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4 methed for the preducticn of phogphoric aeid from
low grade, unwashed phesphate rock by leaching witﬁ sulfurie
acid was develcped. Determuinaticns were made of the effects
upon the acid~rock reamcticn of impurlities in the rock, temrera-
ture of reaction, concentration ¢f acids, amount of acid for
complete reactlion, and pre~treatment of rocke A phesphorie
acid of 25 per cent strength was obtalned.

Yethods are descrlbed for the production of sodium
phosphate by fusing or leaching phosphate rcek with sodium
carbonate, sodium hydroxide, sodium chloride, and sodium
sulfate.

Defluorinaticn of phosphate yrock is performed by
treating pheaphate rock with sulfur at elevated temperaturess
A deflucrinated phosphate rcck eoentaining less than cone per

cont flucrine is then cbtained.
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Phosphate rock is classified as high, medium, cor low
grade, depending cn Lits phosphorus contents High grade phos-
rhate rcck contains at least 32 per cent Pg0g (phosphorus
pentoxide) and 1s used for the preduction of high grade phos-
phate fertiligzers (1), and pheosphorie acid by the wet process
(2,3). Vedlum grade rook contains 20 te 30 per cent FpOg and
is uged for the produetion of phosphorie acld and phosphate
chenicals by the electric (4) and blast-furnace processes (5),
ag well as for the preductlicen ¢f phesphate fertilizers. Fhos-
rhate rcek containing less than 20 per cent Fglg is classifled
as low grade rock, and as yet has not been put to any cormer-
clal use.

It 1s usually necessary to beneficiate cr up=grade
the raw rock by elther flotatlon or water wasghing te obtain
the phosphorous content necessary for commercial uses The
phogphate rcck found in Flerlda and the Western stabtes can be
beneficiated by flotaticn. This is not the case with the
Ternessee phosphate rock. For the mogt part Tennesses rogk
can only be upwgraded by water vashiﬁg.

From a technlcal standpeint, cne of the most imporw
tant and ene of the mest difficult of the problems facing the
phosphate industry 1s the recovery or eliminatien of the large
quantities of phosphates which are now lost during the mining
and preparaticn of Tennessee p&esphate recek for commerclal use.
These lcsses result, essentlally, from the inabllity to mechani-~

cally separate the phosphate particles from the undesirable



impurities such as silliecn, iren, and aluminum compcunds (6).

Of equal importance 1s the utilization cf low grade
rhesphate rock to replenish the decreasing deposits of phoa=
phate rock cf a high quality. This depletion of high quallty
phosphate roek ls particularly ncticeasble Iin the Tennesgsgee |
depogitse

The phosphate reserves ©of the Unlted States are
13,286,700,000 long tons (7), or 51 per cent of the world's
total. The rock mined in the United States in recent years,
as shown in Table I (8) showa large increases in tonnage mined

during the past few yearss

TABLE I. PHCSPRATE BCCK L INED IN THE UNITED STATES (LO¥G TCNS)

Year Florida Tennesses Western States Total

1934 2,464,969 394,311 38,958 2,898,238
1941 2,417,900 1,301,067 201,376 4,920,843
1943 5,274,266 1,868,407 227,294 5,369,087
1945 5,814,935 1,260,840 323,955 5,399,739

This rate of mining does neot seem cause for alarm
when the reserves are congidered, but mining of Tennessee
phogphate rock is decreasing. This decrease is a result eof
the depletion of high quality rock.

For most treatmenta of Tennessee phosphate rock, it
ls usually necessary to up-grade the mined roek by washing, to

obtain the phcospherus content required. Thls washing cperation,



while inereasing the per cent phosphorus, results In the lcss
cf 50 per cent of the phosphorus fcund in the original rocka
The phosphorus earried coff with the wash water is in the form
¢f a collelidal suspension, and as such also pregents a serious
dispogsal probleme

It is the purpcse of thls work to utilize low grade,
uvnwashed phosphate rock for the produetion of phosphoriec acid
and phosphate chemicalss The work slso includes the treat-
ment of phesphate rock to yleld a preduet sultable for a
cattle foode

The bulk of ph&aphate rcok 1s used for the produc~
tion of phosphate fertilizer. Beling a material invelving
large quantities c¢f low unit value, fertiliger has lts econonle
feasibility dependent upon raw materlal costs. With low grade
phoaphate rock, it 1s not ecconeomigally practieal tc manufacture
a fertilizger to compete with a fertiliger made from higher
grade rock; eonsequently, low grade rock must be used for
nanufacture of produsts other than fertiligers. Greater
margln 1s provided between selling price and manufacturing
costs in the phosphate chemilcal filelds Thisg fiseld coffers a

prasible means of utilizing poor grades of phosphate rocke
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Phosphorus was first isclated by e German alchemist,
Brandt (9), in 1669, by éiatilh&tien of urine. It was gi#en
the name "phoaphcrus mirabilis", (¥iraculous bearer of light)
by the early alchemists (10). Gahn (11) dlsccvered the existe
ence of calclium phosphate in bones, but it was not until 1771,
when Scheele published thilg Infermatlen, that phegphorus was
cbtained from bone ~ashe

Fhosphorie acld was prcduced by Readman and co-
workers in 1888 by an electric process (11), which was the
fererunner ¢f the present day electrle furnace process.
Feadman, in 1890, alsc prepared phuephorie acid by treating
bone-ash with sulfuric aclde

Until 1820, all of the rhosphorlie acid produced
cemmercially was by the wet (sulfuric acid) method (12)}. The
electric furnace process for pheosphoric scld preduction was a
result of extensive experimental work carried on by the U. S.
Bureau of Scils (13,14), and was develcped on a commercial
scale by the Federal Phosphorus Company (6} in 1620 and 1%21.
Worlk carried cn by the Us. 8. Bureau of Scils was also Instru-
mental in the development ¢f the blast furnace method cf phos-
vhoric acid producticon (15}, The firgt commercial blast furnace
was built by the Vietor Chemical Works in 1928,

The wst method of phogphorie aeid preduction was
renovated in 1936 by the introduction of the "Dorr-Strong Acid
Precess” (16). THecent develeopnents by the Terressee Valley

Autheority (5) on the blast furrace process has enabled this



process toc compete with the electrio furnace process sc that
currently there are threé methods - wet, blast furnace, and

elsctric furnace, emplecyed for the prcducticn ¢f phesphorle

acid.

