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The Theogx_oiﬂggggggﬁqugﬁﬁe fBolubllisatlon,

¥y Dr. Ing. Berndt heppen. Kaii-Chemis 4.G.

———

e Theory of Superphosphate Disintegration.

1. The manufacture of super-phosphates 18 ong of the oldest

pranchee of the chemical large-scale industries. One might
amaume that the resctione occurring during the menufacture of super-
phoephate have been known in ell theilr deteils for a long time. In
momst Technologles thils manufecture is reprepented as 2 slmple
teghnical process, whilch does not create any particulser dAifficulties,
and which does not present chemical problema. The change from
*tricalclum~-phosphate' to 'monocalcelum-phosphate’and caleiun sulfate,
eppeared to be buch & simple reaction, that 1t was not considered
worth while to pey too much attention to it. Research, however,
aspeclally during the 1ast twenty years, has shown that superphogo-
phate 1a & compllcated subatance, during tne manufacture of whiloh a
wealth of reactlone occur, and also, in parts, other reaction ¢ompo-
nents ere formed then has been assumed throughout decades,

11. For the manufacture of superphosphate, finely ground rock

. ' phosphate is mixed with eulfuric acld. The purpose of this

procedure 1s the converslon of the notﬁgaaily soluble, and for plant
roots, not abaorptive phosphoric acld tn the rock phosphete into an
gaslly moluble form, 1l.¢. rmonocalceium phosphate., guperphosphato 18
a mixture of several solld end onse liguid phase, The former coli=
eist mainly of monocelcium phoaphate and caloium sulfate. The

l1iquld phase, in sccordance with the starting conditlons, represente
a more or less concentrated and - with monocalclum phosphate =
saturated polution of phoephoric aclid., g8ince the greatsr part of the
monocalcium phosphate 1s present 1n gol form, We are Justified to
mention also a dlepersed phrse.

The phosphoric acld 18 hound in the rock phosphate 1n & compleax form,
which ias called apetite, 1.e. a8 hydroxyl apstite, or as fluor '
apatlte, or as & combination of both. This kind of combinatlon 1is
the moet stable of all phosphoric acid compounds, and an snergetic
attmck 18 therefore naceseary in order to bhreak 1t up.

111. Thie stabllity in the 1set resort is slso the reaseon why any
attempts to obtain dlcalclum phoephate through & direct method,
have not, so far, been successful, although this wasa the aim of meny
manufacturers, and has been tried often enough. The awallabls
experimental datae in regpect of the equllibrium in the systen
Ca0-Py05 ~ H,0 (303) are insufficient to determine ell aonditions

g-}_ o e . | 5&%0
Gchlaede, Mepphen, Jorgensen Journal of Appllsed Chemistry 52,3 939.
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for the limlted renges of existence of mono- and dicalcium phosphate,
Also lacking 18 en accurete lnvestigation: of tqQ Enomlemzm:tOVanﬁ;
eBtent the formation of diceloium phoephats 18" a netter of the’ apeed
of reaction or the equilibrium, . : Ces

The gonverslon of rock phosphete by meane of sulfuric scid is an
¢Xothermically proceeding heterogeneous reactlon, during which a golid
phage, l.e. the rock sulphate, is reactive to a liquld phase of the
sulfurlec acid. It hes been esteblished that 1t ig charactoriatical
for e heterogeneous reaction to preocead slong the phase boundary;

this epplies to the ocase under inveatigation, at least in eo far ap 1t
concerns the direct ettack of the eulfurie acid on the apatlte,

The granules of the ground roek phoaphate may be approximated as
epheres, Thezrﬁtio surf'ace:; cwontents of such spheres can roughly be
expreesed as rr”, Thus at the commencemont of the reastion there
exlets a limited surface for a great quantity of sulfuric ecid, which
le sufficient for the conversion of the total rock phoaphate into
monocalcium phosphate,

The quantity of the sulfurilc acid to be used can he detormined by
celculation, The rock phosphate naturally contain meinly caloium
phoephate, and in eddition in varying quantities, calclum carbonate,
calcium and magnesadum gllicates, sulfatea, caloium fluoride, sllilcic
6cid and also iron and aluminium, either in oxide form or bound in
phosphoric acld or silicic acid, and amell quantities of orgenic
subatance, To be accurete, 1t should aleo be mentioned that, in
addition, & number  of other elements are Pregent, mostly 1in minute
quantitics. These are compounds of ilodine, chlorine, manganese and
alkali, They are of no importance for the conversion of P208 to
the soluble form, The oamlculation of the required quantity of"
sulfuric acld cen be seffected by astablinhing. the reguisite stolchio-
metrleal formula for the forming of monocelolum phicephate. In thism
connectlon 1t should be remembored, that a small part of the phos-
phatea must be converted into the phosphorioc acld, 1in order to
guarantes the existence of the monoesleium phosphates. In so far as
the compounds which ars present in the rock phosphate as impuritles,
react to aulfuric acid, thoy muat bte considersed in the coalculetion,

For a long tlme the sBuperphoaphate induetry hes used 1in their manu-
facture conslderably levger gquantities of sulfuric acid than wgre
established theoretically through calculations, quentiltatively the
valuse were at opproximately 20% in exccssa. One reason for this was ‘
vhat, in parte, up to 30% of the calcium phosphats was converted into
free phosphorio acid, Bocondly, the excoss consumption could ba
explained by uneuitable or faulty mixers which Adid not guarantes
homogeneous combination of the two remction components,

