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TETERMINATION QF ACID REQUIRTMENT IR SUPERPHOSPHATE

MANUFACTURE
by: BE. HERMAN, 3. :géBrEL, B. PRSKIN, & A, TAIMI
[Tertillicers BOicaLls Ltd, lerae
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A simple analytical prodecure nes been developed Ior datermining
the aold requirement of phosphate rocks. Resulte agree with those
caleuleted from the oomplete enalysis of the rock and are also in
hargony with plent practice. The method can be used for productinm
sontrol.

—

A sapmple of rook is dissolved in mixed hydrochloric and nitric
acids, s known gquentity pf sulphurlo acid added end the volatile acide
removed by eveporating to apparent dryness on the wataer bath. The

. resldue 1g treated with water and titrated with sodium hydroxide

solution to pH 4.8. The excess of sulphuric acid over sodium
hydroxide messures the acld requirement of the roak. - A correctlon
has to be made Tor the fluorine which remains in thae superphosphate
tut is rTemoved in the course of the analysis.

_ A similer procedure is used to cetermine th: degree ~f
aoldulation of samples of superphosphate.
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One of the fundamental figures required by the su erphosphate
manufacturer is the guantity of acld needed per unit weight of rook.
This Anformation is often cbtained by adjusting the feed on the plant.
until the product is satisfactory, but the method has obviousn
diesadvantagen.

While 1t hee been olaimed,with justice, that sold regquirenents
are dependent on raactivity of rock, mixing, curing time, reguirsd
convercion, efc., 4t 1s still true that under good plant conditions,
a close correlation exists between ecld requirement end the chemioal
conpoeition of the rock.

Shoeld snd coworksrs (5) prepared alignment oherte by means of
which the acid requirement of a rook is related to its P05 and
€02 oontent and found thaet thile provided a very satisfactory baale of
control. A limitation of this method e thet eny large varistions in
the Rﬁﬂi-uontent of the rock are liable %o ovsuse serious errord. The
mathod is not applicable to ocalcined rock.



N T
O I AL
. fa - - ' ’
SN
Ny T -

. . .LE/805(4)

Other formulae (1,3) besaed on the Cad op P05 content of thegl
rock, or both, ‘are likewlss applicable only under osrtain conditions,
Marshall and H111 (4) exemined the subjeot fundamentelly and developed
a formule for the ideal acid requirement of @ rock based on its : o
complete analyois, The present work consista chlefly in the
substitution of a convenlent enalytical procedure for the complete
analyeils required by larshall and Hill,

Baplc ermulae‘

= 49,0 x 2 (CaO+MgO+MnO+K~0+Na 0+41003+Ta007=P0 uSOI)
2U+Nag 3+10203=P205-303

Ac = Au =oxhxP

Wharae

it

No. kg, 100% Hp8904 required, ideslly

A = Aold requirement (correoted .
c to convert 100 kg rock to superphom-

phate.
Au = " " (uncorrected = no. kg. H S04 whioh would be required
o ‘ wera all %ha fluorine expelled during

acidulation.
Ca0, M0 etc. = no moles Cal, i1gl atc., per 100 kg. rock

a fraction of fluorine not expelled during aecidulation .
b = effective equivalent of flucrine remaining in super-
phoaphats.

Theae formulae have beaen devaeloped from the following oonsider-
atlions, All ocomponents of the rock are oxpressed a8 oxldes or acilda.
The mono or di baslc wetals are secid condumers accordiang to their ,
normol equivalents.  Sulphurie acid 1s o dibasic acid donor. Tdeally

all the phosphoric acld, apart Trom thet combining with the R 0y, forms
monobasic salts; thus HEyPO, is a donor of 1 aculvalent of acig. _
According to Harshall. a% ﬁill (4) R303 forma, in cured superphosphiate,
ooumpounda of the form CalH-RR (POs Yol 27 HoO. (Tho evidence 1im atronger
in the cage of 1ron than of aluminivn, ) If the acidulation is reogarded
&8 & reactlion convarting all the Pn05 Yo monocaleium phosphate, followed
by a sacondary rcaction with 11203g wa have