In the wet methed (17) for procducing phospherie acld,
phosphate rcek containing 30-36 per cent Pslg, and relatively
small amcunts of ircn, aluminum, and silica is used. The rock
1s ground wet wilth weak pheospheorie acid, and €0-65C Be'! sul-
furpic acld 1s added as make-up mcld for full acidulation at
higher aeld strengths. The sulfurie acld concentraticn in the
mlx is 30-35° Bels Finely ground limestcne 1s added to pre-
clpltate the iron and aluminum lmpurities as th& rhogphates.
The precipitated impurities and the unreacted rocck are removed
by means ¢f an Cliver fllter. The flltered phosphoric acid is
then passed to evapcrators where the acld ls coencentrated to
45=-50 per cent phoegpheric acids The weak phospheric acid which
results from washing the fllter cake 1s used to mix with the
phoaphate rcock beling ground and passes through the complete
cycle againe This results in bullding up the concentration cof
phospherie acid obtained from the sulfuric aclid~phesphate rock
reactions

The pfinciple employed in the electric furnace process
fer the preoduction ¢f phespheriec acld fs reducticn of the pheae
phate rock follcwed by the velatilization of elemental phog-
phorus, oxlidatlcn of the phosphorus, and subsequent hydration

to ferm phesphorice acid (5)e The phosphate rock used in the



process ocntains between 24 and 32 per cent PpOge The rock ls
sintersed cr nodullged te.faeilitats the egeape cof phosphofus
vapers (17). The sintered, ¢r ncdullged, reck ls charged into
the furrace with ccke and ailiéa sands, As the charge descends
in the furnace shaft It 1s fused and the reduced phosphorus
vaporiged, carben moncxide also belng liberated. Alr 1s passed
in with the gases and the phegphorus oxidiged tc Pplgs The
Fg0gs 1s hydrated to produce an 85 per cent phosphoric aecld.

An slternative method used with thls process is to
ccol the gases ceming out of the furnace and collect the eon~-
densed phosphorus under water. This pemmits the carben menoxide
to be recovered and used as & fuel gam. The ccndensed phos~
phorus ean be scld as such or cxldiged to Fgoly and hydrated to
phespheric acid. A by-product of the electric furnsce is ferro-
pheosphorus which 1g drawn of f with the slage The slag itself
can be used asg aggregate for rcad cengtruction or in concrete.

4s In the electriec furnace procese, the blast furnsace
progess 1s based on the volatillzation of elemental phosphoruse
This prccess uses phesphate rcek ecntaining 22 teo 32 per cent
Pglg; the process actualiy favering the rock having the lower
FoOg content (5). In this precess the rock is pulverized and
mlixed with grouﬁa coke. This mixture is compressed into bri-
guettes (17). The bri@éettea aere dumped inte the top of the
furnasce along with gilica. Hot air is passed intc the furnace
and "blast furnace gas™ containing elemental phoaphorus and

earben monoxide 1s liberated. This gas 1s passed through



eyclone gseparatcrs to remcve any dust material that might be
entrained. The blast furnace gas is then ignited to form COp
and Fg0s and the heat of combusticniis used in the hct blast
stoves to produce hot blast air. The o0 1s converted direotly
te 85 per cent phosphoric acid. A valuable by-product from
this proeess is ferreophcsphorus which passes out with the slag.

Recent work done by ths Tennessee Valley Autheority
cn the blast furnace process has sliminated the briquetting of
the phosphate rock and ccke. The Tennessee Valley Authority
has algc developed a methaod of'brefarontially oxldiging the
blast furnace gas (phesphorus and carben monoxide) so that all
¢f the phosphorus 1s converted to rglg and practically ncne of
the carbon monoxide is eoxidiged. This allows the carboen
menoxide to be used as a fuel gase. It 1s expected that this
development will re juvenate the blast furnace prccess.

Typical analyses of the phosphate rocks used In the
wet (3}, electric furnace (18), ard blast furnace processes
{(5) are shown in Table II.

Table II1 (7) gives the raw material, power, and
laboer requirements of thg three different metheds of phosphorie
acld preductions It should be ncted that these requirements
are based on a resultant pheosphorliec acld strength of 46.5 per
cent for the wet process, 85 per cent for the electric furnace,
and 100 per cent {or the blast furnace. From these tables it
can be seen that the twc furnace processes not only use a lower
quality rcck than the wet proecesa but alsc yield a highly pure
products A factor In faver of the wet prceoess is the mmall



cyclone separators to remove any dust material that might be
entrained. The blaat fu:nace gas 13 then ignited to form COg
and PpOg ard the haatrofAcombuation is used in the hot blést
stoves to produce hot blast alr. The Pplg 1s converted directly
to 85 per cent phospheric acide A valuable by=-product from

this prcoceess 1s ferrophosphorus whleh passes cut with the slage.

Recent work done by the Tennessee Valley Authority
on the blast furnace process hasg eliminated the briquetting of
the phosghate rock and ecke. The Ternnessee Valley Authority
has alsc developed a methed of preferentially oxidizing the
blast furnace gas { phosphorus armd carbon menoxide) sc that all
¢f the phosphorus is canverted to Pol0g and prsctically none of
the carbon moncxlde 1s oxldiged. This allows the carben
monocxide te be used as a fuel gas. It 1s expected that this
development will rejuvenate the blasgt furﬁace pPrecesss

Typlcal ammlyses cf the phesphate rceks used in the
wet (3), electric furnace (18), and blast furnace prccesses
(5) are shown in Table II,

Table III (7} glves the raw materiasl, power, and
labor requirements of the three different methcds of phosphoric
acld produections It ahnﬁld be ncoted that these requlirements
are bassd on a product of 100 per cent phosphoric acid.
Strengtha of phdsphoric acld preduced by the wet, electrie
furrace, and blast furnace are 46.5, 85 and 100 per cent,
respectively. From these tables it can be seen that the
twe furnace processes nct only use a lecwer quality rock than
the wet process but alsc yield a highly pure preductes An

important factor in faver of the wet process 1s the small
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TABLE II. ANALYSIS (F PHCSFHATE RCCK USED IN HxPCq YRODUCTICH

Components Prﬁ:ts . EleegﬁiceiwmeeF ) Bla;t
@y o (Hid RS (5] o0
Fp0s5 32,00 ‘ 3143 25 60
Ca0 44.20 45.4 36470
Fep0z 0453 1.8 3460
Al203 1425 1.8 8,430
810p | 5460 10.2 18400
Ty 1.10 545 2435
Veolatlles 7«20 246 1.00

Cthers Bel2 - -



TABLE III. RAW MATERIALS, PCWEF, AED LABCPF TEQUIFENEXNTS F(R

HzPO4 FRCDUCTICK FER TCN CF 100% HzPO4

Strength of Acid (%)
Fhogphate Rock (lbs.)
Sulfuric Acld (1lbe.)
Water (galse)

Steam {1lbass)
Electrieclty {kw-hr.)
Direct Labor (man hrs.)
Siliea Rook (lbsa)

Coke (1lbs.)

Alr {cue fte)

(a) 32% Pa0g
(v) 27% Pg0s
(c¢) Chiefly for ccoling

Wet Proeess

46.5
5,056(a)
4,190

16,130(¢)
1,678
112.9
1.7

(d) For Cottrell precipitators oenly

Electric
Furnace
Procens
85
4,670(a)

4,060

0uB-1412

1,493
880

-y

Blast
Furnace
Process

100

6,000(b)

75,0C0
4(d)
2e4q

1,500

7,000

450,000

11
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initial cost of the equipment and cheapness of raw materials.
Alsc, only small power or fuel requirements are nseded. The
eccnomic feagibility cof the electrie furnace process depends
on a cheap scurce of electricitys This is not the case with
the blaat furnace methcd but it requires relatively large
ameounts of ecke and water.