Finally the accurate dosage of ground phosphate and afcid is of an ik-
portance which should not be underestimated, The manufacture of
guperphosphate is based of the course of a chemical resctlon, There-
Tore, guite definite stolchiometrical ratios must be adhered to, 1.e.
per time intorvel & quite det'inits quantity of phosphete miet be
always followed by an egulvelent guantity of aoid. While tha
accurate dosage of sulfuric scild cen be offeated comparatively esasily,
the even snd esccurate welghing out and apportioning of ground
prhoephete presents great difficulties, as everybody with practical
gxperience in thie matter knows, The undemirable running of the
ground phosphete, which may assume Buch proportione that it spreads
1ike & liguid, or elctrostatic charges may alwaye ceusc time and
egaln unforesecn trouble and lnaceursacles,

The reeults of en ineccurats dosage can be determined very nilcely ax-
perimentally by taking dissolving semples in vertical direction 1n
intervales of 10-20 cm from a dissolving vesscl., Fluetuations up to
20% of the degree of conversion obtained 1in sach case will be quite
Trequent. The snalysls made st the delivery of the dally output
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of freshly made superphosphate, represents only a mean value, whlch

shows inaccurate dosage in extreme casea only. Rock phosphate, which

nes not been converted owlng to lack of sulfuric acid, is loat for ever.
Likewlas if the superphosphate 1s poured in heaps there won't be any sub-
- sequent converalon, gince’ the pouring 1s not eccompanied by & slmultan-
egous pupply of acid.  The reesoh Tor. this 1g' that a'diffusion of~ the free
phosphoric acid, even 1T present in varying concehtratlon 1in the layers of
a heep of superphosphate, does not toke place within the avallable

sterage time from granule to granule. The problem of accurate doping

aan therefore not be taken seriously enough,  Here are gources of loee~3.
oB the extent of whichwill cauee unpleasant suppriee when the snalytleal
resulte obtalned are evaluatcd arithmetlically. in edditlon to the afore-
mentioned reasons fluctuetione in the degrec of conversion may elso be
caused through incomplete mlxtura,

In modern installetions, where both homogeneous mixing and accurate dosage
ig gueranteed, acild congumption approximates very closely the theoretlcal=-
ly determined values,

In the "Manufacture of thc Supcrphoaphate”1) all compounds present 1in &
rock phosphate have been talen 1nto consideration in the celoulation of

the eoeid. It im, nowcver, statcd that the gquentity of gl furic acid
necmpsary for satisfactory conversion cannot be evaluated by me&ns of
chemlceal formulae, This discrepancy between theory and prectice previous-
ly can probebly, to a lerge extent, be traced to the insufTlciency of the
apparatus avellable.

For the caleculation of an industrlel working quentity of sulfuric acid 1t
i3 not necessary to consider all compounds which may be present 1In vary
pmall quantitiesa,. It will be suffilclent to dose the sulfurlc ecid in
guch a wey that all alkaline carihs, after deducting those quantitiee of
acld necessary for the formetion of monocalelum phosphete, can be con-
verted into,sulfate. 4 dipgolving triel, 1f posalble at the place of
 manufacture, will casily help &n the dotermining of any emall corrections
which might be NGCCBEBRIY.

To meke understending casier, hcre iz an cxemple. The analyseis of &
Moroceo phosphate in the dry state showed 33.5% PO and 51 4% 0ef.

For thes formation of the monocaloium phoepphete 13.25% of the Ca0 are
requlred. Thug anothor 38,3%2% Cca0 nust be bvound to sulfuric acid., For
this purpose 67.02% sullfuric ecld (100%) are regulred, calculated on
pulfuric acid of 580Bﬁ we obtain o value of 89.5%. guch & quantity of
sulfuric acid will eneble satiafectory convernlon of Morocco phosphate
without any difficulties.

This method of calculation of meld ipnores the fact that the rock
phoephate containsg some cad which is already bound with 80, end that a
emall gquantity of the rock phoephate will not be convcrtad? further that
a part of the phosphatcs should be converted 1nto phosphoric acld.

Thies method is, therefore, intended as one of approximation, which
however sufilices to furnish useful datn for & diesclving trlal.

The reection beiween rock phoephate and aulfuric ncld to monocalcium
phoephate procecds in two stepe. puring the first, the gulfuric acild
monverts with the requisite proportion of phoephats to phosphoric acid
and calecium sulfate, The latter during the second step reacts with the
remalnder of the rock phoephate by forming moncealeium phosphate. Thia
reaction seguence 18 explalned through the foect thaet 1t is & reactlon
within r heterogeneous sBystem.

In the "Wanufunturoe of tha Superphospnate" the following egquations are

glven for the reactlon: . ‘
3 caz,(Pou)2 + b HoB80,+ 12 H,0 = i HyPO), + Cﬁj(PDu)2+ (caaou.e HEO)

L HyPO), + caj(Pou)2 + 3 H0 = 3 (qa. (HEPD,_L)E . Hy )

1) vieweg & Bohn VDDF 1326 page B6,
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8ince the rock phosphates are not tricaloium phosphate, but hydroxyl -
or fluor apatite, and the result 1s likewime not calcium aulfete, but
anhydrous calcilum sulfate, the formulas for the rasction mhould read:

Ga5(PQu)3 v OH + 5 Hy80) = 3 HyPO) + 5 Ca80, + 1 Hy0

2. Cag (POM)E' F + 10 Hy80, = & HsPO) + 10 Ce80) + 2 HF
035(P0u)3. OH + 7 HyPO) + 4 H,0 = 5 ca (HEPDM)E' H,0

2, an(Pou)j. P+ 14 HyPO), + 10 Hy,0 = 10 ca(HEPou)z. H,0 + HE‘

Let us conslider the firet remction. As glready mentionad, thie 18 a
heterogeneous reaction with a ahange on one phass boundary only, i.e., the
gurface of the apatite granules.. It proceads strongly exothermlc, 1.e.
by releasing of cgnelderable heat, If ground rock phoapgate wlith &
temperature of 157°C .1e mixed with aulfuric acid having 30°C, then the
reautign mixture in an industrial plant will be heated to a temperature

of 1207C. . -

The chronological sequence of the reaction may differ greatly. Efforts \
ghould be made to render the conversion rapld end complete. If there
are delaya, incomplete disintegratlons are obtained. _ The reaction cake
does not harden completely, and in certain circumstances & greasy, and 1
exgeptional capes even & liguld mess is the result. n‘