20e(HpP0g)2 + RpO3 + Hp304— Ca { HoR (POA)QJE + 0aS0.+3Ha0

In effect, then, R203 becomes o consumer of 2 aquivalents of
acld. Any fluorine esoaplhg elther as HF op S1Fy dous not enter the‘
rold belancs, The fluorine remaining in the su erphosphete may be
present as fluoride; ellicoflucride and verhapa En other forms and
will heve an effective equivalent of less than one, slllca, whether
Erecipitating or emcaping as Sify does not requirve or donats ecld;
owever some metal silicates moy remain undecompoaed, but this causes
no error if the % Al203 ete. refer to the guantities soluble in sold
rather than the total present,

Bagle of propoesed method,

The basic 1dea is t2 add a known uantity of sulphurio acid, in
excess of the theoretloal, to a mample o% the rock, evaporaete off any
volatile acid and back-titrate with alkeli to the neutralisation of
the firet hydrogen of the phosphorio aoid,

The -excegs of eoid over alkali usad wlll glve direotly the acid
requiremsnt  (4;) of the rock. It 19 found that under the oconditlonms
of the analysis sulphuric acid does not offect & couplete attack on
the rock so that & volatlle acid muat be used to attack the rook, after
whleh the sulphuric aecid. is added and the volatile acide evaporated -
off, Nitriec acld ie required to oxidiae organico matter and any
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ferrous Jron tul since this acid is consldarably less volatile than
hydrnohloric an excasp of the latter qust ba added. Fluorine 1s
completely remcved a8 5iFy or HF, €0 thet & correction fer the fluorine
remaining in the superphosphate must he made. R~0, precipltates in &
form very eimilar to he tribasic phosphate, whic% aaa the same acld
sonauming valuc ae the double gompound which Mershall end Hill found te
be present ip cured superphosphate. . The monosodium phoaphateﬂxmadinth
t1tretlon 1s equivalent to ths monocalcium in puperphosphate. Since
the calcium sulphate has Dbeen found to retain somas acld 1t must be
completely dlssoived prior %o the titration. (Note: while the HF
Tiberatad may attack the glagaware Lo 8ome extent, no appreciable errorl
is to b? expectcd provided thaot Pyrex glase, which is low in eodium,

a usgaed). :

Procedra.

Woigh 5 g (w) of rock, add 20 ml Hp0, 30 ml HCL, 2 ml HNO%

and boil for 5 minutes. Jool, trensfer To & 050 ml volumetrio lask
and dllute to mari. Tipette & 10 ml all wot into e dish aend evaporate
to dryness on wabter bath. Add several m water and after solids are
well wmcistened add 10 ul 0.5 ¥ Has04 . Tvaporate to drynesd and leave
on water bath for a further 30 minutes. gtir with water, allow 10
asttle ond decant the ligquid 1nto & 500 ml besksr. Crush the oryatals
with the eld of a small subber bung held 1n & glass tube, slurry with
water and decant. Again crueh any large orystals remalning, transfer
to the beaker, dilute to 300 ml snd etir till all the sulphate dismolve
Add 1 mb mixed indicator and titrate with 0.1 N NaCH, Cop free, (2 ml).
The colour changes from rad to blue and the end point 1s e gray golour

frea from any red. Let atand for 10 minutes and if necessary add
further Nall to restore the colour.
0 — &

.A.u:‘ 12126 ]C—#-F*"—"

~ Mixed 1ndicator: 23 mg Methyl red + 67 mg Brow Cresol Green
' -+ 10 mg Cresol Purple + 50 ml Ethanol.
Dilute to 100 al. .

Tegting the methed.

mhe oorrcot pH for the end point was dotermined by & titration
using a pH meter. The oteepest s8lope WaB obtained at pH = 4.8 which
corrasponds to the gray of the mixed indicator.

Negligible quentitied of C1 and F remain after the avaporatlione
This yas tested Dby aombining the sollds ohtained after evaporating
severpl sample#, diatilling frow HC1O4 and snslysing the distillate.

fhe formation of neutral ferric phosphate 18 quantitive under
ghove conditiona. suitable aquantities of ferrioc amnonium pulphate,
p.a., were added To allute solutions of monosodium phoegphets and titre
wlth sctivm hydroxide until the pll returned %o 4,6 Tﬁa titration
figure, after allowing for the RH and 303,.00rreuponded to an acid
consumption of two equivalents pe% mole RoO3. Similar results were
obtained when ferric pomonium sulhate was H&ded to molutione of phoapk
rock which had already beern brought to the correct pH.

