel~F'" and
other polymers. At present, the aerosols and refrigerants probably
have larger-volume markets, but fluorocarbons, resins or polymers
appear to have a very large market potential as textile, clothing and
leather protective coatings, as dielectric materials in electronic
equipment, as greaseless bearings, (4) and as gaskets, tubing and
fittings where resistance to acid corrosion is required. Other products
of this group are fire extinguishants, anesthetics, lubricants, and

materials for special plastics.
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Inolrganic.:tFluoride.s(i). ‘ |
Thé inprgé.ni,c .fluérides inclu'de ‘boron trifiuoride', a
speci}aliz}e‘d 10;a.ta;lyst' in pdl')'rmériz.ation,f and sulphur hex_aﬂu,or:id,e, which
hés'a'. very;hi;gAh di’.elec,tric 'sﬁrength_and--is -usea és a géseous insulator in
hi,'gh-w‘/o‘lt‘age_ ,glegtriéal 'eq_ui,bment,v Sodilll_m'flﬁorifie is uéed‘tlo flluor‘inya.te
d\rvin/king w_atér and‘ gome 16,'000 tons a_.:ff,_‘e_cvonsume'd annually ,_.f‘o_r.thi's o
purpose in the ﬁnited Statés;-,, Most of this amount ihas, beeil1 derivc;d
from’ éources othér than fl;lqrspé;r (flusrine récovgréd in 'tlhe'.proc’essin;‘g
of pl;osi)hate rr'ock;)‘,_ “but methods have been cie,véloped tdu'sg fluorspar
for fluorinatiﬁp at a. Vt_:ostt lower. tflan_for_ Sédiﬁm fluoride,
There az;e ;nany, other ino:rganic;flﬁorides but mos.t;ai'e
used in small amdgntg' in,highly épécialized operations. Théir uslves
are in ihsegticidés, 4sp¢cia‘l‘fluxes:', ,ami wood pré'servatiyes, _ énd in the
- rubber, dygaz;.ng‘;ind_ other :indl;.strj,es.

Fluorine Gas

. Some processes require highly.‘,ac‘tivev agents in gaseous
form. Fl,u'olzé'ir‘;,e .gas was found to be the essential Aing‘r;edive‘nt in the

di,ffusion sgparation of_UZ?’S"an’dA UZ?’S, in uranium proq:es,_sin'g. Itis- .

also being used as an oxidizer for fuels in rocket-powered missiles,.

_Mariyﬂ,"n_ew applications for fluorine _cheinic,al_products are
now under development or being tested, and on these little information .

is available. It has been suggested that the demand for inorganic
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fluorides may increase in proportion to population growth, and that
the use of fluoro-organic compounds may double by 1965, While
these are only estimates, the projected trend, in terms of hydro-

fluoric acid, by application, is indicated in Table 3.

TABLE 3%

United States Hydrofluoric Acid Consumption, 1957 and 1963 (Estimated)

" (Short Tons)

1957 1963

HF Percent HF Percent

of Total of Total
Aluminum fluoride 40, 000 29.6 65,000 30.2
Fluorocarbons 38,500 28.5 67,000 31.2
Uranium production 16, 000%* 11.8 21, 000%* 9.8
Synthetic cryolite 13,000 9.6 25,000 11.6
Conversion to salts 7,500 5.6 8,400 3.9
Stainless steel 7,000 5,2 8,100 3.8
Petroleum alkylation 6,000 4,5 9, 000 4,2
Special metals 3,000 2.2 6,000 2.8
Etching and frosting 2,000 1.5 2,200 1.0
Others 2,000 1.5 3,300 1.5
Total 135,000 100.0 215,000 100.0

* This table is from an article by A.H. Stuewe, Stauffer Chemical Co.,
New York, printed in Chemical and Engineering News, December
22, 1958.

*% Net consumption.

SPECIFICATIONS AND PREPARATION FOR MARKET

Fluorspar is marketed in three grades that have different
physical and chemical specifications, require different processing, and
command variable prices. The richest natural deposits do not always

provide the highest-grade concentrates for industry. More often the

physical nature of the occurrences, rather than their chemical purity,
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is thev deciding factor ‘in deter"xlnining- their end’;\is‘e and, béradc)iicatlly;
the higheStég;*adlé natural éecurrence‘s often"régcll‘ market with the - |
lowest phVSicai‘and chemical 'speciﬁ.ca‘tion‘s‘, and vice versa. The -
~ explanation of this anomafiy lies both in the nature of & he oc currences
and in t:hé requirements of the cdnsutﬁing industr’/ies.

Métaltlulggical ,fluorspar, -a‘ls_o referred,t,o"as ”Standard
- fluxing g'ravel”, or "lump grade”, ﬁlé,y bé sold under definite
' _speciﬁcatién's'.s\uc‘h as a minimu@ '.o.‘»fl 85 per ceﬂt QaFZ, a maxiﬂmm of
5 pefcéxit CaCO5 and 5 peféent SiOz, and low~to~trace amOuﬁts..of, ,
'sulphur and mAeAt':'a,l'lics. In rec_ent years, hQW‘é‘v’»erQ:ﬁ most mvetavllu'rgica.l ‘
ifludrspar ha.s.".bé'e"n §old under Meffective units'! specificatioﬁé. ' This-
!rec:lui;es that eaph one perceht unit lo:f silica shall be cancel}e'd by a ~, )
:tvs}o a’nd‘a’ha;lfvpe rcent uﬂit of célcium fluoride and the remaining
~calcium flu'oridé’be cc;nsidered,the ”e:ffectiye units" o_:E‘CaFZ. W'hile'.'b"'
this system pr(')vj:des some flexibility, there arede.ﬁ.nité lim_its:, both
for minimum/c‘alcium .flﬁoride énd for ma.xirnum's'iliga, “cdlcium |
, cérgonafé, ‘. éulpﬂates;‘ .sulphuvr and m.'etaillicsf...' In additién to the s'e
chémical speéifications, métallurgical fluo r'spa.tr‘ must be in coarse -
.sizesﬁ Particles shogld range‘from"?’/S'iAnCh to 1 1:/2 inches, and fines
must not exceed 1.5 1:.>e‘:'rce‘nt.u - | - | |

: ’I‘h'e_vfe‘quiremeﬁt of coarse size 5f_or‘ meta',llu‘rgicalv uses
means that‘only high - grade,co:a,1~se].y» crystalline deposits are. satis~
fé,ctory sources. For these _rea.soné it is quite'ustlal_to sée the highest~

grade natural deposits providing the lowest-grade end produet, while -
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low~grade disseminated fluorspar occurrences often provide mill feed
for acid- and ceramic-grade concentrates. Because these products are
marketed as fine powders, disseminated lower-grade ores can be used
to produce them.

At the present time, most metallurgical~grade fluorspar
is being produced in low-wage countries by simple and often primitive
mining and milling methods., The ore is brought to surface and crushed,
associated waste is removed by hand picking, and fine material is
removed by screening.

Ceramic- and acid-.gra.de fluorspar concentrates have more
rigid specifications but are most often produced from deposits-that are
not' satisfactory, either physically or chemically, for metallurgical
grade, As an example, it can be pointed out that many of the largest
individual .fluorépar bodies are found in association with granitic rocks.
Such bodies are usually of a uniform character and normally contain
more silica than metallurgical fluorspar specifications permit. How-
ever. for acid or ceramic uses, where a finely ground product is
necessary, the silica can be eliminated .by fine grinding and flotation.
Such sources are thus chemically adequate and have the advantages of
uniform and relatively large tonnage as compared with the small higher-
grade occurrences that usually serve metallurgical purposes.

Ceramic~grade fluorspar, also referred to as ''glass' or
""enamel" grade, must be not less than 95 percent CaF,, with a

maximum of 2.5 percent SiOZ and 0.12 percent Fep;O3. As mentioned
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above, it must be .fi_ﬁe—gfound, rang:ing in mesh -siz_é .frqi’n,'bcoar_seftp
ei;tra’,.fine. " FrbAm 100 to 1000 pom;d's of ‘fllﬁio‘r-spar'for each, torn.o.f:sand
may be ~uéed in;‘tl';elmanujfactllré of various types of gla'ssi; - The

vitr,éous enam.els,- so familiar on stoves and 'ré,fr'ig‘erators, are made’
withfine-gfound fluoxr ;spai as é".flux and opacifier.»