When rock phosphate and aulfuric escid are brought ‘together, the sulfurile
acld attacks the aurface of the phosphate grenulee,  The apatite
grenulea are thus split up at their surface under formation of varioue
intermediate praducta, To themse should be counted the D1 and monc=-
salelum phoaphates ap Ilntermediatas, It 1 obvious that further
sulfuric acid will always react with the partner poessesing beet reaction
capaclty, 1.e. in this case with the Intermediate products formed under
formation of phoephoric ecid, before unarfeckted apatite 18 emttacked
further.- ' .

Which are now the factors to influence the reaction?

8ince the reaction proceeds strongly exothermic, its complete seguence
1.e. the nearest poselble obtalnlng of the righ% hand side of the
aquation, ¢an be influenced favourably by removal of heat, This 18 in
feet true. Alrendy in the leboratory it can saslly be shown that ithe ,
use of cold sulfuric acid results in oconaiderably bettar convergion than
the same exporlment conducted wilth hot sulfuriq ascid of may 100°C, In
the latter cama, apart from unattacked rock phoaphate, unused sulfuri
acld can be found end it tekes a long time, often days and weeks,untl
completa converelon has oacurred, Under working conditionm thie exper-
isnce 18 reflected in the continuous demend aon the part of old exper-
lenced hende not to_let tho temperaturse of acid to be used for the
reaction, exceed 30, :

It 1= however, questionable if the comparatively emal} temperature
difserence algne ¢en be teken to have such & tremendoue effect, or
greater importance, should be rather that with the rise in temperaturs in
8 pecondary way the colloid-cherical processmes going on e2re affected un-
favourebly, i.e. the depositing of monocalolum phoephate and of

calelium sulfate. _ o

However, much aa a qulek converslon may be desireble for working reascna
on the one haend, 1t ie equally deslrsble, on the other hand, to achisve

et the same tlme the greatest pesslble removel of water, 1n ordar to
obtein a product with the smallest poesible water content. In the .
firat pluace the removal of water incrsasea the PED content of the end
product, and secondly, and this 1s of particular ortance,. the mechan-
icel propertles of the superphosphates Ilmprove proportionately to the
decreaesc of the water contents. It dose not requlre further explanetion
that an inarease in temperature le favourable for ths cvaporatlon of ¥

BYTDBF 1926 Vieweg & Sohn, page 69
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water. ' With this statement, however, we are placing ourselves once
more between Scylla and Charybdis; in one lnstance & decrease in temper-
ature 1ls fevourable for a rapld and complete converelon; in the other
inatance esn lnereese in temperature ls desireble for the egually impor -
ent and required evaporation of water,

In prectice a method has baen evolved which can be consldered as &
compromise solution between the twoodivergent demandsa, 1t is based on
the uge of an acld not ecxceeding 30°C.

AB @ further expedient to increase the evaporation of water the carbon-
ate contents of the phoephetes wuae generally consldered. In the
puperphoaphate industry it hes probebly been customary for degadas, to
convey the reectlon material from the mixing contalnars quickly into

the reaction chembere, 1n order to effect a3 completely ag poeslble de-
composition of the carbonates 1n thase chaembers. The freed carbenic
aclid ceumsed the phoaphete paste, now in the procees of eetting, to looaon
in m honey aomb or sponge like fashlon. Thia looBening naturally favcures
inoreased removal of water, For thess reasone carbonates werc occaslon-
ally admixed to phoephates deficlent In carbonates. Thepe methoda how-
aver did not become general practice as they were uneconomlcal,

It hes been long established that the simplest method for thc redustiown
of the water contents 1n superphosphates, was to use a gulfuric acld 'u
excess of 54 Bé. In spite of this, thls aim was not reached until

_ comparatively recently.

Owing to the evaporation of water and the expulsion of the carbonio nedd
the end product obtained is lighter than the sum of the quantltles of
rock phosphete and sulfuric acld originally introduced. This differancs
in weight ie celled shrinkage. It requires an increase of the PO
contents of the superphosphate, &8 compared with the mere arithma%iéal
result, which is obtalned from the addition of the welghts of the two
initial componenta.

1f we coneider the reaction equation betwoen rook phoaphate and sulfur.c
aaid, then we have on the right hand side phosphoric peid and caleluvt:
sulfate. In order to prevent the formetlon of an uneteble equilibrtus
snd rather to enforece a completest posaible reasction soquencs toward:

the right hand side of the equatlon, it le neceasary to upset any pous i
le formation of an eguillibrium continuously. This can he,effectel V[
causing the celelum sulfate, which 1s forming, to crystallize out cont._ -

uouely. If thle crystallization does not teke place, the reactlon <onw
to & standetill, and in additilon %o undscomposed apatite, unused

aulfuric acid will bhe found. This phenomenon 18 known from the

practice to every supcr-phoaphate ahemipt, and 1s dreaded. In such =
cape the mixture ie said to be loverastirred!'. Tt occurred particulac.
saglly when rock phosphate was mixed with a atrong sulfuric acid. 7.)