Cf the phosphate chemiocals produced for chemlical use,
trisodium pheosphate is the mest impertant (19)e. The industrial
importance cf triscdlium phoaphgte is due in part tc lts pro=-
perties ¢f hydrolysing 1. & water scluticn teo give a high pH
sclution well buffered agalnst neutrﬁliaatien ard 1ts abllity
to easily form soft and granular preciplitates with heavy metal
icns, such as magresium, lron, aluminum, and calciume. Because
of these properties, trisocdlum pheasphate has been used exten-
slvely as a water scftener (17).

Intensive research during the past decade con the
alkall metal salts of the varlious phesphoric acldes has resulted
in the development ¢f new and eccmmercially useful sodium phos~
phate salts (20}« Cf the sodium phosphates recently developed,
gcdlum mwetaphosphate, scdium tripelyphosphate, scdium pyro-
phesphate, ard sedlum orthophosphate are of the mest importance
industrially. The Hall Iaboratcries (21) have been instrumental
in the adaptation cf these salts for water conditioners.

Many grazing ranges in the United 3tates are so
depleted of avalilable phosphorus that cattle grazing on these

ranges have a phespherus defleleney. As a supplemental source
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of phosphorus, deflucrinated phosphate rock has been found very
satlsfactery (22). Because of the toxieity of fluorine, it is
necessary that ites presence in phosphatlie materials used as
cattle food be less than foure-tenths of one per cent,

Fox and his asscciates (23) removed 80 to 99 per cent
of the fluorine present in superphoaphate by heating fer a
comparatively short pericd of time at 600°C or above. The
resultant tricelelium phosphate compared favorably with bone
meal as mineral supplement for cattle feed.

Blmore (24) claims total removal of fluorine froam
pﬁaaphate rock by fusing at tempsratures of 1600°¢C, Fhesphate
rock has been 95 per cent deflucrinated by werkers at TeV.A.
(25) by heating the rock until molten, usually to 1450-1600°C,
e mention 1g found anywhere In the literasture of deflucrination
cof phosphate roek at temperatures belew 1000°C,

The prominent role played by the Tennessee Valley
Authority in the development of the phosphorle acid and phosw
phate Industry warrants speclal mention in a review of the
higtery of this Industrye References tc werk dene by the T.V.As
appear throughout this section. The T.V.A. has performed, and
is performing, a great number of experiments at the pllot plant
level which have, and will, help the phosphate industry as a
whole (26-30),

These briefly-mentioned developrmentas and processes cof
the phesphate industry do not, of course, include all of the
activities of the Industrye They dc serve, however, to show

the current trend of the phesphate industrye.
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Tenmsagee phosphate rcek cccurs for the mest part in
Siluriar and Devenian strata. Hest of the reck 1s found in the
Silurian gtrata and In the trarsitlon strata between the twce.
The brewn rock lies in strata fomatlcen with laysrs of clay and
earth overburden (31). Fhesphate rock is an apatite cre "which
may be cf organlic crigin but the mcre extensive bedded depcsits
probably repreaent chemical precipitates of marine c¢rigin and
variable purlty. TKesldual depcsits have been formed by phos~
rhatle limestcre being leached of their lime carbonate” (32).

The reacticn of a;atifﬁ with sulfuric acid, depending
on the amount of sulfuric acid used, carn yleld menocaleium phos-
phate, dlealelum pheosphate, and phogpheriec acld, together with
calelur sulfate arnd unreacted calcium flucride. The raactions
can be written as fellows:

Ca¥Fg + 3Caz(PO4lg + 3HpS04 w 6CaHPOy + 3CaS04 + CaFeo

6CaHPOg + 3HgSO4 = 3Ca(HoPO4)g + 3CaSOg

Ca{HpPO4)g + HpS04 = 2HzPO4 + 3CaSO04

CaFg + HpS04 = HoFo + CaS04

With an excess amcunt of sulfurie acid, all phogphates
will cerwert in time to phﬁspharic acid sc that the reacticn of
apatite with excess gulfuric acld can be wrlitten approximately
as: »

Caz{FOg4)p + BHpSO4 = 3CaS04 + 2HzPO4
With less than the required amcunt of sulfuric acid, a mixture
¢f CalFO4, Ca(iigPOg)p, and HzPl4 1s possible.

In & phcgphate«bearing rcek thevre are cther consghitu-

ents, described as lmpurltles, besides apatite which will react
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with the sulfuriec acid or ctherwise affect the reactlien. VYore-
meost amcng these impurltlies are ircn, aluminum, sillcen, and
calecium (as the carbemate)e Iren and aluminum cempeounds may
react with sulfurle aeid tc produece scluble sulfates. Silieccn,
as gllica, for the moat part dees not react with sulfuric acid.
Calcium carbecnate fcorms inscluble calclum sulfats when acted
upon by sulfuric acid,

From the fcregeling, it can be seen that the phosphorie
acid produced by the wet prccess must be treated to remcve ircn
and aluminum impurities before a firal precduct can be cobtainred.
A slight reduction in the mcidlty o¢f the phosphorle acid favors
the precipitatiocn of ferrcus Iron and sluminum as the phog~
rhates. The removal of ferrous lren and of aluminum results in
the logs o twoethlrds ¢f arn atomle welght o phesphorus, cor
two atomie welghts, depending on the precipltate form, for
every atomle weight of ferrcus lroen and one atomlo welght of
phosphorus for every atomic weight of aluminum present as
impurities. PFerric iren forms scluble eomplexes in the presence
¢of excess phosphoric acid, and cannot be remeved In this menrers
Bffectively, for every atomic weight o ferric iren present in
sclution one atomlie welight o¢f phespherus is tiled up. The above
is shown In the following slmplified equaticns:

3FeS04 + 2Hz3PO4 w Fez(FO4)o 4 3HpS04

FeS04 + 2HazP04 =z Fe(HgPOu)o + HpS04

810(804)3 + 2HzPO4 = 241P04 + 3HpS504

Feo(S04)z + 2HzPOy = 2FePOy + 3HoS0,
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The above reactions take place as the pH of the sclu=-
tiocn is raised. The iron phosphate has been observed to
preeipitata et a pH as low as 2+« The aluminum phogphate begins
to precipitate at a sllghtly higher pH.

There 1s reascn tc believe that calecination of phoge
rhate rock tends tc suppress ¢ & certaln extent the formation
¢f a soluble iron cor aluminum phosphate, without affecting the
cerwersion of ecaleium phosphate tc phrepherie acids Such calw
cination would result in the formaticn ¢f lren and sluminum
compounds relatively inert when acted upon by sulfuric acid.