Acid~-grade .fluors‘prar. is a‘ .firie(-—glr)ound concenfréte‘with,» :
strict chemical specifi’catic‘)‘ns’; It must contain more 'th'a"n‘ '9.7 percent .
CaF,, not bv"er 1 pércént SiOZV;-,A and a low confent of CaCO3, sulphur
and metallics.  Because th1s méterial is used to produce ’hy’dr'(‘).fluo;'ic
aéid, u;;i.fqrmity_dnd strict 'qu.ality _controi .;—J,-re'necessarly and this
cohcenﬁfate commap.dé the -l;ighest» price.
Acid~ and ceranqicégra@e concentrate s, can be ~produ¢ed by

- milling ores of various grades, Uniform, »largeftonné'ge orebodies,.“
such as those 1n Newfoundléhd, are de;sira}ble/, but many custom fluor-. =
, Spar,‘rhills, opéfate on ores Q.E';i/avryin»g grades :and préduce a uniform .-
concentr;ite b& éareful c‘ontrc‘)l'o.f thé feed a,ndv>by’ map.,vkingv smali a.djﬁst‘—-
_ment’vs in their frhilﬂl{iﬁ_g pr'oce.ss.‘ Such ores are c.:ru,she,d,: the fiﬁes are
screenéd .,ou"t, the waste is removed by gravity or‘;hgavy-;media_methods,,
and the .flu(‘c")rspvaitr is r,ec,o‘ver‘ed( 'By fine grinding and .flotatiéﬁ, A' These:
fine concentrat’evs must be shipped in covered tran/spo-r‘t t;o avoidAwinvd ,

and raip vlo-s‘sAes“, and are kiln-dried before use in the acid-~making plant.
OCCURRENCES OF FLUORSPAR
- Little serious atfentiqn has been given to a study of the

geological factors that control the deposition of fluofspar because,
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until recent years, supplies have been adequate and readily available.
Fluorspar was obtained from the most convenient source and any
scarcity could be overcome by the encouragement of small price
increases. Usually, individual mines were small and the operators
had neither the means nor the incentive to search for large reserves.
Some fluorspar exploration has been carried on, mostly by large
chemical and manufacturing companies that have recognized the value
of the mineral and wish to assure their future sources of supply. Fore~
most am.ong these have been E.I. du Pont de Nemours Company,
Aluminum Company of America, Allied Chemical Corporation, Reynolds
Aluminum Company, and others. In recent years, all these companies
have'been active in the United States or in Mexico, or in both countries,
Increasing consumption, particularly of acid-grade for the
fluorine chemicai industry, has caused some concern about future
supplies in the United States. This has encouraged exploration and
directed attention 'to the nature of the occurrences in an effort to
. identify the controlling factors. Characteristics which appear common
to certain types of deposit are recognizable and the classification of
deposits according to their environment, or origin, provides a better
understanding of the occurrences. This, in turn, is of value in the
search for new deposits.
Fluorspar has been .founci in occurrences of two general

types: those associated with late granitic intrusions, and those which
appear to be related to the last stages of volcaniec activity as indicated

by minor lava flows and hot springs. Both types are the result of the
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migratipn and idepo'sitioyn 6.f v‘ola‘tile or solutidxi—-borhe fluorine .fr,c'>m‘
¢ooling m‘agmva. ' |

| beposits in or related to grlanitic intrusive rocks. are. ’
numerous thrb@ghout,,the wqud and hav’e"be‘ept‘;he source o‘.fy .much I,o.f By
the fluorspar pro'duvc.éd. VO.ccurrenc‘e'sl of .this type é.re :known in .
Britain, Fraﬁfje, ‘Germany, Spain, and Ca‘nac‘la.._"T,he ‘famous depos,i‘ts
of 'theIllinois)-,Kentu.cky'area in theAUnited States, although they‘i_ qucurv
“4in limeétonés, are believed to be -of,t};is ‘tyi)t‘a'in spite o.‘f' the .fa'.ckt that
no granitic.rbcks haAv‘ef been found. The‘déposi,tion of fluorépaf rﬁay..
have been contro.lvled by s‘tr.a-tigr‘aphi_c féatures or .anult,s; Wide fault
or sh‘a'tterA z_ohes ’i‘,n‘gra'nitAe may b¢ replaced by .fiuorspar to,for_rn widé
bodies. The oc_c’:urrences"areAusually withi_h the granitic intrusive bu"t'
niay' be found in favourable host ro_cks‘ adjacent to it. These deposits
- are usually tl;xe laArgest found and the most corylsistentA 1n shape an4d'. .
mineralogy. They are nbrn;ally medium to low in grade and
charactéris'tiCally contain minor amounts of sulphides suph .aI,S' g'alena, ’
and pyrite. Bepause of their size and ;onsistent mineraliiétion such
depositslare:ﬁsAually the r‘no'st attractive for déVel,opment, althowugh:‘
" they may »ﬁotbe{ tAhAe 'highestr grade. .
| | Fluorspar, usually as veins, ‘also ocecurs in areas where.
granitic intruv’s,ivés :a.re not known._ and with associations _and charaétere :
istics that,sqggest a different though related s.ourc:e'. The numerous .
occurrenc.e‘s of flubrsp_a.r" found in eclose pr,oiimity to hoyt sprin:gs‘; '

strongly suggest a common origin for both. . Occurrences of this type
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are known in the Rocky Mountain area from Yukon to Mexico.("é’). The
author has seen many deposits of this type in the southwestern United
States and in Mexico. These depqsits are often highwgrade and
normally do not contain sulphides. They have been the source of

large amounts of fluorspar, although the individual deposits are usually
small,

In recent years, extensive occurrences believed to be of
this second general type have been found in Mexico and have been the
source of large amounts of fluorspar exported to the United States,
Canada and other countries. Many of the recently discovered Mexican
deposits are unusual in that they consist of extensive flat-lying beds or
layérs in limestone. They apparently were formed by fluorine deposit~
ing in the most favourable host rock of the limestone series. In
Mexico these occurrences are referred to as "mantos". They are the
most extensive deposits of this type known and they are important
as a ready source of supply for United States industry and also because
the large amounts of fluorspar already produced from them indicate
the value of this particular type of occurrence. These deposits are

‘particularly attractive in Mexico because they are shallow and flat-
lying and ean be mined cheaply with low~-cost labour and hand tools.
Flat-lying deposits of fluorspar and witherite that have been found
near Lower Liard Crossing in northern British Columbia appear to be
similar, although they are too remote to be important at present. (5)

Under varying conditions, fluorspar has been found
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’.associatéd'with many o,ther mi_nerals. The association of galen'a and -
pyrifze with .fluorspa;r ’in‘;gi“ar‘li/t::yic deposits has been mentioned, and
sphalerite éléo is ,.fdurlld:. The iion-metéllicminérals comfnonly )
as sociatgd with ﬂuors,pa'r. are calcite, ba_ri.te,,l and quartz; in .pegmatii:ic
occufrences, “t.o.urmali'ne', topaz ié‘nc/i;apatite are cofnmon. ~Derise:,~ fiqeu' -
grained silica is ’occasion‘ally founq w,if:h Zfluorsp_af in veins and alrs,o' as
'separat’:e‘ovccurrerices 'neérr :Eluoréi)ar -veins, f”Th.eAse are _unusue;l

, ’occurfences, with n(’)’ satisfactofy :ve}vcplanvation.’ - One such é’ccurren’ce,

- has been seen-in Newfoundland, twd have -be.’énl,noted in New M‘exico
(near Sé_corro and near ‘Demin;g)‘,' and__énothe‘r near Parral; Chihuahpa,
Mexico. In one instance, silica had complgtely‘ r‘eplaced a-shear zjone, .
making it more resistant to .w,'eavt»:hering ‘than the adjaqént ‘wall rocks
and causing 1t to stand prominently abov;é' the syrface :1'1ke, :-a’.siliceou's' ,
dike.'((??} |

| : _,A - An aséocia‘tio'n;;which has been noted in mar'lylpla.c':es; is-
tha_.f of uraniu’i"nj”é.nd fluor s‘plar_r,.A Uéually‘ such associations occur in -
deposits related to Vgra'niti..c rocks, but all gfanit'ic .f.luOrspar.d‘épo.sit's/
d§ not conf:ain ﬁrémium'. Although occurrences of.fluorspanr’ .and u_ranijur'nv
are mim/el"t(fju's,r fhe z;,uthor knows .of none frq@_'=wﬁ~ich both mi/nér,alls' can -
b'é réc;ov’eféd econopﬁically. - Tkhe most p'vfomiéi'ng.ocdurr.enqes of’
this tY})e;are pArTi\marily fiuorspar-‘with a small content‘of:ur‘aniu,rri.

Ii: has been noted that where these two minerals occur téééthergthe
flu-orsPa‘ﬂr is almost always a deep blue.to indfgo colour‘." Purple fiuqr—-~

spar with uranium is common in the Bancroft area of eastern Ontario-

and the adjdining area of Quebec, occurs in the Rexspér Minerals and




Chemicals Limited deposit at Birch Island, B,C.,and is reported in
the Schwondorf fluorspar area of West Germany, and other localities.

Galena and sphalerite frequently occur with fluorspar, and
in deposits in England, Germany and United States have sometimes been
the primary ores, with fluorspar recovered as a by~product. The
Khaidarkan deposit in the U.S.S.R. was primarily a source of mercury
and antimony, fluorspar. being recovered as a by-product,

Another source of fluorine must be mentioned for its .
possible importance, although it is not fluorspar and does not as yet
produce large amounts. Phosphate rock mined for fertilizer contains
minor amounts of fluorine and, in the United States, some plants are
recovering part of the fluorine content for its by-product value .and
also to reduce the danger of air poilution in the surrounding area.
United States ph‘osphate rocks contain an average of about 3.5 percent
fluorine, It is also reported that fluorine is recovered as a by-product
in the processing of apatite-nepheline rock in the Kola Peninsula of the
U.S.S5.R. Large reserves of both phosphate rock and apatite exist in
many countries, and will probably contribute larger amounts to fluorine

supplies in the future.
WORLD DISTRIBUTION OF FLUORSPAR

As an industrial raw material with rather specialized
uses, fluorspar has been obtained from the source closest to, or most

convenient for, the industries consuming it. Major consumption is in
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the hi'g}‘llyv ihdﬁs?rializ'ed .co'uﬁt’ries, and‘xhajor'pro‘d\uc'tién has beer
co;xfiﬁeti to these countries ér to neérby aréa's. ffom which .fi\i:or spar’

| can be trénspbx;fgd at low cost. Pu’bl'is'hedgd'a_ta on worldr’eszvayrves of
‘fl\;'dif spar apéear -to" indicate thét future supplies are céncéntrated in
ée;'tain ‘countries and ar.ea;‘a.*' This is because the oﬁljr informatiqn on
fluorépa;r resérves cdmé;s from t}ie' developedl and producing areas, ‘-
Many ogher deposits exist bﬁt;‘ BecAause they are knot. readily é.vailable
to pfgsent ma’rk’eté’; “little is known ab;ut them, - The present information -
on fluqr-Spa’r"deposit"s and future reserves shoulyd','fthere.fdr.e,’ be con~
sidér’éd 'a‘s applyi%ig‘ to m’at‘eri’al most 'rVeadily_"'availa;ble and not é.s;a t'xjué'
measure/o‘fv future world kéuApvpli'es". This is c].éarly ill‘us-tra’.ted,by thé-w
rapid and"large increase in Mexican proAd\ic'tic;n,and"re"serves wh_en;l :
exploration‘-becamer,'activve. Compiling.»rkesekrve figures :on a continental
basis (as in '.I‘ablerb‘) ' s.nowsAthe inadeqﬁacy'of presentinformé.tion. It
is-unlikely thatVNvorth America and Europé ho‘ld’ three time.s' ’
the fluorspar réser\}es of /al'l’ the rest of the ‘wo'rld.‘ :