In e&n explanation regarding the incomplets reaction Bohucht 364
states that the attack of sulfuric acid on the phosphate granulen won.w
be olowed down by e superflcial layer of gypeum. Quite apart from *-
frct that not 'Plester of Paris 'out calcium sulfate 18 formed, thisz
assumption of Bchucht docse not explain either the varying behavicur .1
stronger and weaker sulfuric acld during the disintegretion.

Fl) & further form of toveratirring' could aleo ocour 1f the
thixotropical properties of the puperphosphate {(which lnereasc Tl
weaker the sulfuric ecid 1s) are ignored.

33 tManufocture of the Superphosphate' Vieweg & Sohn 1909 pege 372,

]4_ 1 t [ 1t 1926 11 69.
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Agelnat Jehucht's atatement speaske also the faot that the solubllity of
calclum sulfate increases with increasing concentration of the sulfuric
acld. Thus for inatance approximately 70 mg calciun sulfate will
dissolve in 100 g of 100% sulfuric acld, if this acid 18 available in a
gonacentration of 50 Re,

On the other hand the same guantity of sulfuric ucld In & concentration
of 59 Be willl dilseolve approximately 160 mg caloium sulfate.

Buggliach and leppen 5)inveat1gated the dlssolving of rock phoasphete in
dlluted sclutione, 2.5 g rock phosphete 972? mg P.0.) with 2,45 g
sulfuric acid (5L,7% B0,) are shaken in 700 cm wa%e for 30 minutes,
after which & diaintugré

of rock phoephate sheken with 14,72 g phosphoric acid (18.9% p

tion of 86.4% was registersd, The same quantity

0
repulted 1n g conversion of 79,3% If, insteead ol water, =& Buaeﬁghoaphatw

solution wae used - cobtalned through shaking 20g superphosphete 18% in
1 Mter water -~ then the conversion decreased to 41.8% after 30 minutea.
I for thse phosphoric acld treatment a monocaleium phosphate solution
wae used instead of water, the former ocontaeining 3.322 mg P.O.per liter
the conversion obtalned after 30 minutes was L7.4%. Shoul e
pragence of dissolved crlclum sulfate now give rilse to the opinion that
1t would fevour the coating of the surface of the phosphate granulesa
wilth calcium sulfaete, then thia assumption loses all ground, if there
are nocw only completely scluble particles present in the solution.

Even 1f the ratios of concentratlon in these experiments differ from
those in the conversion of rock phosphuate and sulfuric acid to asuper-
phosphate, it is highly probeble that in the latter case the resction
produots still in solution will haove the sams effect as in the diluted
soclutione,

In thie connection 1t should be mentloned that the fesslbllity of the
analytlcal determination of the superphosphete, end 1n particular the
analytical eveluation of incomplete solubllieation processcs in accord-
ance with tho offlciel methed, might be based on the retarding effect
of dlssolved celcium eulfate on the resction sulfurie acld-rock
phosphate and of disaclved monocelcium phosphate on the reaction
phoephoric acid-rock phoephate. Owing to the dissgolution of the selts
there 18 no chenge 1in the original reaction state during the shaking
with water. Bultable test serise cen easlly be conducted.

Probably in order to ellminate the trouble encounterad during the
reection - as discuessaed 1n the foregolng - it has been puggested from
sevaral quarters, to divide the process into two slheps. In accord-
ance with thess suggestions, one mothod would be to mdd the guantity
of sulfuric ocld necessary for complete converaion to the roek
prhosphate 1n two chronclogleelly separeted operations, or - to use a
different method - to proportion the sulfuric acid in such & way that
in the first place all rock phoephate 18 converted inte phosphoric
acid, or even inerease tho guantlty of sulfuric acid used 1n excess
of the amount required for the formatlon of phosphoric acld,

The irregularlties during the reactlon are doubtless dopendent on the
ratio of the surface of the phosphate to sulfuric acld, If there 18
o large phosphate surface, then the resction will take place Bo
gulekly thet there won't be any formation of solutlone supersaturested
with calcium sulfate.

It 1e certaln that the neid concentratione prevalent 1n cach cape are .
aleo of some lmportance in this connection.

5) Unpublished paper,
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_If.jhefﬁhqrtaat possible reaction period 1s to be obtained while
uging, At the seme time, & strong eulfuric acid, then 1t follows 1in
the 1ight 'of thc foregoing, that the largest pospible reaction surface
should Be presented to the sulfuric acid. This can be effected
through fine pcwderisation of the rock phoaphates, For this purpose
it is of importance to get the reesldus by meens of a sieve DIN 1171
of 0,15 mm mesj a8 clogse to O a8 pomelbla, As upproximation guilde
1t mey be mentioned, that a powderlsatlon of the phoephate to &
reaidue of 10% by meeng of Bleve DIN of 0,15 mm mesh permlits uss with
sulfuric acld up to 587 Be. this howcver results to a euperphosphate
having approximately 8% of water only. A Turther condition for
employlng this method 1s the uee off 1ntensive mlxers,

One exoceptlon from this approximaetion rule 18 Kole epatite., Thise 1s
' purc fluor apatite. Quite apart from the fact thet it is much more
a1fficult to destroy the etructurs of fluor opatlte than that of
hydroxyl epatite, there 1z an sdditioneal Tactor in thie pertlcular
ense to be notod, e.g, with flotetion Xslae apatite 1t must be agsumed
that size of granule = size of crystel. All other cormmsrciel rock
phoaphates on the other hand have o miero-crystalline structure. The
ruolio eize of crystal = to sigd of gronule i8 bound to result in &
gubstantial surface reductlon. In Tact this 1e shown through the
behaviour of Kola apatlte to sulfuric acid. owing to the slownees of
resction of Kola apetite it 1e therefore favourable when using "it, to
employ sulfurlc acid of higher temperature than 1s ususlly sultable
and neccBBETY. :