The stolehiometric or thecretical amount of sulfurle
acid fer acldulation is a fletiticus value, based on the amount
cf sulfuric escid reguired to resct with the caleclum, ircn, and
aluminum oxides in the rccke This value, however, is very use-
ful as & basis on which to report results. The need for such
a bapls car readily be seen when 1t ls realiged that the phos-
phate in the rock lg present not only as ealclium phesphate but
alsc as the iron and aluminum phosphates.

Fhoaphate rceclt ean be deflucrirated by heating untll
a molten stage is reached (1450°C.). Phosphate rock containing
high percerntages of iron and aluminum oxide (10%) along with
gllica can be deflucrinated most sasily, mas these materials act
as fluxing agents (25)+ Yaximum deflucrination is cbtalned at
a sillca=lime ratic of O0.38. As the sllica~lime ratic increases
above 0,38, the thilckness of the grust on the melt lincreases,

decreasing efficiency of deflucrination. 4 furnace atmosphere



18
cf nitrogen and water vapcr only is essentlial for geod deflucri-
natione. at a temperaturg of 1500°C the per cent of water vaper

in the furnace atmcspheres between 2 and 40 per cenrt has very

little effect on deflucrinatlicn. At a temperature cof 1600°C

this is not the case« The per cent fluorine remowed increases
as per cent water vapor in atmoesphere increases.

Working with 5 to 40 gram charges of phesphate rcok,
heated In platinum-rhedium beats in a high temperature tube
furnace, Elmore, Hulfman, and Welfl deoveleoped the following
general equaticns to describe defluorination of phosphate rcek
as a reslistance phencmena:

1 _0.988d | C.35942

Where % s tctal resistance tc deflucrinatlion,
d = depth of charge in cm.,
¥ and D z cenatante for a glven compesiticn at con-

astant temperature ard conditions in the
furnace atmosphers,

§£§§§é = reslistance to deflucrination at the surface,

{

O .Ssgdg 3 3
= reslstance to deflucrirmtion due to diffu~
gicn In the melt.

Deflucrinatiocn of phosphate rock can be cbtalned by
the passage of steam and sulfur dioxide gas cver the rock
during calcinatione The sulfur dioxide probably displaces the
flucerine In the flucrapatite and the presence ¢f steam results
in the fomaticn of hydrogen flucride. The hydrogen flucride,
regardless of the sweeplng acticn of the gas stream would react

with the silica in the rocck tc focrm silicorn tetraflucrides. The
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probable remections taking place at 1000°C are ashown in the
following simplified‘equgtiona: '
CaFg ¢ Hp0 + 302 = CaS03 + 2HF
4HF + S102 = SiFg + 2HRO
In this methed of defluerination of phosphate rock,
ag in pfactically all of the cther metheds, tricalclium phesphate
is fermed, which is a scurce cf readily avallable phespherus.
Trisodium phosphate, NazrO4, is the most widely used
compound of the phesphates. Its methed of preparation 1s
carried out In two steps. Scdium earbonate is treated wilth
phosphorie acid tc yleld dlscdium phosphate. The discdium
rhosphate is treated with sodlum hydrcxide to give triscdium
phosphate. These reactlions are shown In the fecllewing equaticns:
lagCOz + HaFO4 = YapHPOy4 + COg + HoO
NagHPO4 + YaOH = WagPO4 + HpO
Propesed processes for trisocdlium phosphste manufacture
include a thermal one, in which soda ash c¢r caustic soda ia
fuged with apatite; and alse a wet process, in which finely
ground apatite ls llixiviated with caustic liquorse. Triscdium
phesphate has also been éroduceﬁ by sintering, in a rotary kiln,
a mixturs of finely ground ferrcophosphorus and scda ash in the
presence of air. The soluble trisodium phosphate is removed
from the sinter by leaching with water.
Sodium salts of meta- and pyrophosphoric acld have
been produced and fer the most part ean be locked upcen as

molecularly dehydrated forme of the scdlum orthophosphatess
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Sodium metapheosphate can be prepared by any one of
the following reacticns:
¥aHgoPC4 + Heat = IarOz + Hp0
KazPO4 + rpls = 3NafbOg
RaCl + 0Oz = NaPOz + HC1
Sedium pyrcphosphate is prepared by heating discdlum
phesphate as shewn In the followling reactlion:
SlaglPCs + Heat = NagPg07 4+ HpO
Converting the phosphates present in phesphate roeck
to phosphates of sodium would result in a method of easlly

extracting phesphorus from the rocke
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| The purpose c¢f the experimental work perfcrmed as par
of this investigaticn 1s the reclamation of phosphcrus from
unwashed, low grade phesphate rcocke Methods for the preduction
of phesphorlic acld, phosphate chemicals, and deflucrinated
phesphate rock are devélcyed.

The phosphate roek used in this investigation 1s a
Tennessee brown reck whieh has been ground to a fineness of
minue 100 meshe The rcek recelved neo treatment after being
mired, other than that of drying and grimding, and was obtained
at Ridley, Tennessee. Thls rovek ig ldentifled as "MNo. 20 Rook™
its analysis 1s given in Table IV, In this table 1s alsc gilven
the sulfuriec acld requirements based con the amounts cf calecium,
iren, and aluminum oxide present. The "stolchicmetric" or
"theoretical” amounts of sulfuric acld required tc give com=
plete reactlion 1s ghown 88 77.25 grams per 100 grams of roock.

Twe methcds, "volumetrile® and speetrophotometrie,
were employed focr phospherus s&ralysise. In moat instances,
analyses wers made by both methodse. Designation is made In
the presentation ¢f the data as to the methcds used.

The volumetrie procedure consliasts essentlially of
first preciplitating the dlssolved phosphates as anmonium phog=-
phomolybdate, after whilch the precipitate is dissclved in a
standard caustic sclution. The excess caustle 1s then titrated
with a standard acld scluticns The phosphorus percentage,
reported as P05, 18 calculated from the volumes of standard

sclution used. 4 complete detalled descripticn of this method
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TABLE 1I¥. AFALYSIS CF PHCSITATE F(CK NC. 20

A. Rock Analysis:*

Wet Basis (7 Dry Basis (%)

Kolsture 1451 -

Igniticn lcas 5431 5.39
ca0 19415 19.48
FgOp** 15450 15475
Feolgz 9475 390
AlpOgz 8.83 G406
F 1.62 1.68
Acid Inscluble (S810p) 38410 38.64
Total 99.87 £9.87

# As anmlyzed basis
#¥ Velumetrio methed

23

Be Sulfuriec Acid Requirements for Fhecspheric Acid for 100 Grams

Roek, 1.51% Koisture:

Constltuents HpS804 Required {(g.)
Ca0 | 33460
Alo0gz 25470
Feg0g 17495
Total 7725

Ce Preximate Rock Analysis (Dry Basis):

CaCog
Apatite

AlFOg4

AlgOz#®

FegQz%* :

Acid Insoluble (2i0p)

Total

# Combined as sillicates

Fer Cent

11.93%
2361
11.86
4 .08
0490
38.65

100.00
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may be found in "Official and Tentative Metheds of Analysis of
the Associaticn of Grfieial Agriocultural Chemigta®™ (33).