, v,.Ge.nerja'.lly speaking, fluorspar qécurs. in?adeq\ialte deposité.
thr‘ou‘ghoufvthe‘ world, ‘As the United States report "Resour;:es for
Freedom", popularly k‘néﬁn as the Paley Report, states, 'k'.fluor‘spa.r
dema‘n/d is always satisfied", ?.nd it seems likély that pr"icq increases
will lz;e able”to enc&ura)ge product?.oﬁ to. r"neef most requirements. There

are, however; some consuming arel.as whe're‘/supply is ‘be;::qming a
- problem, .‘not/ because: .fludrspar‘ does not -OCCﬁr in or near these -
ciistric't‘s‘, :b\‘}t .bec':ause continued and increasing prodﬁction’éver many

years has now cdnsumed the best deposits, An example is the highly

* See Tables 5 and 6, on pages 30 and 31,
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industrialized area of the east central United States. To satisfy the
demands of these areas, fluorspar deposits in Illinois and Kentucky were
developed and have produced large tonnages continuously for more than 60
years. Production from these deposits appears to have reached a peak in
the 1940's, and although output and reserves are still substantial new
orebodies are becoming increasingly difficult and costly to find., It is
probable that production from this distriet will decline gradually.
Consumption is now rising in the central and eastern industrial regions
of the United States and, because the only other United States area with
significant amounts of fluorspar lies far to the west in New Mexico,
Colorado, Utah, Nevada and Montana and is subject to long, expensive
transportation, future supplies have become a matter of concern for

. consumers. Owing mostly to highe.r wage rates, fluorspar production
costs are greate'r in the United States than in other countries. This,
together with rail freight costs, makes western fluorspar unattractive

to eastern consumers. These factors encouraged the discovery and
development of deposits in low~wage countries such as Mexico, Spain
and Italy. As a consequence, fluorspar production in Mexico has

risen very rapidly until in 1956 and 1957 it exceeded that of the United
States. The strategic importance of fluorspar and the significanee of
this trend are more apparent when it is pointed out that Mexico consumes
only small amounts of fluorspar., The fluorspar situation in the United
States i.s of interest and has been cited as an example of the importance
of the mineral in a highly industrialized nation. As fluorspar~-consuming

industries expand in Europe, Russia, Japan and China, it seems certain
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that fluorspar shbrta_ges will cceur,’ ..

o "In'Eulr'op.e; sup'pli'es have been adeqﬁate'éndih~-recentf‘
years Spain a;nd Italy have~e>'cported' qons’ide‘ré,bl'e- amoAunt's‘to the United .
States. However, the main consuming nations of Europe, | such as
Germahy, the United‘KingdomVancvl France, appear t}o’have‘ little more
than enough .f%uorspai‘ for tileir own needs at present. Any inéreases
1n demandiwoﬁld be‘di.ffic‘:uyl‘t' to supply.frorn presentisoui‘ces. It is
expécted that the same zfacgoré that 'are iﬁcrgasing ’.fluor épai‘ consumption
in: the United:States_, namei‘y the-expansion in steel and alﬁmiﬁum
production and the deveiopment of fluorine chemicals and products,will’
also ;eventually éf.fe’ct -Europeap industry. ‘IE is possible that. the fluoriﬁe-
chemiéal industry, iﬁ particular, may-develop considerably. faster:in
Eufqpe because many difficult handling-andfinrocﬁeAssing problems have
already been solved by research and development in the United States:
' if demands in Europe increase, additional supplies 'fn'ay?be obtained
.from-It;aLly and’Spain, ‘possibly at the expense of exports t9 the 'Uni:ted
States, but new sources appear necessary. Thesev'migh't be fQund in -

North Africa’or in the eastern Mediterranean area.-

Little reliable ihfofmation is avaiiable on fluorspar
production, consumption and reserves iﬁ the U.S5.S. R (7) ;(8) Thé.
ﬁnited States. Bu1.°eau Ao,f Mines has estimated 1958 production at -i80, 000 :
short tons,-,ﬁp .frokIAn. 165',4 000 short tons in 19v57,.and consumption somen~ -
what greater at 220, 000 sh'ort tons. It is known that the U.,s.5, R‘. |
Aimpo,rts fluorspar from satellitg countries su;:h és ."Bulg;a'r'ia, and from

China and Mongolyi/a'. :In.-‘1956, imports were reported to total 118,400
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metric tons and in 1958, 129,600 metric tons. In addition to the fact
that imports are increasing, it should be remembered that sources
other than fluorspar may be contributing to fluorine .supplies in the
U.S.S.R. A German author{8) reports that "alkali flubrides” .are
produced as a by~product of apatite~-nepheline processing in the Kola
Peninsula. It is also reasonable to expect that ﬁew deposits of fluor~
spar are more apt to bé found in the large undeveloped areas of the
U.S.S.R. than in the more érowded and more intensely explored areas
of Europe.

Japan does not have adequate domestic supplies and
relies almost entirely on imports., In 1958, for example, 50,000 short
tons were consumed and less than 10,000 tons were produced. Supplies
have been obtained from South Korea and South Africa, and i:robably
from North Korea and China.

Canada is one of the very few industrial nations with
adequate supplies of fluorspar available to consuming areas. The
Canadian deposits in Newfoundland are not close to consumers i)ut fluor -
spar can be shipped via the St. Lawrence Seawéy to all the industrial
areas of eastern Canada. They can also serve the east-central part of the
United States through Great Lakes ports, and are well located to supply
industrial areas on the east coast of the United States. In fact, except
for the very low production cost of Mexican fluorspar, the Newfoundland
deposits would be an attractive source of supply both for Canadian and

for United States consumers.
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WORLD PRODUCTION AND CONSUMPTION .

Worlci vproduc.:tion ana consumbtvi‘on of .fluo:;' spar Ih.ave
risen coﬁsistentl;ir:si.nce .1940 (see Téble 4) 4SLf1‘perim1.)osec‘1 on the :
rather uniform increase (iue to the éteady expan'éio.n in steel, aluxﬁinum
and general manufacturmg needs, there are .e‘;olrne abrupt increases,
Military demands in 1940 45 and 1952 53 spurred productlon and ,
consum.p‘tion, and durmg ’che past few }/rears technical advances have
result;éd in sharply increased demands for use iﬁ uranium pi’ocessiﬁg,
missile-fuel research, and a wide variet'y‘ of .flu‘orine chemicals. .

Countrie -3 produéing sf:eel and‘alurﬁinum -fequire fluor -
spar for ev.eryAton of metal produced; Tﬁe unit amounts ‘are small,
about; 4.5 pc;unds; of fluorspar per tén of ;e‘teel étnci ab.out 200 pound’s
per ton of a;luminﬁ;rn‘, but pro'du;:ers must have é. reliable: s:o.urcé of
suitabie material because there is no adequéfe ‘substitute for f_lﬁérspar.
The flu‘OrsI;ar produced in Canéda serv.es these two.iﬁ(vi'ustrie.s. The
prese;t and futﬁre‘importa;nce of fludrépar, however, vdepen’d‘s énl
chemical consﬁmption and‘.will concern t-hosé countries‘th-é't. ére méét
- advanced indus4tr‘i'a'L11}’r. | For ‘this reason the pr.odu’ction, .éoﬁsﬁm.btiolrl
and rééerves avéiiable to the higﬁlyjindusti'ialized and téchnically '
é,ggressive éountrigs, such as thé ﬂni.ted étatés, . J.a.pan and the ‘U.'S. S R.,
an:d to‘ Weslterr; Europe, '.are ofy cvor-\.ﬂidera“iale 4in’>cc:>rc-‘:st af the 'pr(.aslen't timé.
) i‘able 4 shows the f1u01 spar shlpped by the main

producing countries over the past twenty years. IL w111 be noted that

United States production has not increased appreciably, while that of the




TABLE 4

World Fluorspar Production y, 1940 - 1960

(000's short tons)

¥ - Estimate N,A, - Not available

L/Data taken from various sources; which do not always agree,

_Z_/Figures are total of East and West German production, except 19481950
which is W, Germany only.