Previously it had becn customery to effect mixing 1n the shortest
poesible time, and to convey the mixturc obtained, to the reaction
chamber, as gquickly ee poesible, This working method was determined
by the apparetus a#ailaeble in older type installationa, 8ince
mixing of the rcaction componente was effected 1in mixing conteiners,
the mixture commenced to set 1n the latter during a %oo long time of
Btay. In eddition 1t was found necessary to convey the mixture to
the rcaction chambors slso in a,thinly liguld satets, copecially if
the chembers were lerge dimensioned, in order to ppread it evenly

2ll across the width,. Tn the lemt report these requlrementa are
bound up wilth the deaire to cbtmin a high raete of water evaporation,
gnd to eliminate dlsturbing 1nfluences resulting from the thixotropic
behaviour of supsrphosphate. When using strong sulfuric acld,water
cvaporation 1s relegated more and more into the background. But aleo
the thixotropile charamcteristice of superphosphate can now be rendeared
neutral to a large extent in modern inatallations through methods of
an exaclly oppoeite nature.

In additicn to 1lmproved epperatus egulpment the mogt important factor
in the developing of puporphosphate %q)reapect of improved gquality
should have been the fine grinding. It 18 likewlee of great
importance for tha degrce of disintegration, the extent and epeed of
the after-disintegretion and thus for the Tinal vield. It ia poessible
to obtaeln within o few minutes a complctely reected supsrphosphate of
sandy neture, 1" only fine grinding has been offectsd to &
aufflclently high degree. :

Iimitations 1n thile respect should be determincd through economic
factors only, &8 the incrcase in power requirementa for the grinding
apeumes conoiderable proportions:with inersasedffinenses. A further
point 1s thaot most existing plente arc not cqgulpped technically for
s manufacturlng prooess cmploying such ghort,raactlon perioda.

111. Let ue corsidcr now the aceond step of the reectlon rock
phosphate-sulfuric acid, et us suppoes in this connectlon, that
the procees of stecp 1 hos taken plece practically guantitetively, and
thet a1l sulfuric acld haes been converted into phosphoric acid.

F1) Certain improvemente requiring a Pupther working process are of
independent of this, ¢.g. drying orn mixing with marl stc or
granulaetion.
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Thia phosphoric acid is now to form - with the repidusl apatite -
monocaleium phosphats, In this casse also, wa have a heterogenous
reaction proceeding eXothermically, As experilence shows, the convep—
aion of phoephoriec acid procesds sesler mnd batter then that with
sulfurlec acid, and the difficulties and complications which could be
noticed in the course of the first phase, are hardly noticeable hers,
From the menufeoture of double-superphosphate, 1.s. from phosphoric
acid, 1t is known that this reaction proceeds practlcally trouble-free,
The reasons for this can perhepe be found in the fact that in this case
one aubstance only 1s formed, 1,e. monooalcium gorfeis, and not - as in
the sulfuric acid reaction - two Bubstances, i'%/ phoephoric acid and

caleium sulfate, ’b‘ Ak

If in the case of aulfurle acid reaction the conversion process depends
on the precipitation of calcium sulfate, then it depends in the came of
phosphoric scid reaction on the precipitation of monocalcium phoaphate.

Techelewetzki and 33, Rubinows 6) investlgated the rate of dlsintegra-
tlon of the apatite in vhosphorie acid in relstion to the H=1lona
concentration, the aurface areas of the apatits particles and the tem-
paraturae, They found that the conversion proceedas proportionally to
the H-lons concentration and reprceents a logerithmic function of the
reclprocal valuses of the abaolute temperaturs, The reaction is

delayud through the formaticn of the reaction products having a buffer
effact, ‘

The reaction batween phosphoric escid and apatlte can proceed compara-
tively gquiekly, fiere also, owing to the heturogenous nature of the
reactlion, the reaction period depends on the surface available. Thus
fine grinding has amlso a quite favoureble effwsct hers in two WEYE,

In the first place aurface increcase effecte a decrease 1n the ramection
period, and secondly & far mare therough conversion is obtalned, 1l.s, an
increase 1n the yileld, then 1in the cage of using coarss powder.

Monocalelium phosphate ia cnly stable ir phosphoric acid 18 present.
Further details arc to be discussed in connaction with the treatment
of' the free aciq, It 1s thurefore necessary to proportion the
quantity of sulfuric acid employsd end thue a8l8o that of phosephorie
Acld in such a way that part of the rock phosphete 18 converted into
free phosphorio acid, Both in order to sconomlee with acid, and in
particular to obtain high quality preducts the endesvour should be to
keep the proportion of freg soid as mmall f2a poaalble and to approxi-
mate it as close as poeszible to the theoretical value of the aqullib-
rium monocalcium phosphats - phoeplicriec acia,

In the case of commercial super phosphetss this valus (theoretical) is
aspumed at approximately 0,8-1,29% freo phoephorie acid, In reslity
however, the contenta of Pree acid In super phoaphates is conslderably
higheor, It was not raere to employ 1ln previous years, a free acid
contents ol 6-7%, Thie was done mainly 1in order to obtaein greatest
posslble conversion by means of using great guantitiles of sulfurie

Beld to forestall any decroase in weter golubllity while the material
was bolng etored in a poured heap, Tho wator content of such a auper-~
pho8phate waes usually near 14, .,

The reaction perioda, i.e. the time intervel between tho mixing of the
componente end the talting sway from the reaction chambers should
ueually heve been betwsen 2-4 hoursa,