In the spectrophotometric method, the sample to be
analyzed 1s dissclved ard reacted with a sclution eontaining
sodium molybdate and hydrazine sulfate toc fcrm heterepoly come
plex ecmpounds of pheospheruse The heteropcly complex compounds
are reduced, resulting In a blue~cclered sclutione The trans-
mit taney ¢f the aclutlon was determined in a Beckman ¥edel DU
spectrophotemeter. From the per cent of light tranamltted
through the sclution, the per cent of the pheosphorus can be
caloulated (34).

The methed used to analyze fcr iron and aluminum is
completely described Iin "Cormercial MNethceds of Analysis™ by
Snell and Biffen (35). The methcd ctneists essentlally cof
preclipitating iren and aluminum as the phosphate in the presence
cf armenium acetate and acetlec acids The preciplitate is transe~
ferred tc a welpghed crucible and ignited te the pyrcophcsphate
arnd weighed. The pyrophesphates are fused with sodium carbonate
and the melt dissclved in sulfuric acid. This sclution is then
pagsed threcugh a Jones reductor and titrated with standard
potassium permenganates The amount of ircn and aluminum can
then be calculated from the weights of pyrophosphates and the
velume of potassium permanganste used.

The apalyses for flucrine were made by addirg sule-
furic acld and silica to the sample and steam dlstillings
The fluorine ls volatilized as HpoSlFg ard ecllected in the



25

distillate. The distillate is tltrated with s standard therium
nitrate sclutlon, using sirecnium alizarin sulfonate as an
indleatcr. The per cent {lucrine 1s ther calculated from the
ampunt of therlum nitrate used for titraticn (36).

Work on the preoduction eof phespheric acid from pheaw
phate rock was performed by leaching 100 grams of rook wiph
acid. The general procedure follewed in all lsaching runs was
to place the desired amount of acid in a 800 milliliter beaker
and add the welghed amount cof gpek tc the acld with agitaticn.
The mixture was stirred continucusly througheut the run (4
hours} by means of an electric stirr&i- After four hours, the
unreacted rock was filtared of f by vacuum filtration and washed
with water. The unrescted rock was analyzged for phosphorus.
The filtrate {crude phospheric acld) was analyzed for phos=-
phorus, iron, and sluminum.

The first aserles of leachling runs rade were explora-
tery in nature and were made to determine the relative merits
¢f sulfuric and nitric aclds as leaching agents. Runs 101,
102, and 107 were made using & 20 per cent FPplg, unwashed reck
{Noe 2U) as this was the cnly rock available at the time.
Kitric acld was used in runs 101 and 102 and sulfuric acid was
used in runs 107 and 109. The rcock used in run 109 was "No. 20
Roek™ contalning 15.5% PpCse Equivalent amounts of acids were
uged in all cases. In these four rung analyses were only made
fer phospheorus, reported as Po0Oge From the results cbtained,

as shown in Table ¥V, nitric acld offered no advantage over
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TABLE V. EXFLCRATCRY ﬁUK& WITH HITRIC AYD SULFURIC ACID

Aun To.

Roek:

Agld s

Nee

Wte {(gs)

Fa05 (%)

Kind

Conce (%Bel')
Cones (%)

Wte (ge)
Theoretical (%)

P05 Extracted: Grams

%

101

2U
100
20.0
HKROz
2540
3540
33540
100
+ 10480
54.00

102

2v
100
20,0
HXO3
3040
42.0
270.0
100
17.25
B86.20

107

20U
100
20,0
Hp804
22.8
26.0
2690
100
14.45
72425

109

20
100
15.5
Ho804
3540
4143
187.0
100
13.24
85 .50



27

sulfuriec aclds 8ince sulfuric acld was the less expenslve cof
the two, 1t was declded tc use sulfurle acld in all the leaching
runs that followe |

Following the decision to use sulfuriec aecld for
leaching, a series of runs were made te determine the optimum
concentration arnd amount of sulfuric acid tov be used. A review
cf the data tabulated in Table V1 shows variations in the total
amounts {amount in filtrate plus amount of residue} of phose
pherus, iron, and aluminume. After checking and rechecking the
aralysls, it was found that theﬁa variations were dus tc the
nen-uniformity of the rock as uaed. The twe metheds of analysis
used, volumetric and spectrophotometrie, check fairly well In
aralyzing the filtrate. The results obtained by the spectro~
phetometric method are alightly lewer thar by the volumetrie
method, the latter being affected by the large sulfate ccnocen-
tratiens In the residue analysls, a larger varlatlien is
chtained with the twe metheds, the velumetrle methed giving
higher resultss Thig 1s due tc the larger pereentapge of silles
rresent in the regsidues The spectrometric methed isg conslidered
tc be mors accurate gs this method is net subject toc as many
possible scurces of Interference as ils the volumetric method.

Varying the eoncentraticns of acid from 35° to 50°Be!
ard the amounts of acld betweer %0 and 132 per cent of theoretis
cal required had ro appreclable effect on the amount of phos-
phorus remowred from the rccke There was a difference of
approximately 10 per cent in the amcunts of ircn and aluminum

extracteds The amcunt of ircen and alurminum extracted was
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TABLE V1. DETERMIKATICN CF CPTINUY CONCEWTBATICY AYD

ARCURTS CF SULFURIC ACID

Run Ko

Sulfuric Acid:
Cenge (033')
Cence (%)
Wte (go}
Theors (%}

Wte of Residue (g)

Filtrate: Vols (wmle)
Wee (ga)
Sps Gre

PpOr Analysis (Vola.){ge):
Filltrate
Residue
Total ‘
Po0Os5 Extracted (%)

05 Anale {Specte){ze)s
Filtrate
Fesldue
Total
¥o05 Extracted (%)

FegOz Analysis (ge):
Flltrate
Fesidue
Tctal
FegO3z Extracted

k-3
Yt

Alg03 Analysis (ge)?
Filtrate
Regidue
Total
AlgOz Extracted (%)