Q/Canadian figures include Newifoundland production both before and after
union with Canada in 1949. : : '

L/Figures given are estimates rather than official reports. One source
gave higher figures up to 1954, i.e, 1953 - 210,000, 1954 - 250,000,

E/There is recent evidence that production is expanding rapidly,

Q/World totals include numerous smaller producers not listed,

Year U.S.A. Mexico Germany & U.K. France Italy Spain Canadad U.S.S.R. % China ¥ woRLD &
' TOTAL
1940 233.1 10, 2 162.5 50,1 53,0 17.9  10;0 18.4 N, A, N, A,
1941  320.0 11. 6 161.5 46,4 43,7 23.0  16.9 18,2 0 n
1942  359,5 5.9 193,2 48.3 28.7 38.5 17.9 45,0 - " n 883.0
11943 405, 1 24,7 218.4 60. 6 25. 6 33.5  39.5 122.2 " n 1,137.4
1944 412.9 62.1 187.0 53, 8 14.0 7.4 61.1 60.4 o n 1,144, 0
1945 323.3 55,2 N. A, 48,7 15.1 3.6 10.6 58.0 4 " 741, 4
1946  277.3 24,1 34,0 51,9 23.0 8.6 9.6 30. 7 i i 576. 4
1947 328,38 50, 3 44,6 49.5 29.9 22.9 15,2 36,0 . n 1 718.3
1948  331.0 82.9 54, 34 64.8 35,7 44,7 46.8  100.5 Coon " 871.2
1949  236,2 61.3 55,0 74. 5 43,2 22,9  65.5 64,4 n n 754, 6 ,
1950 300, 8 72,2 101, 7 70.5 38.9 34.7 35,9 64.2 " L 867.9 N
1951 347.0 . 73.6 258. 2 83.7 55.0 45,2  62.4 74,2 90.0 i 1,130.0 e
1952  331.2  198,6 251.5 84,9 78.8 - 63.5 68.9 82.1 90.0 n 1, 300.0 '
1953  318,0  173.1 267.7 88. 6 69.7 83,5 56.4 88.5 90,0 " 1, 330.0
1954 245.6  146,1 1280.9 92.6 81, 8 85.0 81.0 118.9 110,0 n 1,350.0
1955 279.5  200.2 266, 3 96.2  .94.8 110.7 73.6 128,1 110.0 100.0 1,545.0
1956 329.7 360.1 °~ 250.9 . 102,5 93,4 136.6 81,2  140.0 165.0 145.0 1,860,0
1957 328.8  389,8 216. 8 104.4 103,0 158.9 97.4 66.2 165.0 165.0 1,920.0
1958  319.5  308.2 201.9 86. 7 99.0 154,3 113,5 62.0: 180.0 165.0 1,760.,0
1959  185.1  341.2 205, 7 93.1 170.9 170.9 97.3 ° 83,0% 190.0 220.0 1,854.0
1960 o ‘ :
Notes:
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TABLE 5

' World l* 1uor5par Tlade aLnd Reserves, 1958—/

Mam Countrles

(Short Tons)

--/ All grades.
: ’“/ Mostly estimated.

Country Production - Imports Exports ' Consumption 2/ Reserves 5/
United States 319,500 .. 392,200 3,400 494, 200 22,600,000
Mezxico 308,200 - e 309, 800 Small 6,600, 000
West Germany 135,400 38,700 “35,200 116,400 4,400, 000

| U.S.5.R. & 180,000 142, 500 - 220,000 8, 800, 000
- China 165,000. . None . 113,000 20,0007 1,500,0007?
Italy 154,300 Small 93,000 . 55,0007 3,300,000
Spain ' 113,500 None 73,000 15,0007 . 6,600,000
France , 93, 200 6, 200 5,300 . 60,000 1,700,000
United Kingdom 86,700 Small -  Small | . 80,000 1, 700, 000
~East Germany and - . o AR S . 5
Poland " 72,000  Small 28,600 - 50, 000 . 1,000,000?
Canada » 62,000 . 30,400 . - 85,000 5, 500, 000
- Union of 8. Africa 48,250 None 33,900 6,400 1,000,000
Japan .'5,800 41,100 None 50, 000 - 200, 000 .
South Korea 1,800 7 .. 13,000 Sma.ll : 50,000
Mongolia 50,'0;00' None 37;500 ? 7 '
Total 1,805,650 951,000 - 745,400 ~ 1,252,000 64,950, 000
. Notes:

_/ Productlon largely in Asiatic Russia; consumptlon 1arge1y
in EuroPea.n Rus sia. ‘

}_/ L1tt1e information avallable

' _/ Indlcates only the order of magnltude
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TABLE 6

World Fluorspar Trade and Reservés, 1958

By Continents %
(Short Tons)

Production Imports Exports Consumption

Continent Reserves
North America 689, 700 150, 100 18, 800 580, 200 34,700,000
South America 8, 800 Small None 10,000 450, 000
Europe g/ 745, 100 112,000 142,600 496, 000 17,700, 000
Asiay 312, 600 41,000 110,000 170, 000 10, 550, 000
Africa 48, 200 None 28,300 11,000 6,250,000

”I‘otals i, 884, 400 303,100 299,700 1,267,200 69, 550, 000
Notes:

3;/ Some European and most of Asian figures are
estimated, '
':2./ U.S.S.R. production is credited largely to Asia,

and imports and consumption are credited largely
to Europe.
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United Kingdom,"'Ffande aqd 'Ger_rn'af}y has- appr'oxi‘mately d{oub‘led., In the
same period, Canéciigﬁ Ilv)“rvoduqtiio;'lv had inc;z;ease(i s"va’\.fv’ewnf;old up to 1956 ;
and Mex'i‘can froductiéﬁ ha’d incr e}aséd }‘f;)riv:ysfbld untii 'i'n 1957 it was the
largest._in‘ the world. | It is also ‘o:f'kiriti'a'r‘é"st to nvot.e that the two iargest' ,
conséum»el_‘s, ,th.e‘,lI'JnJ;‘t'e'd 'Stkafes;a'vnd the U.S. S R., import ’r,n’ore"than

.]'nal:f of thelrfluorspar re.qi]l}ire'n"lén?’s, v.as shown ir;‘Talb_le‘ 5.(7)

The United Ki,ngdon.dv, France, and East an‘clAFWestﬂ'Ger.{ﬁ“any
cach prodﬁice.s énd'éo’nsumés‘ .fvrolrnv: 50,000 to 126,"04‘0'0"5110‘1't toﬁs ‘
anhualAly.; Any é:dditional demandé in fhéé,e Acountiies?vould pr obably»be
di’.f.fio:ult;t_o f111 :fr:om~ domestic re‘sour‘jces._ ,‘W'é:st (}lgrrmanyAéncl:ll_AItaly
‘ appeartd ha;r;a" sﬁppiiés in excevs's‘ pf'ltheii; own r(;,quiremen'Ats,. ‘but both
~are highlﬂr‘ i-ndust:/riavlized a’tnd‘can,,be expe‘cii;,ed to be a%nong the first in ;
Eu.r0pe to'increéée vconsu\r‘np'tion as/ ‘demqnds for fl\lbl‘iﬁé chemicals
grow’.., Of the European p‘ljoduc‘:élfs:, S"paiﬁ appears to ‘be about the only
c’oun‘try with a 'significant prpdﬁc’tion and Aonly a.t.srnalzl do'mesti.é delrnarnd. :

From informétionjavailable at pre_éent, 1t appéars that
‘Europe has sufficient fluorspar for present demands but that only
limited f'esérves are kﬁown for the several ‘ir@dusrtriavl' nations that can
be evx'pe(v:tevd_tobe active in developing and préduéing fluorine chémicals
and to be é’gg’rvesvsi"ve in m.arketingvthe‘m. |

| : Liftle detailed information is avéilable regarding production
and consﬁmp"cion p.f fluorspar in the U.S, SR Fluérspaf ,‘consumptio'n
often can be estimated Wheﬁ s{;.eel and aluminﬁm pr'old‘ucgtion‘is‘ known,

 but, because the U.S.S.R. production of these metals is not known with -
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certainty, the statistics for fluorspar cannot be accurate., It has been
suggested that fluorine-based missile fuels have been developed in the
U.S5.5.R.; if true, this would indicate a research background fully
capable of a military and industrial fluorine production comparable to
that available in the United States. It is possible that fluorine chemical
developments in the U,S.S.R. may be technically advanced but limited
at present to military requirements.

Information on U.S.S.R. fluorspar production, capacity and
reserves has not been published for many years, and some present
estimates are based on data compiled in the 1930's., In view of the
aggres.sive mineral-development policies being pursued, and the
evidence of growing ability in research, design and production, it is
reasonable to assume an effort has been made to develop fluorspar
reserves., |

Fluorspar has been mined in China for many years, mainly
for export because local demands were small. Recently, however, there
has been evidence that production has been rising rapidly. The expanding
output of steel is consuming increasing amounts, substantial tonnages
have been exported to the U.S.S.R. in recent years, and during 1959
metallurgical~, ceramic~ and acid-grade concentrates were offered
for sale by a state trading corporation. The United States Bureau of
Mines estimates Chinese production as at least 165,000 tons in 1958
and 220, 000 tons in 1959,

In South America, Afriga and Australia, occurrences of

fluorspar are known and a limited production has been recorded. In
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the contin_enfs, local markets are not large enougéh_‘to encoﬁrage f;he '
de-velopnient of a héalthy indi.lst'ry, an"d t'ra_hsportation to fo?eign‘
markets is too’;costly; For reasons such as these, éher'e is a considei‘--'v
able world trade in relatiVely smail amounts of .fluo'rspa'r by the
established lov;-'-c‘dsAt," large-tonnage producers, for instance, the
srouthfu:l‘ steel indusfry of India has imported .fluérspar from Mexico-

and China to satisfy itsvimmediate needs, although undei/féloped sources
‘are known in thaf coun?:fy. These apparent inconsistencies in-rﬁingral ;
developifneﬁt and4 trade become rn’ore' under séandable when it is
appreciated that,_: unlike métailic minerals, which ar'e.‘p_roduced in

large plants at lOW" unit co'sf;‘s"and for v’vhich world markets and t‘rarde
patterns-are Iw‘ell"éstablished,- fluorspar is p_roduced i,n‘sm’aller
operations at higher unit costs and is more expensive ta handlé ahd trans-
port. Th?sé faé&ors Iv':et'sult‘inzfluélf‘slaar trade b'eing generally' lirhif:ed;t‘o'
the cloéest rh'ark'e‘t: énd'the cheapest transportation, and the fact that .
international transoceanic trade does oceur is entirely due to the

essential nature of fluorspar and to shortages in the industrial nations..-

FUTURE PRODUCTION TRENDS

World production and consumption of fluorspar in paS£ years
hae been vefy lafgely coﬁt?o‘lied'by activity-in the steel and élurninuﬁi o
industries. 'Tﬂése two indﬁ'stries will c(;ntiﬁUé to be a féirly uni,for:rn _,
é.nd basic market, |

The additiqnal* demands forAflﬁdrspar that are ‘expected inv

order to satisfy the developing fluorine cheémical indystry will
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certainly exert pressure on present sources of supply, and it seems
probable that adjustments in price, production and trade patterns will
occur. Although larger amounts of metallurgical-grade will be needed,
it is expected that most of the future demand will be for acid~grade.
Such a market would probably be more uniform and consistent than the
present one and might expand to large dimensions. Acid-grade fluor~
spar can be made without difficulty from the siliceous deposits in granite,
which often are large-tonnage but are rarely suitable for metallurgical
use. These considerations strongly suggest that larger deposits to feed
larger mills and acid plants will be needed, and that, as tonnage
increases and unit costs decline, lower grades will be acceptable as
mill feed.