When working with modern plant and the use of fine powdser and gtrong
suifuric aold, this pileture changes Bubstantially, The total reaction
period up to the removal of theo supor phoephate can easlly be reduccd
to 20 minutes. The products obtainecd - with a water contents of
gppreoximately 8%-show after 14 days a free acid contents of 2.5-3% only.
By this meems & total yleld of 95-97% of weter moluble phoephoric acid
1s obtalned. BY ceoneldering the aitratc soluble particles these

ylelds cen be increased to 98~-99:,

Central Gazotts 1938 1, 1453, .
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For meny yesrs 1t wes espumed that the sotting of the superphosphate
paete was due to thce setting of the gypsum. This im a fundamental
error, as we shall asee 1n tne tollowlng when the components of the
superphosphatca wlll be dimoussed, sinese the substanco formed ies not
gypsun, but anhydrate, i.o. water—-free calelum sulfate, The solidify-
1ng of thc superphosphates 1ls thus not due to formation of gypsum, but
to the crystamllization of calclum pulfate. For thls procese the
forming of monocalclum sulfatc 18 however alao of great importancs.
The thlxotropiec propertles of' the superphosphate alone indlcate that
we have here a colloldsel chemlcal process. Such processes mo&t pro-
bably spply aleoc to the aolidifyigg of the primarily liquid superphoa-
rhats paste, gtavenius-Nielgen atates, that monocalcium aulfate
most probably pracipitatee in the foru of a gel. It can thue be
visualimed thet the monccalcium sulfate rormead during the disintegra-
tion with phosphoric acld, will eonstitute & aol immedietely after the
reaction in heat, the monocalcium sulfate beling 1n aolution in mioro-~
cryatalline form. During cocoling this sol then changes into a solid
gzl condition for ths solidifying, i.e, rapld Tormation of & gol,
iz the guitsble arrsngement of the crystals 1n conjuncetion with the
adeorpticn of a water surfaca. Thie proceas 1e sccelerated through
hemt whioh le determircd at f'irst through the exothermic nature of the
disintegratlon reaction.

If the mtatements mads in the foregolng be tpue - their experimental
varification would be very desireble - then 1t can be deduced that 1t
is suitable to cool aa gulckly as possible the superphosphate after
commencemnent of the solidifylng procees, 1n order to accelerate the
crystallizling procespos, Thia action would then accelerate the con-
version of the supasrphogsphate into a Bolld product,

This hes been proved in practice. tn addition cooling has also
favourable effects on the sBo-called 'after reaction’.

TIV. The menufacturing period, 1.c. the time intervel between the Joln-
ing of the components and the removal of the formed superphosphete
from the reactlion chamber, does not sutfice for thae full completlon of
the reactlon. At the end of the perleod of tlme mentioned above,con-
verslon of the rock phosphate has been effacted up toc B5-90%. The
reaction then proceads durilng the storing of the auperphoephate 1in
poured hespe, which may teke up fo 6 woaks. The retarding, or rather
the slowing down, of ths conversion proceas might be explained with
retarded preclpltation of the monocalclum sulfate. The effeet of such

slowing down hag been already diecupped in connection with the re-
action with phosphoric acid. Furthermore, there are dlffuelon pro-
cesges which take place during the total converseion of these rock
phosphate perticles which are not yet sttacked, and these proceggas da
not proceed caelily 'to the very end',

cooling of the hot superphosphate favourgt crystallizing of the mono-
canlelum sulfete. Accordingly it would be correct to ecool the super-
phosphete leaving the reactlon chamber in the hot etate. If 1t 1.
poured on & heap without any rurther cooling, then it retains a sub~
atantiel peart of 1ts originel reactlon heat. This however, 18
equivalent to,s slowing down of the further converslon, Thia also
explaine why e sample aelected from a- freshly poured heap and etored
geparatsly, will convert at & muah more repld rate than the total
mixture heving a higher tempserature.

This part of the converslon 1e generally called the after reactlon.

in sccordence with the grade of phosphete and the manufacturing condl-
tions choesen, the finsel yield - related to water soluble phosphoric
gcid - may amount to approximately 98% maximum, By including the
sitrate soluble particles this flgure <&n gt11l be inecresnaad. In con-
Junctlon with the after disintegration, setting the poured super-

7Y Applied Chemietry 1943, page 176.
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phosphates commences, Thls phenomenon we shall discuss later oM,

Gonerally applicable figures in reapect of the extent of tha primarily
obtained conversion, the duration of the after reaaction and the yieslds
obtained finally cannot te glven sinece this 18 determined from many
factoras which are due to local conditions, In 1teelf 1t 1B possible
to accelarate the reaction very conelderably, By uelng very {inely
ground rock phosphate, end strong sulfuric ascid in an intensive mixsr,
converslona of 90% and more cen be obtained efter only 30 minutea., The
answer to the qQuestion whether to employ such a method depends mailnly
on aconomlc factore.

In order to obtaln the higheat possible yileld, it was cuatomary pravious-
ly, to use a coneiderable surplus quantity of sulfuriec acild, resulting

in 6-7% free phosphoric secid in the finel product, Apart from the un-
necessarily incresged consumption of sulfuric acid such an action hea
always detrimental effect on the guality, Owing to the continuous
demend to improve the mechanical properties of the Buper phoephete it

was necegsary to discard such a method, The new method was to work not
with an acid surplua, but with a quantity below the reguired norm, in
order to obtaln loweet poesible figures of fres acid and likewlse of
water.,

By this means products were obtained with approximately 90% of the ‘
effective PO, in water soluble form and 10% in citrete soluble form
at approximatély 3% f'ree acid.