110

i1l

112

113

114

22.8

26.0
297.0
10G

107.7

575
62246
1.090

1240
6472

12.12

64.8

i2.22
D4l
17.83

89e3

4.10
4.58
Se68
47 .2

4.26

4,60

8+86
48.1

3540

41.3
24645
132

10645

360
414.5
1173

13.28
3431

16.59

80.0

13430
2.21

15451

8547

4.58

4411

8469
52.8

5.287
4.16
0.43
35 49

3540

4143
187.0
100

108.3

387
4323
1,133

14.07
2447

17,04

8245

13.24
1.94

15.23

87.0

4483

4435

B.58
5145

573

4.50
10.23
5640

Nete: For all runs, 100 g No. 20 rock used,
Temperature 20-25¢C,
Time 4 hours

50O

62«2
124.0
106

106.9

438
485.5
1.119

1413
2.80¢

17.02

83.0

13.588
1.87

15.52

8840

4402

4.42

8.04
51.7

4.21

4.74

B8.95
47.1

50.0

6242
112.5

80

107.0

400
4377
1.120

14.24
276

17.00

83.8

13.68
2427

15.95

85.8

22986

4.55

8451
434

4.03
5.08
9.11
44 .2
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approximately 50 per cent of the original amounte in the rcck.
The change of 10 per cent at this high percentage in the amount
extracted does nct alter the preblem of iron and aluminum
renoval to any extent.s In view of thls, the percentage lrcn
and aluminum extracted was occngldered of seccndary impeortance
in determinling the cptimum amount and concentration of sulfuric
acid to be used. Using concentraticns of sulfuric acid above
50CBe' did not glve sufficlent fluidity te the mix to give
complete reaction. Because af(thia decrease 1n fluldity at
higher dcneentrationa, the lower ccneentraticns were cconsidered
the meat generally satlsfactorye.

In the runs presented in Table VI, difficultlies were
experienced in filtering the mix. A series of runs were made
tc determine the effect of temperature on the filtering charac-
teristics of the mix and the general bshavicr of the reaction,
A tempsrature of 75°C was used for these runs tc assist in
gypsum crystal grewth. This temysraturé was taken as an upper
limit, becsuse at temperatures of 1009C ard above, gypsum dehy=-
drates. The dehydraticn c¢f gypsum to form anhydrite weould
inorease filtering difficultlies. A constant temperaturs was
maintained by placing the beaker in which the reacticn took
place in a constant temperature bath. A study was also made
in these runs tc determine the maximum conesntration of phose
phorus obtainable in the filtrate at maximum extracticn. Where
varying concentrations and amounts of acid were employed, the

volume of the firal filtrate (crude pheosphoric acid) and not
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the volume of wash water used, must be used ag a criteriam.

The filtering rate was slightly improved due to the
agglemeratiﬁn of ealeium sulfate at a reacticen temperature cof
75°C. 'A review of the results in Table VII shows that the tem-
perature dces not affect appreciably the extraction of phosphorus
from phosphate rcek (Run 115).

Run 116 was nmade, using only the sulfurlc acid
requirements for reacticn with Ca0 and Alg03 (59.3 grame of 100%
sulfuriec acid) to determine if preferential reaction would take
place. The smount of lrcn extracted was essentially the same
as in runs using 100% cf theoretical amount (77.3 grams of 100%
sulfuric acid) of sulfuric acid.

A study of the results obtaired tc this point revealed
that varying the cenditlons of leaching slightly impreved
filtering conditions but dld not lewer the per cent of iren
and aluminum extracted. Two methods were tried to remove the
iwpurities (iron and aluminum} appearing in the crude phos-
pheriec acid. The first methoed was the usual methced used for
removal of iron and aluminum from phogphoric acid; 1.e., pH
adjustments From the results shown in Table VIII, 1t ean be
seen that all the iron and aluminum was removed from solution
as the phosphate. Since such high pereentages of iron and
alumlnum are pregent in sclutien, their precipitation as the
phosphates leaves very little phosphorus in scluticen. This
method 18 not 8 feaslble way to remove iron and aluminum.

The sscond method, sleotrodeposition, was used to



TABLE VII. SULFURIC ACID LEACHIXG AT 78%C

Run Fo.

Sulfuric Acld:
Conce (CBet)
Conce (%)
Wte (g:)
Theeretical (%)

Wte of Hesidue (Eo)
Vele of Flltrate (ml.)

PoOs Analysls (ge){7oclumetric):
Filtrate :
tegidue
Total
¥o0g Extracted (%)

Ig05 Analysis (ge)(Spectro.)}:
Filtrate
Fegidue
Tetal
FoOs Extracted (%)

FepUx Analysis {(g.):
Filtrate
Residue
Total ,
FegOz Extracted (%)

Al203 Analysis (ge):
Filtrate
Resldue
Total
AlpOz Extracted (%)

116

6242
124.0
100.0

115.1
28540

16.31

303
19.34
84 4

15452

2.18
17470
87.80

744
2442
.86
75440

7«87
1.66
2453
82,60

9400

18.73
538

8493

4422
- 4446
8.68
48460

4.54
5430
T84
46.10

3l
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TABLE vIII, IRCY AND ALUNINUEK PEMCVAIL BY pH ADJUSTHENT

Run Yo. 110-7
¥1l, taken from Run 110 filtrate {or treatment 100
%Fo0g in filtrate (g.) : 24345
pH of filtrate | } <1
pE at which precipitate first formed 1-2
¥l. 10% sclution of NagCOgz added to raise pH

to 4.5 107
Welight of precipitate (g.) 565
Volume of filtrate (ml,.) 207
FegOy in filtrate (ge) Tre
Al203 in filtrate (g.) Tre
Al30z and FegOs precipitated (%) 99+
Po0Os remaining in solutien (%) 10.12

# Based on original velume cf filtrate in Run 110 - 575 ml.
Spectrophotometric method used.
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remove only the iron from geclution. A moderate current density
was employed and both iron and aluminum cathodes were used
separately. A source of direct current was cobtained frem a six
volt battery, using a varlable resister tc maintaln the desired
amperage. Femoval of Iiren should result In an increase in
weight of the cathcde. Table IX shows that, essentlally, no
welght change of the cathcde ecccurred; hence no iron was removed
frem the scolutlicne

Ho chemical method ccgld be found or developed for
the geparation of iron and aluminum from phosphorus when the
three occeur in the proporticns cbtained In the filtrates. In
view of this, tests were méda to determine the effects of pre-
treating the rcek vefore lemching. These tests were also made
to further amelicrate filtering ccnditions. Calelnation of fered
a relatively inexpenglve and simple methed of pretreatment. The
reck was calecined in a muffle furnace at 900-1000°C, and resulted
in & 7.8 per cent decrease in welght. It was found, as shown
in Table X, that caleining the rock befeore treating with acid
neot only cut dewn on the iren extracted but alsc changed the
nature of the precipltate in such a manner that filtration was
very raplds The concentration of gulfuric acld used was 30CRe!
which gave a nlx baving fluldity of a highly satisfactory nature,
Numerically in milliliters the vclume of flltrate was approxi-
mately twlece the welght in grams of the residue. Cptimum
extraction and ccneentration o pheosphorus were cbtained under

thegse corditlionss



TABLE IX. FENCGAL CF IRCH BY ELECTRCDEPCBITI(N

Current Density (amps/sq. fte)
Anode

Current used (amps.)

Time of rlating (min,)

Initial weight of eathode (ge)
Welght cf cathcde after plating

Kotet Filtrate from Run 114 used.