It also appears probable that large amounts of fluorspar, or
‘fluorine in othen; forms, will be recovered from phosphate rock and
fluorapatite deposits in the future. In the United States, substantial
amounts of fluorine will be available in phosphate-rock deposits when
complete and efficient recoveries can be made. The by~product
recovery of fluorine from fluorapatite has been reported from the
U.S.5.R., and rocks of this or somewhat similar types are known in
many other countries. Several large deposits of alkaline rocks con~
taining small amounts of niobium and uranium are known in Canada,
and others have been reported in Africa. Some are known to contain
fluorine, in fluorapatite, although little attention has been paid to the
fluorine content. At present such sources are not attractive but it

seems quite probable that large amounts of by~product fluorine will be




© = 36 -
‘recovered .fro‘r’n' thém iﬁ the future, possibly bsr 1A98’0.
FUTUR"E‘ SCURCES OF ELﬂORSPAR ANDFLUORINE
As‘sumihg that the demand for fluoi'épar cohtipu’és‘ to increase
| as éxééctéd»éand that shortages develop, ‘as seems certain~~it is Q.f‘
ir}terés"t to review all potential’ éourcge‘s of .flu,o‘rspar, and tho"’se}fluorixi'e-
be‘,artin‘gx maté?ials .that may suppléhlent fluorspar sui)plies.
~ . At the preseht timé thére ‘a;re .fluorspar"depdSits in Canada,
U’nited‘States and Mexico which arékm.inera‘logically adéquate but,
because of their location or ma.rginal ecdnémfcs, are not ﬁrdfitable'to,
, olperal':eQ In some cases a sma;illlpri;:e increas:e_vs'réuld stimulate pro-
ductién, .and '1n othér cases production might fésult from entirely
indepeﬁdént"fa'éto;'s. sgch as the"‘exténs,ion of réads and fa‘il@ays in
' Béitish“(}éiurhbia or Mexico. | |
In spite of the low production of f,luoflspar ¢redited to South
A‘meriCa,‘ ‘Africa and Asfia,' depbsits have been found, and itis like;ly
that others arfé lpifeseletl:. The preser;t lowlprédﬁ'ctio‘n results ffdm' a
lack of pro;fii:aﬁlé "Vniarkgt--s , or of trarispOrta;tion to ma_‘lv'k‘ets,: rather
than .f.r'ojr'n a lack o.fffluorspa.r. It is v’thusv reasonable to expect new
sources of ‘supply to appear as d'éménd and price {iricr'eas‘e.’
= Such additional soufceés are reas s@ring' but nOf'entirel'y
satisfactory to ‘preéent conéumers, becauseitl;évy may 'be'a.f-,fected by
politiéal or economic factors in the source country, and by éhii)ping
problems and ‘costs, o{rer which the consumer ha.s"li’ttle. or ﬁo conti:ol.

For such reasons, consumers are now becoming interested in other
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possible sources of fluorine whieh show promiée of begoming large~ '
scale suppliers~-for example, phosphate rock deposits in the United
States and fluorapatite deposits in the U.S.S. R.

Discoveries of new deposits of cryolite similar to the one in
Greenland are possible, although other large bodies of cryolite are not
known, Fluorine does occur in or with a few other minerals, such as
cassiterite, topaz and mica, but not in amounts that encourage economic
interest.

Fluorine has been recovered, both as a gas and as an artificial

- fluorspar, from phosphate rock in the United States, although neither
the economics nor the tonnage of such production is as yet significant.
It has been reported that increasing amounts of fluorine are being
obtained from this source and that the Kais-er Aluminum Company
contracted for such material in 1957; this report is significant because
it indicates that earlier problems in the production of fluoride in a form
that could be used by aluminum manufacturers have been solved, Most
of the research on the method, and most of the production to date, have
been by the Tennessee Valley Authority in the United States. The larger
phosphate plants could recover fluorine efficiently but the small
operations, which represent a large proportion of the industry, could
not. Therefore, although the potential supply from this source is very
large, recovery on a large scale is not yet technically efficient or
econorﬁically attractive. Kssentially, the problem is that o.lf'producing
and processing corrosive and toxic fluorine from large volumes of

material. In addition to the profit to be made recovering fluorine as a
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i)y-produ'ct,‘ the 'plllo's’phate 6perators h'av'e:been' encour'ag,ed to make this.
recovery. by r»ec'urring litigation concerning the damage to plant /an’dyi
vanimaltlife‘by to‘xic‘ fiuor.ine thé,t has been wastg;.i"t.o ;he atmosphere:
World_rese'rves;ofe phosphate r'ock érefve'rjr large.v In '195?-, t;he writers
_of the Paley Repdrt conservatively estimated reserves of considerébl}}- :
.mo.re; t;h'ax; 1‘(“)VO‘vl‘nillion tgﬁs, >av'e'raging 20 percent’ PéOS qnd ab'oﬁt 3perH
cent‘.flu.orine.' It is apparent that the-phos'phz.a,t-e*_indu/st.ry ‘can supply..
1arée amﬁunts ,c;f _arti;ficia',l fluorspar, or 'fllgc;riﬁé in othér fo‘fms’xv, "vvhenj),
the d'emand;ax;d"p‘ricnes justi.fythe additional equip'ment' necessary to
extract 1t Th'e'_Paley:Re"port estimated that b'y‘. 1975 the eriuivaient of
650, 000. tons ;nnuélly o.f»‘g;rti.fifcial'flgorspar' would’bé ax}aila;ble from
phosphate ro’ck.' Such figures noQ a'ppear to 'ha,'ve,béen too»0ptimistic!
but fhey serve to ‘illllis’.tra',’te,the Po'fentialié.f this fsour‘ce.' |
.. The report{®) that raTkali fluorides! are being recovered at -

an apatite~nepheline ,pr.oce‘é sing plant in the Ko_ia Peninsﬁla in the(- <

U._S.'S. R. is of technological interest. The rawzr'natei'ial .contains about '

1 percent .fl_uor,iné‘ and reserves are es_t,imla’ted at 1, 000 million tons,
The plahtis éaid,to produce apa.titeand néphelin’e co‘nvcentrates,‘ titaniﬁm
dioxide, vanadiumgtitaniur’f) viron, aikalié, portland c’:‘ement, :alumi.numf '
silicate, rare earths, superphosphaté.,. and fluo;'ide. The.capaéity of
this plant is:'reported- to be foﬁr millionvt(ons yea_rly’, and, as suming an:'
operation of e;rén 1';\/;"0 <mi1-lio,1'1 tons, fluqrid_e «’p.rodug:)tion may be: e,sti"rnat’:ed'
at about 25, OOO'_toﬁs yearly afﬁer .allo;w,ving_.f(')‘r -px'-ocessing loséeS‘ of 20

‘ percent‘. ’ There are other'plants of this type in;the U. S SR 5 although . -

it is not known that fluoride is being recovered at them. - The fluorine .