The best condltions for the formation of & higheat possible proportion

of clirate moluble particles 1a not yet known, 30 Tar comparative
lnvestigations of different products fraom varlous manuf'acturers have
marely shown that there seems to be a certain relation betwaan the degree
of citrate esolubllity cbtained and the concsesntration of the acid used

for the diesintegration, in such a wey, that the citrate golubllity in=-
creapes with the concentration of the =mcid, This ls understandable

and probable. The formation of dicalcium phosphate is, ae we know, a
secondary reaction, which 18 dependent on the iigquid phasa 1in the super-
phosphate. In accordance with the concentretion these secondary
reactlone proceed in a different menner, The concentration of this
liquid phase, however, is determinesd through the quantity and the con-~
centration of the originally appliled sulfuric acld. In contrest to
previous manufacturing condlitions thie procese uses epproximately 10%
less sulfuric acid for the diesolving process. If the quentity of
aulfurlio ecid employed ie reduced further, then there 1is practically no .
formation of citraete soluble ealts. This too might be explained by =
Iiguld phase of the superphosphate, which in such e state and under

guch condltions 1s not suitable any more for secondary reactilons,

In 8o f'ar &8 the conversion of a part of the phosphoric acid into
cltrate goluble dicaleium phosphate 1s 0fficlelly recognieed, the once
drseded so-called dscrease of the water solublility in eupsr-phosphate
has loet lts importence. Tila process may be the subsequent formation
of dilecelcium phoaphste, This reaction 18 caused through the hydroli-
Bation of a proportion of the monocalcium phosphate to dicaleium
phoephats and free phosphoric acid.

In the "Manufacture of the superphosphate’ 8) i1t 18 stated, that mono-
calcium phosphate omn chenge under pressure with surplua tricalecium
phoaphate to dicalelum phosphats and thus the decrease of the water
Bolubllity 1s favoured accordingly through pressure,

g} VDDF Vleweg & 8ohn 1926 page 70.
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ginoe monocalclum phosphate dees not form dicalcium phoephate with
apatite, such reaction 1is not likely to be set 1n motion by preesure
whilch apart from everything elee 1a comperatively low. The only polint
to be noted would be, that owing to etorage pressurs the esuperphoaphate
particles are brought closer to each other, and that over & longer
period of time a change in the ligquid phase of & quantitative nature in
g heap of superphosphates occure, in such & way, that at the bottom a
eoncentratlon takes place. Phese two phencmena might then favour
hydrolysis. As already mentioned, however, there are no exact data.
The poesibilities for the formatilon of the Aicaleium phosphate will be
dilzcuased later on.

A further fector for the decreaps in the water golubility arc the iron
and eluminium compounde present in the rock phoaphates. Previouely,
when rock phosphetes were used contalning congiderable guantities of
these subatancee, this could give rise to serious trouble, It was,
therefore, the custom to fix the 1lron and gluminium oxide contents of

the rock phoephates at 2%, and the suppllera of rock phosphates asre under
a contractual obligation not to sxceed this proportion.

In commercial phosphates the effects of these compounds may therefore

be neglected, They me&y occur in varylng compounds, &8 oxide or ae
compounds with phosphorle acld or gllicic =zecid. In coneeguence the
attaek of the sulfuric ascid mey very also, o that by no means the total
queantity of iron- and aluminlum compounds need neocesserily always ba
convertoed,

Tn 'The Manufeoture of superphoaphete’ 9) a aerles of equations are
given, representing the eeguemece of the reactlon procefsend.

2 Fe(AL)PO, + 3 Hy80,+ 9 Hy0 = FeE(Alg)(EDu)ﬁ. 9 Hy0 + 2 HaFO)
FE, (AL, (80, )+ CeH) (PO )pe Hy0 + 5 HY0 = 2£Fe(A1)PO) . EH2g7
+ {(caB0) . 2 Hy0) + 2 Hy80,
HyB0), + '"caHu (POM)E . H,0 + H,0 = (Ca30,. 2 Hy0) + 2 HzFO)
Cag80) + [Fe (AL)PO). 2 H,Q/
Fe (AI)PO“_ « 2 HQO + HEPDJ_‘L = Fa (AL) H,, ('EOA-)_D) + 2 HED
.e (Al) HE(POL\L)B = /Fe (Al) PO, . HBPDL}J + HaPO),
Fo (Al) Hg (PCu)j = Fe (A1)FPO, + 2 HzPO),

H

Fe (ALl)FPO) +(Cag0) + 2 Ho0)

2 HaPOy, + Al (3103) = 2 ALFO) + 3 Hy810,

There 1g no experimental deta regerding the actual procees sequence 1n
acoordance with these equatlone.

It 1s further stated that in eccordance with the converslon
f * T
2 FoPO) + 2 I,80) + 9 H 0" 2 HgPO) + FBE(SOu)j . 9 Hy0

]
phosphoric is in a positlon to maeintain iron oxide in solution 1n the
form of e aoluble compound i.e, Bulfate. This certainly might explaln
to a laprge extent, why in former yeares the content of free phosphoric
acid 1n superphosphatee wes kept comparatively HJigh.

GYVDDF Vieweg & Sohn 1926 page 197.
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Regardingojhc converslon poesibilities of the mesgquioxides Stevenius
Nielaen 18 much mors cautious, He atates that part of the iron-
and alumlinium compounds are dissolved to sulfates, which in the
courss of the progressive formation of the monocaleium sulfate are
converted into primery iron- and aluniniunm phosphates, A further
dissolution of the iron- snd aluminium compounds still remaining in
the rock phoephate reesidue takes place later. The decreasing con-
centration of fres phoaphorle acid will cause = aceording to Stewenius
Nlelsen - hydrolyeils of the diseolved 1ron- end aluminium phosphates,
in such a waflﬁhat these malts will precipitate agailn in the form of
phoephaten not eolubls 1in water,

It 18 elso poseible that in thie process thers are meraly solutions
supersaturated with iron- snd aluminium phosphatsea from whiech these
Balts precipltate, if owing to aecondary remctiona the conditions fTor
the supcreaturation are not fulfilled any longer.