The effaot of - Alp03 was tasted by dissolving pura aluminium in
known quantlty of acid and adding aligquots to phospnate golutions ap
the camo.of Fep0y.  The acid requirement of the Alp03 wes found to be
about 10% lower %han theoretical, indicating the formation of momewhal
baslc phosphates. For the quentities of aluninium normally found in
phosphate rocks thile difference 18 not important.
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The method was further cheoked by cowparing the experimantal‘
value of the Ay for several rooks with the value caloulated from itm
complete analysis,. (The analysee waere made on an "acid seluble"
rather than "total" besis), In moat cases differences of lesa than
:1% were obtained ang with the two rocke on which much of the work
was oonducted the agreement was vary close, The mathod ia capable
of high precision, 4 get of 4 parallel determinatiory often &glve
results differing by no more than 0.2% The reason is that ne
seperation are involved and randouw errors are rractically oconfined
to those of the yolumetrio manipuletions,

Ooxrréction for Ffluorins.

‘ In order to pbtain 4 from v & deduoction for fluorine must ba

made, From the enalysis o saveral superphosphate samples Marshall
and Hill (4) found that a factor of Q.6 had to be applied to the
fluorine remaining in the Auperphosphete,

H. Delomenie (2) analysed various samplas of guperphoaphate
for water soluble and insoluble fluorine, If 1% cean be sosumed that
the former conasipt only of silicofluorides and the latter of fluorides,
the faotors oalculatad from his results range from 0.67 to 0.93.

Commercial samples of au erphosphate were analysed by the
suthors and gove factors of 0.8 to 0.9 for fluorine on the basls
of water msoluble and insoluble flourine. ‘
A faotor of 0,80 has been accepted tentatively for the fluorine

rﬁmaining in the superphosphate, For & plant in which 30% of the
fluorine 18 evolved during_aoidulation, the overall correotion becomes:

%-AC=T48-xo.aox7° = 1,44 x % F in rook
Degrea of acldulation of Superpheaphate

A method 1le sometimes required which will determine the degrée
of acidulation of a senple of esuperphosphate and which 1o independent
of the degres of ouring of the asmple,

The seme procedure as described above may be employed, It is
preferable, however, to use an 8 g mample of auper and to acidulate
With 10 ml of a weaker (0.1 W) H2B804 solution. the formulae then
becone: '

Acid deficiency of super (Au) = 12.3 x _12':& .

Carrection for fluorine = 2.07 x % F in superphosphete.
Acld Balance in 2uperphoaphate .

Samples of Buperphoaphate were teated by the conventional methods
for free acid and watep insoluble Pp05 and also by the above method,
The results were ae follows:

Sample No. ‘ 1 l. 4 -
Free ncid (24 hre curing) P50g% 3.9 4.8 5.1 5.1
Tater insoluble Po0s 1.9 0.7 1.1 1,2
.A.O +O¢3 —2.5 "2.0 ""1-6
Ag, expressed as kg P205/100 kg rock +0.4 ~3,6 -2.9 -2.3
¢ X Watgr 41nsol. P205 ~ Free Acid P205 +0.3 =3.4 -2,9 2.7

The correlation befWBen the two approsches 1s good, although
the frrmula used in the last line 1m ednittedly only an approxXimate
one. -




-5 - - LE/805(4)
Acid requirement flgures for the rock used on the plant of
Fertilisers and Chewicazls Ltd,, Helfs agreed with production data
within the limits of acouracy of plant measurement (about 2%).

Other applications of the method.

The method hes begen found partioulsrly useful as on ald to the
valuation of various ssuplaes obtained in the courss of experiments authe
beneficimtion of phoaphate mock. The ratic B = A/ Pp0g Wwas used
in the caloulations rather than A iteelf, since the-fermeT determinos the
quantity of acid required to produce 1 ton of Pp0g in the form o
guperphoaphate, From the quentities of, % Fp0g &nd R, & sound
appraisal of the value of the rock could be made, It oeems pomsaible
that theme values could be used with advantage generally in the
valuatlon of commercial rocks,

For aimiluar reapons the method may prove usaful to the phosphate
wining industry.
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