-39 -

content of this raw material is considerably lower than that of the
phosphate rocks in the United States, but the large tonnage operation
and the several products being recovered may make the operation
economically attractive even by Western standards. It also should be
noted that the economics of the operation may not be of primary
importance in a planned economy such as that of the U.S.S.R., if the.

production is considered necessary or is a:part of long~term plans,
FUTURE DEMANDS FOR FLUORSPAR

Evidence from many sources points to an increasing
importance and a greater consumption of fluorspar. The expanding
production of steel and aluminum has been estimated by such studies
as the Paley Report in the United States (Vol. II, pages 88 and 125),
and the Gordon .Report (by the Royal Commission on Canada's Economic
Prospects, 1957) in Canada (page 218)., These suggest that steel
production will increase 62 percent in the United States and about 300
percent in Canada by 1975, and that, in this period, aluminum production
will increase by 350 percent in the United States and by a larger per-
centage in Canada. Obviously such' increases would demand a much
larger consumption of fluorspar than at present and the magnitude of
this greater consumption in the United States is suggested, again by
the Paley Report, as the difference between the 234, 000 tons of fluor-
spar consumed in steel and aluminum in 1960 and the estimated
consumption of 561,000 tons in 1975, Increases of 100 percent are

also estimated for fluorspar to be used in glass, ferro~alloy and
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miscellaneous .indus/trielx's;
4 COhsiderihg these trEIVIId"S, it~'s.eer'r_1§ ce?ta_iﬁ that larger amoﬁﬁts
and more 'i'eiiablé 'sbuxjc.es of r'ne'tallurg'ical‘-'-‘grade ‘fiuorspar mu st b_é,'
o .f/oux'1d.A In 1959, tﬁe’ Uni'tedEState‘s steel 'industﬁ_es c.otxisu‘m‘ed about : |
_ 21A8, ’IIOOA short tons of metaliﬁrgi(:’al/flf;orspar.. In »thi"s(’v)"réa_l-',: irhpdrts of -
Ametallurgica‘l—g‘r_a.de from I\/I:e)'ci'lc‘oAtotalle‘xd,more thah* ié9, 400 'sho‘;t} fpﬁs{ ‘ o
andbfror_ri éth‘er 'cbunt'r'iés ébpﬁf 16, 800 tons. |
| :.' vIri othgr ';vorci;s‘,l”trhe, Unité;d S'tate>sl’stee1 indﬁspfy depends vér’y
"Vlargely on impofts' fér metéilgrgiéal( f].'l'].OI"’.Sp;.I".} A similar sitﬁétiori ‘exists »
in Canéda, ~where about Z0,000:.to'ns of metallufgical;grade fluorfspan;' :are
consurmed énl_'xiially; of which .a;t)out.z;'oojdﬂtons ére; ‘pro'duc_féc‘:i 'domestigallsr.' -
It thé cbn,surriﬁtipﬁ of fﬁetallurgical-grade flqofspai doubie'é 'invth'e-’vnext‘ :
fifteen _‘y'éa:r' 5. »édéduate" supplies will likély“b‘e Acii:ffi'.cult tb-' vobta;i:n'.‘ “This "
oﬁtlo‘okj’iéa clear to the Iérger Umted States cénéumérs, although 1t téﬁds’
~ to be obs“cu‘;t*'ed‘ by United ‘St:;,t:es_ prodﬁéer s “‘adv’()cé.'t:i‘ntg tariffs in oi'd‘:ei‘ to -
retain thei‘f"'rﬁ‘a-_fke'ts". |
A - ’Onetp_ds sible solution to ,this-problem't-wéﬁld bé' £0‘ produce . -
.meta]f]:.ul;gicalngrade by agglémé:atin’g_ﬂdtatidn é.ohcent;r-at,es frorn the .
1owgrggréci§ dgpos’its 'a‘vailable Iin'the' United Stéte s This' h_a-s been j:‘r‘ied,x
bu.i:‘:'t‘t~ h?iSVIﬁ;ro:véd .di'.f.fi.cﬁlt: t:b"make a -prod'u“ct': aclgept:able‘ t:ot:he stelell
indu,stvryv. 'Shortgges’ and higher priées ’fork-'rheta:tllurgicalégrade- W.op.vld o
encouragé t:hvefpro‘diict‘ionland u'sé bf'-n’.xore,s‘ati.sf:aqtory.pely-leiv:s.'- At
pres’ent; mefailu;'g'ical‘e.grade ﬁuorsiaéf is bbt:a’.ine;d .fyr,o‘i'nt tile h'i.ghe‘st'-%.
grade ‘natu’raldeiadsit:sand_, becalis”e*’.,t‘:}’zes.,e_ are 'us_l.la_,lly" the first to be

developed »émd depleted, it seems certain that shortages will-oceur and ‘
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some other sources of this material will have to be found.

Although the lack of fluorspar for metallurgical purposes
seems serious enough, the question of future supplies for hydrofluoric
acid and fluorine chemicals is even more pressing. The Paley Report
showed that 124, 000 tons of fluorspar were used for hydrofluoric acid
in 1950 and estimated that 390, 000 tons would be required in 1975, an
increase of 200 percent. However, in 1960 about 370,000 tons of fluor~-
spar were consumed for this purpose, so it is evident that consumption.
is rising at a rate considerably steeper than that estimated.

These figures show that the carefully prepared Paley estimates
of future U.S. A. fluorspar needs have been too conservative and that
the threatened deficiency in 1952 is even more serious in 1961. Estimates
for future needs in steel and aluminum can be made with reasonable
accuracy, because these are established industries where long-term
trends can be studied and plans made to meet them. The fluorine
chemical industry, however, is new and, because it is expanding at a
very fast rate, its future requirements are difficult to estimate. This
uncertainty concerning the amount of future consumption, in an industry
which is already consuming almost one~third of the total fluorspar
production, has become a critical problem to the major consumers.

Most of the trends of industrial development can be clearly
seen, although they are not always clearly appreciated. Energy sources
have changed from animal effort, to coal, oil, electricity, and now
nuclear fuels. Construction materials have changed from raw, natural

materials, such as wood and stone, to highly processed materials such .
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as.steel, 'cern'erit,:‘alvuminurn,' ;;sbes.tés and plasticé. Te;ctiles haye
changedvfro:rn" ne,_ter-al .fibres to syhthetic fibres, and our tbo_l‘s and tolys,’
appliances and .cohyeniendes from simple items made fi‘om natural- .
materials to co'rnplicavted maehin‘es thet no one man can p:t"oduce and |
only s’peciali'stS'can understand or ’repai‘r.,- These trende are so obvious.
that they érenot‘ v’yorthy' of ‘cemrhent except to point out that alrnoet all
depend en ehemicali 'developrnents. . ’VI‘he.fact t(hat_k mlanj of the ‘nev'v_ .
materials do not look like ehemic;é,l;s may vbe a tribute to designing and
manufacturing skills,‘ but.it is‘indieputabie that r'njost'o.f' the e.r,ticles we
use depend at some staée, on chemlcals and chernlstry

- Agamst the background of these gene.fal trer;ds, the potentlal_
of .fyl'u‘ori‘ne‘chernlcals appears 1mpqrtant and impressive, Thelr wide .
" range of ehd,pfpducts helps to produce g'asoline,,ura'.niu_rn,tmeté{ls,
, plas'ticks, fabrics lanc_l :,chernicartls—-—for pu:&pbses as vai‘ied ae fiuqridation
of water, (kill'ing’ of iﬁ5ects, refrig—erati‘on, and pi'opelling of shéying
cream out of centf;tiners-i It has been announced recently thét fluorine
and .fluoride chemicals are being used as oxidi‘zers in rocket fuels. At
'lereeent, the volume used for this latter purpose is ,srriail} but, beqause .
these rna{teljia'lé appear to apprOach theultirnate‘in p’ower'Aso.uArCeS for |
rocket .fu_elé, the fantastic power they provide is a rich prize for’
research. The imrﬁediate inter'est is, of cour‘se, 1n the,develo‘pment
“ofa rnilitary-as_set'kWithrtremendous prestige x}elue, but cornrnercial o
development and . appllcatlons would certalnly fellow

- The slackemng of industrial act1v1ty durlng 1958 and 1959, :
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particularly in steel and aluminum production, has tended to relieve
the expected shortages in fluorspar. But although supplies are adequate
at present, the exploration activity of United States companies, both in
that country and in Mexico, and the construction of one hydrofluoric~
acid i)lant in Canada and several in the United States, indicate that
future requirements may be expected to increase significantly.

When all these factors are considered and the future potential
o,f‘ fluorspar and fluorine is viewed in the light of developments in the
past few years, the possibilities are impressive. It seems certain that
there will be further development of fluorine chemical applications and
that, eventually, fluorine will occupy a place somewhat analogous to
- that of sulphur at the present time. Like sulphur, which is rarely seen
in its natural form, it will be used in the manufacture of many of the
things we use and consume, and like sulphur, it will be the basis of a

very large and important acid and chemical industry.

CANADIAN FLUORSPAR DEPOSITS AND PROSPECTS @)

Canada is one of the few countries in the world which have
~adequately developed deposits of fluorspar readily available to industrial
areas and large reserves for future demands. The major deposits and
the largest reserves are located in the Burin Peninsula of southeastern
Newfoundland, These orebodies are more than i1, 000 miles from the
industrial area of southern Ontario and Quebec, but shippiné via the

St. Lawrence Seaway ensures relatively cheap and reliable

transportation.
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a 'Pro'duc“tion: has él’s’o been obtained from num'érous small
* mines _nea.:'r.Mé,do;::in eastern Ontario, .frcV)mAth‘e Rock Candy mine in
south‘e’rn4Brit.:ish Colufnbia,' and:.fl;orn a few smaller occurrénces in .
Ontari§ ar;ctl\N(wa Scotia. Mo st o.f. the deposits could p:qduce again if - .
:'required'." In addition to #iines ‘and areas that have prddu'Ced flﬁor’spar';
 two large;i:onnage<occurrences‘ of".fluoirspa);- have.been found in British -
Columbia. Althougvh it is not‘“c‘erttai,n 'tkAlat either éduld pro&ﬁd¢ p’réfitably'.
. at.preAs_ent because of low grade or di's.tant loéaf‘ion, '*t.hey aré importaﬁf

as pof.ential souf’cés. |

It might also be noted that Canadié,nfflﬁorZSPar'reserve'é" are. -

ﬁhe known reSOu}:ces of a 'r‘niner-al for 'W’hich ﬁo"é‘cti*ve ’li-arg‘e"-,-scale’search | '
’ha‘s eVe‘rA been made, All the d'epositsfo;f interest at the preseht tiﬁe Cod
weref‘fcsund'”a't' least 20 years ago. It is reas‘oﬁablé ltb expect thé,t:-other
deposits Will beffouhci when it becomes necéssary or ‘profitable to ‘vsea.rch
for them.