Iron
Cathode

lead
2493
30
26,6821
2646742

Aluminum

Cathode

20

Lead
118

30
640374
60324

>4
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TABLE X. LEACHING CF CALCINED ¥C. 20 RCCK WITH HpSO4

Run Hoe 118

Initial welight of roock {ge) 1000
Calecining Temperature (©C) 900=1000
Caleining Time (hrae) 3
Weight of rcck after caleining (ge) 9242
Welght of HoSO4 used for leamehing (ge) 222.0
Concentraticn of HgSO4 (©Be') 30
Time of leaching (hrs.) , 4
Temperature ¢f leaching () 75
Volume of Filtrate (mle) 200
Weight of reaidue (g.) 108.3
Po0g Analysis (ge): Residue’ 2435
Filtrate¥ 11416
Total 13451
Pg0Og Extracted (%) 82,50
FepO3 Analysis (ge): Residue 5.01
Filtrate 3.02
Total B.03
FeoOm Extracted (%) 37460
Alg03z Analysis (g«): Realdue 3457
Flltrate 3207
Tetal 6+64
Alg03 Extracted (%) 53.75

# Spectrophotometric Nethod



38

The concentrations of the crude phespheric acld as
cbtained 1in the filtrate was between 5 and 10 per cent Fg0se
A serles of tests were made to determine to what strensth the
crude phospherie aeid could be ccncentrated. Concentratlen was
carried c¢n by evapcration, nct allcwing the temperature teo
exceed 150°C at any time. At temperatures above 150°C, the
erthophecaphoric aclid is converted to pyrcphecsphoric acide. The
regults of these ccrneentration tests are shown In Table X1,
For these tests, 1000 grams of rock were leached with slightly
less than the thecretliecal amount of 30° Be' sulfuric aecid, to
produce the crude ph&sphoriu acid.

Crude phcespheric acid can he concentrated to 25 per
cent HzPO4 by evaperation of water at temperatures below 150CC.
Yo evaporation takes place at or beleow temperatures of 150°C
when the strength of the acld reaches 25 per cent HzPO4s During
concentration ircn and aluminum pheosphates crystallized cut
according te thelr solubilities in phosphoric acid.

The dats shown in Table XI bears ocut ths conclusion
that nmaximum extractien of phosphorus from the reek is not
cbtalned unless the velume (in ml,) filtered is substantially
greater than the weight (1n grams) cf the residue. It 1g of
interest tc note that, in splte of the differences in amocunts
of phosphorus extracted, the ooncentratlicen of phospheorus in
the filtrate 1s essentlially the same.

Since the c¢rude phesphoric acld cbtained by sulfurle

acid leaching of rock contained relatively large amounts of



TABLE YI. CCECEETRATICN (F CPUDE PHCSFHCRIC ACID

Leaghing Run 127 Run 133
Initlal welght of Nc. 20 roek (ge) 1000 1000
Caleination Temperature (°C) 300=-1000  900=-1000
Calcination Time (hrs.) 3 3
Welght of rcek after caloination (g.) 922 922
Welght of 30° Be' HoS04 (ge) 2000 2000
Temperature of Leaching (©C) 75 75
Welght of Filtrate () ’ w072 1450
Volume of Filtrate (ml.) &85 1132
Weight of Residue (g.) 1012 1015
Welght of FPpOg In Filtrate (g.){(1) 78.6 10188
Pg0g Extracted (%)(2) 5245 67,8
Pa0s in Piltrate (%){(3) 7433 7,02

Concentratlion
Velume of Filtrate after Ccnes (ml.) 142 143
Welght of Filtrate after Conc. (ga) 252 263
Welght of Fg0p in Cone. Piltrate (ge)(d) 45.44 47.7
PgOg in Cone. Filtrate (Z){3) 18400 18,15
HzFO4 in Cone. Filtrate (%)(3) 24485 25,05

(1) By Spectrophotometric Nethod
(2) Based on 15.5% PgOs content of rock
(3) welght basis

37
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iren and aluminum, & pessibllity of producing iron cr saluminum
thosphate from the orude aclid exlsteds. The crude phosphorie
acid was saturated with iron filings in an attempt tc bring
dewn a relatively pure ircn phosphate. The same procedure was
uged with aluminum pewder in an attempt tc bring down aluminum
phosphates Any phesphates which would be precipltated would be
raflected by a decrease of phospherus In the sclutiones The
results of feour runs are tabulated In Table XII, and shcw that
iren or aluminum phospbates cannot be preduced In this manners

Ieachings of phosphate rcck were made with roluticns
of sodiux hydrexide and scdlum carbenate to preduce scdium
phosphate dlrectly from the rocke The procedure fcilowed was
the same as that in making sulfuric aeld leachings. Calcined
rock was used. As can readily be seen from the data in Table
XIII, this process offers nc proarlse whatacever.

A geccnd method of fomming sodlium phosphate was triede.
This méthnd ccneiste of fusing phosphate rock with gsedlum salts
or with gsodium hydrexide. The fused mass was ground anrd then
leached with water to remove the water scluble scdium pheosphates
formed. The insclubles wére then flltered off and the leach
liquor analyzed for phosphoruss. Thé results of these fusiocns
are shown in Table XIV. Fusing phosphate rcck with scdlium
carbonate and with scdium hydroxide does show some premise for
preducing sodium phosphates, but the econcmy of this process
when such low extractions are cbtained makes 1ts practicability

hlighly questlcnable.



TABLE XIX. FCREATICN F IRCN AND ALUXINUM PHOSPHATES

Volume of sclutlcen used (mls)
Fg0s criginally in sclution (gs)
Welght of Iron added {(g.)
Welght of Aluminum added {(ge)
P50 remaining in solution (g.)*

# By 8pectrophetometric Method

Hun
131

100

3412
l.28

306

Run Run
136 132
&0 100
1.71 312
200
179
1.68 318

39

Ran
13

50
1.71

2200
1,82
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TABLE XI1II. IRACHIRG OF PHOSFHATE FCCK WITH SCLUTICHNS -
CF HACH AXD EACC3z

Run Run Run Run
119 128 12 121

Initial Welght

of Roek (ge) 50 100 50 50
Leaching Agent LaOH FaCH KagCO3 Nag €Oz
Wte of lLeachlng

Agent 100% (ge) 845 3646 1645 33
Vol. of Leaching !

Agent (ml.) 50 130 136 272
Str. of Leaching

Solution (#) 5 22.5 10 10
% of Thecretical

Required\® 65 137 100 200
Temperature of

Leaching {©C) 2025 20-25 75 75
Time of Leaching

( hrse ) 4 4 4 4
Wte of Fesidue (zs) 48.1 48,0 46
Vels of Filtrate

(rle) 244 303 207 304
Fo0s5 in Filtrate

(g.) 0.823(8)  z.0ele)  o.178(b)  0.146(b)
¥o05 Extracteald)

(%) | 10.6 13430 2495 1.88

(a) Calec. as amcunt necessary tc convert FoOp in rock to NagPOy
(b) By Vclumetric Method

(¢) By Spectrophotcmetric Nethod

{(d) Based con 15.5% PoOgs in Roek



TABLE X1IVe.