Newfoﬁ.ndland(io) (“,) o

The Ne;;vf;)ﬁndland fluérspax; aeposits 4o’cc,ur as.veins ;3,n_d
mineralized zones: in a--granitiq ‘mass near the villagvet'ofSt. vLa\vﬁ;rence ,
on the southeaSterﬁ coast of the Burin Peninsula, »Fo:;:tyv veins have been
found in an aréa about 5 miles .square.‘ They range from a few i#ches ‘to-
rﬁpre than 5Q feet in width,: an‘d some are more than a mile in length';’ T
One depésif has been rﬁined‘to a depth of 900-féet and another to more. -
than 500 feet, with no app‘are‘nt change in the mineralogy or the conditions .

that apparently\‘ controlled the ore‘,depoéitioﬁ.' The narrower, 'high-ogré,de
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veins often contain more than 90 percent CaFZ and the wider, lower~
grade zones contain 35 percent Can‘or'more.' The St. Lawrence area
has produced more than 1,300,000 tons of fluorspar to the end of 1958,
and by far the largest part of this tonnage has been taken from the two
mines mentioned below, The area is only partially explored, because
the surface is mo sﬁly covered by overburden and there has been little
incentive to look for new deposits while large tonnages are available

in existing mines. The unexpected discovery of several veins by
surface excavation, such as road building and ditching, and by under-.
ground development, suggests that the resources are not yet completely
known.

Two companies produce fluorspar from the Newfoundland
deposits. The St. Lawrence Corpbration of Newfoundland Limited has
operated since 1933 and has produced from several veins, of which the
more important are: Iron Springs, Lord and Lady Gulch, and Blue
Beach., Veins range from a few inches to 20 feet in width and assay
from 40 to 95 percent CaF,. The silica content in the wider veins may
be up to 15 percent. Because of this silica content and some dilution
by wall rock, the ore as mined normally runs 50 to 55 percent Can.
The company has a heavy-media separation plant that has been used to
produce a concentrate, running about 75 percent CaF,, for acid plant
feed. It also has a f{lotation mill that produces acid-grade
concentrate when markets are available. Other veins on the properﬁy

are the Hares Ears, Church, and Scrape.
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: ANe}wfoundland] Flﬁor‘sp,a'r:Limi't,ed, a"s_u'bsidiary of the.
AAluminl’lmv qu;lpany of Canada Limited, _dra';v,s:.é,ll' its fluorspar from. ) .
 one rﬁi'ne,;: 'rth‘e‘: Director. TheDi.rector};mine‘is’ the most important -
dépo sit found to date in Newfoundland, and isA.»pr_ob'ably:’,thej lal‘_ge% E
_' fiuor-é~par- ‘m’i’ne‘ in the ‘world. The vein has a.length of 6,000 feet and
. a ’v;./'idth-va,ryj_-ng’-frbmo,t'o 70 feet; andvox‘iec'len‘ses carry CaF2 con_tém-s,,
of 60J‘£0 80 pe'>rcen‘t. : Otﬁer 1mportant deposits on the property are -
the Tarefare, (}x’ebe,s Néét, ‘ Big;‘Me'sadow, avnd'C‘a)nal;veins..'» Milling_,
Aconsists of ’crushing éndi heaw—ﬁe,dia s’eparat’;io'n at a plant .hax‘ring a
.rated‘capaéity éf«3,0 ,tqns per HOur.,,vTile.proc'l‘uc'tﬂ of’ tvhi's-.plag’nt,, a.
conéentratg runnl.ng 75 t_o‘80’per,c_;ent Can, is sh;.éi)ed: to Arvida,
Quebec; ;leiere it isvnirnprvoved by fi,otatiqnand used in alufnihqm"
produétion; e |
: In 19‘56; a yeai* of full-scale operation, the two .NQW“T._-,_:,;:.
foundiand pﬁ:bdugﬁefs" Shipped. 139, 801. tons 'o.f .fluo:;séar :°-°n¢~¢n.-t_.r§t_g ’;
av‘eragin‘g aBo_ut 75 pefcent‘(jaF'z.' A/hig_he'r—-gravc‘le ’p}jé:dqct could be
produced with, existing facilities, aithdugh the tonnag_é wog‘ld‘,be ,ngl,_rng,—,_i,
what reduced. {Minin;g presents no seri'm’ls ,difiiqulties, but h‘e,a.\;ryj ;ﬂO'W,S. o
of w‘ater_in the-mines gause operating problems 'and. pumping -ka‘g’cdu,nts;
f@r a large pl;opor(ti.on of the production cost.  There has begﬁ spei'culation
that,the cost of pumplng ma'q‘r lil%nit tlée d4ep<tv;’h;t‘q w hich the New.ﬁoundiaﬂd
fluofspar depésits<can be oéeraiéd. Althguéﬂ water ié certaij'lly a o
serious prvi‘a.blern', ,‘and,its, re'rﬁoval a 'cpnsider;LbIe pax_:i;/o.f ‘qpera’ti'ng cost,
it should Be néted that the Iron Springs _As,h‘a‘.’ft‘_exterids: fo ‘,2‘3. de_pth o.f:901"

feet below surface (861 feet below Se’a;'lev‘el) and the Director shaft to a -
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depth of 600 feet below surface and these mines have produced large
tonnages of fluorspar in spite of water difficulties. Water is 'a problem
but not-a critical one,.

Fluorspar reserves in Newfoundland are not aceurately
known, because both operating companies have adequate resources for
‘the immediate future and present market uncertainties discourage long-
term exploration expenditures. Unofficial estimates have suggested
reserves of between 10 and 20 million tons. Using available data and
the standard geological assumptions that veins will have a depth of at
least half of their horizontal length and that there will be no appreciable
change in mineral content with depth, these estimates appear to have
considerable justification, There is no doubt that thé reserves are
- large and will be adequate for many years..

Occurrences of fluorspar have been found at several other
places in Newfoundland and in Labrador, but none of economic import-
ance is known at present.

Nova Scotia.

Fluorspar associated with barite and calecite occurs in veins
along the east side of L.ake Ainslie and near North Cheticamp, on Cape
Breton Island. Veins up to 10 feet wide occur near Lake Ainslie but
the material is mostly barite with some fluorspar as disseminated
grains and in scattered pods. It has been estimated that the .best

deposits would run about 35 percent CaF,, but on the whole the deposits

2’

are too small to be attractive, Prior to 1939, attempts were made to
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work t.:he,v.eir;s‘, for ,barit;.e', with little guccés‘s. Betweenl1940va‘xnd 1943, -
.abbut 1,500 téﬁs-of fluaorspar concentrate were produced by 'sdreening-
‘and cobBing and were shipped to Canadian steel mills, * Grade is. reported
to have been 60‘ to 65 percent CaF,. The small tonnage, .the low grade,
"é,nd V.the;dif.ficu’ity', in making- c,Alean‘sepa.ra;tions of the .fluor,spa‘r:é,_nd barite -
_have discouraged operations, .except under wartime demands.

Smgll 'oqcurreﬁce s,-_o.fv.fluor'spar havé ll)een‘ reported at a few.
othério’cations inyNova Scotia. |

‘New Brunswick

' 8ix occurrences o.f_f‘lucAorspar have been reported from New
Brunéw{ck.‘ All are small and no;ae -éppeafr,s‘ to have economic potential.
Quei%ec |

o Abéut 20 oqcurrencgs:of-iluéi'spaf ‘have been reported in the
.province of Quebec, but none o:fze'coﬁomi‘c :vﬁlu,e ié knowh. - Most of the.
vdiscofreriés'hax},é-been made in a narrow band north of the Ottawa River
' betwéen Ottawé and Monf:real.‘ Eigh#een tons of clean-—pickéd fluorspar
grading 92 to 98 percent CaFZ were shipped in 1944 from a property in ’
Pontiac couﬁty« to Dominion :Ma-gnesium Limited,: This shipment
Aéonstitutéfst the- tdtal production of .flﬁor spar in Quebec.

Ontario o

A large nurhber of fluors-parv occul;r;ences and deposits have
been .found in Qntario in'a lo‘n‘g ,arcffr,on; Pdrt A]rthu-r, along the north
vshore o.f_Lake Superior tg the léwer Ottawa River; most areogcurrevncevs‘

only, of no economic interest. The Madoe district has had a:failfly
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continuous production since 1905. Small shipments have also been
made from the Wilberforce~-Harcourt area, near Bancroft,

The Madoc area of Ontario has produced about 115, 000
tons of fluorspar since 1905, The individual mines have been small,
and operations have been hampered by lack of ore reserves, capital,
equipment and consistent markets. The highest rates of production
have been achieved during war periods and from 1945 to 1951, During
World War II, the Federal Government made several sméll loans of
funds, whiehiwere nearly completely repaid, to operators in the area,
to encourage fluorspar production at a time when demands wére high
and sgpplies were not adequate. It is significant that the work done
ha,s resulted in the production of more than 90, 000 tons of fluorspar
since 1940.. It appears quite possible thai-: the Madoc area could produce
more fluorspar if there were an incentive to search for it and if funds
were available for exploration and development Work._ It is worth
noting that mining has been limited to shallow depths (250 feet or le ss)
because of heavy water flows, which the small mines did not have the
equipment to control,

Numerous occurrences of fluorspar have been found in the
Wilberforce-Harcourt area. Some shipments of ore have been made,
but none of the properties has been able to reach consistent production
and the possibilities of the area do not appear encouraging. The
occurrences found to date have consisted of small veins and zones

carrying disseminated fluorspar, sometimes with low uranium values.

The area is of interest but cannot be considered promising at the present

time.
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‘ It is of interest to note that north of Lake Superior and on ..

the long a:rc referred to above, an area near 'Ch)apleau contains.large .-

' bédies of alkaline rocks in which deposits of'magne"tite-hapa".tit‘:e have

.‘been( found. These deposits‘also contain small amounts of piobium and

liranium, ‘and fluorine in the form of the CaF radical in apatite. Tests.

have indicated that iron and.apatite could be recovered from one deposit

by large~scale operations, and on such a scale the minor constituents, -

such as niobium, uranjum and fluorine, might also be recovered. ~There
are thus two possibilities in the area, that of finding economic deposits

of fluorspar and that of by~product fluorine recovery.from an iromn.

| apatite plant.

! )

Mani.toba, ‘Saskatchewan and Alberta - .. .

"There appears tqz»bev',little‘chanAce of fluorspar deposits being
found in the sédimentary and soil-covered areas of the prairies, and no

occurrences have been reported from the Precambrian areas of these"

provinces,

British Columbia &

" Three larg’e‘ deposits of fluorspar hav;'e been found in B-ritish""-
Colﬁmbia, anvd 6n¢ of th’em“,‘(the Rock C'andy,-‘ has"producéd COxllls'iAd‘erablev
amounts of fluorspar. -

The“R‘ock Candy'frnine", ‘owned by The Cénsolidat;ad Mi'ning"'and
Smelting Cofnbé'ny of Caﬁada Liniifeci, is located near Grand Ff'o‘rk‘sri,

BritishColumbia', just north of the iﬁtérnational(bouﬂdaljy; ‘The deposit

was discovered in 1916 and it ‘p‘r'co’dl"i.ced iﬁt’erfnittfé_ntly from 1918 to 1942
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Data available indicate that production totalled mo,revthan_42‘, 000 tons
of fluorspar concentrate. Consolidated Mining and Smelting no longer
requires fluorspar at Trail, since it uses, instead, by~product fluorine
recovered from the treatment of phosphate rock in its fertilizer plants,

The Rock Candy deposit occurs in a large body of syenite of
Tertiary age, and is in the form of a zone of veins over widths up to 45
feet. The orebody is known to be 550 feet long, and has a vertical depth
of at least 450 feet as indicated by surface exposures on a slope and by
underground work., The mineralized zone is lengthy and may possibly
contain other deposits of fluorspar., Minerals in the zone, in order of
abundance, are: fluorspar, barite, chert, quartz, calcite, pyrite, and
kaolin. No figures on the percentage of fluorspar are available, but
from the production record it is e\/;ident that the average grade is satis-
factory., Enginéers who have examined the deposit believe that large
reserves remain. This deposit could probably produce a satisfactory
grade of fluorspar on. short notice if it were in the interest of the
company to resume production,

An occurrence of fluorspar near Birch Island, British
Columbia, has been known for many years and recently was further
investigated when it was found to have associated uranium, Rexspar
Minerals and Chemicals Limited tested the property and attempted to
develop it as an uranium producer, with the possibility of recovering
fluorspar at a later date, The fluorspar is disseminated and recovery
is not simple. Also, the deposits containing the most uranium do not

contain the best concentrations of fluorspar, Although a considerable
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’tonna'vg'e;ij..f fluor spai; has 'Be'én .f'duxid","'th‘é:fé?laﬁi\relflo'\fr&”‘g;a’de'ai’r’iid"vthéf“‘.
treag‘méﬁtl problems make a ;ﬁzi‘bfitabléz% opfer’a:tign difficult, " Recent ' '
fepo’i'fs étaée (;'P1ai:"‘h'pro/d\icfio’n would be by 'bpeﬁ'ii)it' methods. = R SN
| 'Nu'mero’uﬁs’o'écurréné‘é'é of fluo‘i"s’péir, '\ivithélx;it'e' é‘hd‘zbya'."lji‘t‘é' -
‘were found near Lower Liai'd Crés'siﬁg in nk')xi"thé‘rri. B‘;'it"is'h’(:jqilur'nbia'.v '
several Yéa{f's;'."ag.q.' K LAAi'n'riiteci. expl'oratiﬁn 'W;)rk'ByV'Coﬁ\’ive’st \,Ex‘ploi:'atio’;m
o Comf)ar'iy'lv_".i’.mit:e.drhas ‘sho"wn'.th‘.a;t» vth}e 3minefélliéatiéh is extensive and
‘has indiéated ‘se%feral large deposits. - However; the remote lo;:a’tibr:l"' ,-
and the ‘high tranépo”ftatio’n“c‘o sté rriake deVeIo‘pm‘eﬁt unattractive: at e
pfeséht. From the limited information available, ‘the oécurrences’

‘ appeaf to be iﬁtéfe’ s’ting and unusual as compared with Othgr .‘Cé,nadi'a’fn' :
 . fluorépa,r'dépo s‘ikt’s‘. Fluor spa"r ‘.is found in'a: roighly };or‘iz'o'nta,l laifer," -
close té the s'uvrfa"c'e,’v iri'é,h ar'e'a {-Of‘ 5éedi}n’enta;fylr0(’:ké. “Hot 'springs
':;Lrel .fc)unci‘ in tlﬁs district, 'and:fhe, dé?ci‘iptio;rl of the 'Id:epo‘s'its-‘mak'(’aé
therr}"'se'em ‘,\‘rery"simifla;r té'extéxisive', -fié't-slyin'g de;ﬁolsits 'fi'o1;n which'
la,rge;tbm’lag"e{s of ore are beiggi'vobfained" in ’Meﬁcigﬁq.‘ "'The limi"tiev’(‘i" and "
scattered eixpcésurés of ore available for study hva"{relifndicatéd fha’t o
4s‘atisfactc'):ry-gl;ade‘lrﬁ#terial J.s pre sent’,*ahd ’that'fiuor spar minera.l-— '
'i‘z,at'“ion’ :oc‘é{lrs' o'vgr% alarge 'areé'. ,l]'?fe].imii;ary'eStimatés J;.n'diéa;te~ a
"A'largtert’onn'ager,'l’as;;grhikng that the 6re'ies continious be;cween ’chen’i)resérit’
exposure s At the preAs'é;'xt itiﬁe a deposit at thiS»‘loéatiOﬁ"C';()uld hot

be ope'i-ated profitably, but it will undoubtedly. become important whéﬁ o

. fluorspar prices increase and transportation improves. - -
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Yukon, Northwest Territories and Arctic

Several occurrences of fluorspar have been reported from
the Yukon and a few from the Northwest Territories, No major deposits
have been found. Because of geography, only an exceptional occurrence,
for example one similar to the Greenland cryolite body, would be of

interest at the present time.
CONCLUSIONS

A study of the occurrences, characteristics and uses of
fluorspar shows that it is an unusual and valuable mineral, Its unique
properties make it necessary as a flux for steel and ceramics,
esgential in the electrolyte for the manufacture of alﬁminum, and the
vital raw material for the fluorine.chernical industry, On the basis of
developments dﬁring the past ten years, it is apparent that fluorine
chemicals will become important industrially and economically. Their
wide range of uses, both as inert materials to contain active and
corrosive chemicals and as highly active chemicals in metallurgical
and chemical processes; makes them key factors in modern chemical
research and industrial development,

Fluorspar is not a scarce mineral, and world reserves are
believed to be adequate, but at present many of the producigg areas are
not close to the main consuming areas. This fact is important, since
fluorspar is a heavy mineral with a high weight~to-value ratio. It is
particularly noteworthy that both the United States and the U,S.S.R.,

the largest consumers, must rely on large-scale imports to satisfy
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their. requir‘ernénts;
The highily ixyldus;tria«lize'c_i' nations are the main- cohsﬁmérvs‘ of o

- 'fl'uo'r.s'par‘, a;hd"’.c'onsur‘nptionis expected to"inc'rea/é;{a‘ ste‘adﬂy as steel
and alumi\nu;n: output éxpancis. In:addition, it is expected trhat~1arge L
tonpéges of high—érade’ q'onc':entré.te'-will be réquir‘edzt“q"Satisfy the
rapidly expanding .flp.orine chemical industry. 4f'The se’f combir?ediﬁci’-ea‘;se's -
wili be difficult (orv;ir’npossiblé'to satis.f}’r'-fromv;;rvesent source’sy; hence
production will hav-e to be ex‘panded4at thes'ev V.séu'r ces, and new ones
rﬁust bé found and' bxought_‘ f‘o pfdduction. It tﬁus app‘ea?s 1ikély thét ‘
~ the pri(’:e é.f fluorspar will »in‘c-reaséé,nd'”tha;’t reﬁ’eﬁe‘d- jé_.fforté'wiil be - -
made to recéver flﬁdl;ine f‘ro.m ?pho,‘sphaAte rocl_c‘lﬂih‘ 'thé Uﬁitéd St‘atesi.'
Efforts are also béihg: made in the United 'Sta'.tes_to recover more .
flﬁorspar froﬁl low~grade de':'i)osits by irrylpyroveci-nﬁning and milling
Iﬁéthod’s'. ,. L e o

L ‘:T1’1e incir'easing impdrtance«. and the rising value of fluorspar-
suggest that knoﬁm occurrengies Shoﬁlci be 'e;/aluat'ed and an acti‘ve'.v
‘search I‘nadefl,’f,oyl;.new deposits.. Produce?s s'héuld be encéura’ged to
sﬁpply ;:on'centrate suitable for fluorine'_’cherﬁicé,l. frﬁanu.facturingr, and -
c’hemic'al corﬁpanieséhould be urged to 'exploi'éthé marketxopportu'niti‘e‘s"
iﬁ this indusfry.

Substantial ciéﬁosité Q.f'.fluoi-spafi- are known in Canada,

particﬁ-lar,ly inﬁNewfoundiand an'd’ in‘vaitish Columbia, and-Wide‘sprgaci :
minor océ’urvren\ces in Ontario and elsewhere sug’éest tha,t new dep'osit's

“may be found,
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