¥te. of Rock (ge)

Time of Fusion
(hl"’SQ)

Wte of Fusing
Agent (g.)

Vele of HgO used

for Leaching
( mle }

Tempe ¢f Leaching
{cc)

Wte of I20g in
Leach Liguer {ge)

Pa0sg Extr&?ted from
Rock (F)lel

NaCH, FaCl, NagCOz and FagS04 FUSICNS CF FPHOSFHATE ROCK

Haz €03 FagCOg
Run 123 Run 124
10 10
1 1
S5 10
160 160
75 75
o.305(8}  0.452(a)
19.2 29 .2

¥ote: Temperature ¢f fusicn 950-1000°C,

ia} By Velumetric Method
b} By Spectrophotcmetric Method
(c) Based cn 15.5% Fg0s in Rock

TapSO4 KaCl
Run 125 Run 126
10 10

1 1l
10 10
100 ~ 100
75 75

Trace None

- o

FaOH
Run 129
20

2

732

130
75
0.802(P)

25.8

147
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Deflucrinated phosphate rock was produced by heatling
a mixture of phosphate roek and sulfurs Two methods were used
for deflucrination. The flrst method, used in runs 106 and 108
in Table XV, ccnsists of putting & mixture of sulfur and rcok
in & erucible and heating te 1000°C for one to three hours.

The second method, used in runs 134, 137, and 139 in
Table XV, employs the "flash roasting" prineiple. The rock-
sulfur mixture is iInjected Iinto the center of a gas flame by
introduclng the mixture inté thg burner with the primary air.
This method deces not give as complete defluorination of the
rock oy dosg the first method, the reason being that a flame
temperature above 750°C ceﬁld not be obtaineds There is every
indication to believe that at comparable temperatures, the
fflash romsting” method wculd be superior to the erucible
metheds An added advantage c¢f the flash reoasting methed is
the shcrt time neesded fer deflucrinations Both of these
methcdg wlll preduce a rceok containing less than one per cent

flucrines



TABLE XV. DEFLUCRIFATICE CF FHCGSFHATE ROCK

Run Run Run Run Hun Run Run Run Run Hun

106-A 106-B 108«A 10B=B 134=4 134~B 137-A 137-B 139=A 139=-B
%ts of Eock .
(g.} 20 20 20 20 50 50 50 50 50 50
Ko« of Rock 24 2U 2y 207 20 20 ) F3 20 20U

Fluerine in : '
Rock Crige(%) 6421 6.21 8.21 6.21 1.63 1.83 3.71 3.71 6.21 6.21

Wte of Sulfur

(ge) 1 1 2 2 1 245 1 2.5 1 2.5
Sulfur in a
Fix. (Z) 5 5 10 10 2 5 2 5 2 5

Tempe Huffle
Furnaece (©C) 1000 1000 1000 1000

Tempe Burner FO0w- 70 = FOQ 700 TFC0- FO0=
Flame {(©°C) 750 750 750 750 750 750
Time of Run o

{¥ing.) 180 g0 80 180 15 _ 20 15 15 15 15

Flucrine Fem.
in Rock (%) 1.780 C.741 0.801 l.24 1,02 055 1440 1.36 2.20 1.40

4%
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Leaching of unwashed, low grade, Tennessee brown
phosphate rock with aulfaria acid yielded a phosphoric acid
which ecould be concentrated to 25 per cent HxFO4. Fretréating
the rock by caleimation at 900-10009C before acidulation
resulted in a depresslion of the amount ¢f iron extracted and
elso increased the rate of filtrationes

The phoaphate rock was ground to a fineness of at
least 100 mesghs Thle fineness Insured intimste contact
between the acld and the rocks .

Chemically, temperature had no apprecliable effeot
on the nature cf the reacticn between phogphate rocks Temperaw
ture did influence the reacticn physically. If the reaction
toock place at temperatures below 50°C, the ecalcium sulfate was
in the form of very fine erystals that were difficult to filter.
Temperatures of approxlmately 75°C caused agglomeraticn of the
calclium sulfate which faclilitated filtration. Temperatures of
approximately l00°C dehydrated gypsum szc that there was an
increase in filtering difficulties.

The strength of the requlred sulfurlc aclid was Influ-
enged by the resulting fluidity of the mix. This did not
present a problem with higher grades of rock, as in commereial
production, since the ratlic of sclids to liquor was much lower.
In the reacticn between the dry rock ard stoichlicometric amcunts
of sulfuric acid, the acid had tc be diluted to at lsast 50¢Be’,
For a reacticn time of four hours, varying the cconcentration

of gulfuric acid between 30 and 500Be', did not effect the



ancunt of phesphorus extracted, phosphorie acld formed, from
the rcok. The higher the concentratien of sulfuric scid used,
the more wash water reeded to completely wash the extracted
pheaphorus out of the unreacted rock. Using stelchlometric
amounts of sulfurlc acid belcw 30CDe', resulted in a decrease
in the amount ¢f phegpherus extracted. The cptimum eoncen-
tration ¢f sulfuriec aeld for leaching of phesphate rock was
30%Be'.

It was found essentlal for maximum extraction that
the volume (in mls) of filtrate obtained be twice as great as
the weight (in grams) of the residue. The waighﬁ of the resi-
due obtamined from all lsachings was practlieally constant =
being 6 to 10 per cent greater than the welght of the original
rock used.

The ccncentration of phesphorie acid as cbtalned
froem leaching was 5-10 per cent, but ceculd be incrsased to
25 per cent by evaporatiocn of water. This phosphoric acid
could possibly be uged for acidulation of phosphate rock to
preduce a phcephate fertlliger having a higher phosphorus
content than ordinary superphosphate. The presence of iron
and aluminum as inpurities in the phosphorie acid presented
a major problem gince both impurities ferm insoluble phos~
phates that sre unavailable to plant life in fertilizers.

Fusing phosphate rock with scdlium carbonate and
sod lum hydroxide converted 25 per cent of the PoUs in the

rock to the water scluble forms. The use of scdium chloride

46
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and scdium sulfate as fusing agents yielded nc water scluble
phosphate. o

Leachings c¢f phosphate rock were performed with
sodiur carbonate or sodium hydroxide sclution In a manner
gimilar tc that used for sulfurle acid. These leachings gave
only small extractlions of phosphorus from the rocks.

Defluorinaticn of phesphate rock was carrled out
with twe metheds, crucible and flash roasting. Both methods
vlelded a phosphate rock contaiping less than one per cent
flucrine. DBetter results were obtalned in the crucible method,
in which the temperature used ig 1000°C, in comparisen with
7500C used in the flash reoasting method. Under ecomparabls
temperature ccnditions, there was strong Indication cf the
superiority of the flash rcasting methed. This method required

a much shorter reaction time than the erucible methode.
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