In these reactions iron muet teke firet place, a8 1t ie attacked easier
than the aluminium compounds. It would therefore be more corract ir,
in the case of phosphate purcheses, no common limitation would be
ptipulated for the contente of iron and aluminium, but separetely for
both, However now that the water solubility alone ia not more the
Qetermining fector for the evaluation of a super phosphate, thess pro-
blems, which formerly could have becoms pretty important, no longser
arouss much interest.

The after reactlon then conslBte of two opposlte running reacstiona.
Piretly by mesne of further attacks on the remaining rook phosphate
8t1ll intact en incremese of the water soluble phoaphoric maid is
off'ected, and secondly a reduction in the proportion of water soluble
phosphorie acid may occur through Formation of the dicalcium thosphate
and in certain circumstenceos also through formation of a dicalaium1)
phosphate - calecium sulfate dihydrate crystalline solid aolutien .
We shall revert later on to the possible formation of small quantlitiea
of calcium pulfate dihydrate.

A Further reduction 1n wetser solubility may occur through formetion

of baplec iron- and aluminiwm phosphates. In general, however, the
occurring of additlonal water soluble phosphoric acid 1a more aubptan—
tial than thelr reduction througli the acoondary reactions, In the
case of normal storaege periods no finel equilibrium 1s obtalned,

Owing to the supersaturations of the solutions end the comparatively
close proximity of the stable areas of components the reactions pro- .
coed extremely slowly. To this hae %o be added that, at least during
the primary pericd of the aftor reasction, 2 continuoua change in the
aoncentration of the liguld phase tekee place.

Ap the last of the reactions to be diecussed 1n this connectlon we
should briefly touch on the sxpelling of fluorine. The fluorine
content varies greatly in accordance with the type of rock phosphate,
In Qurecao phosphete it emounta to 0.7, and may roach up to L% in
Morocco phosphets, but within one particular type it remains falirly
constant. It 18 8 1llttle higher than the stoichiometrie ratio of the
fluor apatite indiecatea. In sucn & oage 1t 1a 1ikely that the
fluorine 1@ present in the form of calcium fluoride, Even 1f the
fluorine content in & rock phosphate does not excesd the proportion
necessary for the formation of fluor apetite, part of the fluorine
may be present in the form of calciwm fluoride, if the roeck phoephate
concerned le & mixture of fluor and hydroxyl apatite.

Journal for Applied Chemistry 1943 pages 177/178.

Fl) These phosphates may likewlse not be soluble 1n ammonia citrate
sclution and oltric acid.

11) Scheel, Paper read at the Internetionsal meeting of Superphosphate
Chemists at Hamburg, October 1637,
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burirdg the conversion of tae rock phosphate with sulfuric acld A
comparatively small proportion oniy of the total fluorine contents 1B
expelled, this varying egaein in accordance with the type of phosphats,
from epproximately 10-35%. 65-90% ere thus not being utllised and
are loet, i.e, they remasin 1n the super phosphata,

The fluor ylecld does not now depend 1in any way on the proportion of
the fiuor contents, for by no meens the largest quantities of fluorilne
expelled from the phosphates wlth hilgnest fluor content. Related to
sodium fluoeilicete, the yield for inatance from Morocco phosphate,
having L% Fluorine, amounts te 4w-B8 kg per ton of produced superphos=- .
phate only, while tne ylelds from Conetantine~ snd M'dille phosphate,
having 3.5 - 3.8% fluor, amount fto 11-13 kg sodium fluorsilicate.

This varied behaviour of rock phoophete lypes 1s in the main probably
determined by thelr crystalline structure and the resulting reactlvity.
It may also be apsumsd that apetlte bound fluorine and calecium
fluorlde show different chemilcal obehaviour, A favourable factor for
fluorine separation is, among cother thinga, & higher cerbon content of
the rock phosphate, as for instence in the case of Constantine T,
phoephate,

The fluorine should be scparated in ths firet plece as hydrogen fiuor-
jde, and should then convert witn sllicic acid to sllicon tetrafluor-
1de. This reaction is desirablo alnce in the superphosphate lndustry
f1uor is generally obtained in the t'orm of fluorsilicic acld. If the
ailioic acid contents of the rock phoephates does not gutfice for the
conversion of their expellcd fluorine constituents to allicon tetre~
fluoride, then the detrimental affecte to the yields may be conelider-
able,

The conditions under which tho phoephates ere dissolved 1s aleo of

aome importence for the vileld. Ir Accordance wltn several manufactur-
ing observations the extent of the rluorinc expellation increases with
the Barength of the sulfuric acld used. An ecld temperature of
10-35°¢ hes proved to bo the most favourable. The differencea 1n
epparatus and plant of the verious disintegretion processes, however,
hes only & negligible effect on the yleld, ainco even 1n moet modern
end continuously working instellations no hilgher fluorine yield can

be smhown.

vl. The chemlcal investigation of the =super phosphate wes mpplled
mainly previouely to the detocrmination of the provortion of wetar
aoluble and non-soluble phoaphair, sincc the vatio of this value 1 of
determining 1mportence whether the manufacturs 1s an economic proposi-
tion. No importance whatgoever won attached, on the other hend, to
anleium sulfate, guantitatively the main conetituent of super-
pliosphete, amountling to over 0%, Thip expleine that until recently
completely wrong views wore held in rcapect of thie conatituent. For
inatance the solidifying of the puperphosphate paste 1n the reaction
chamber was aacribed to tho asetting of the gypeum, i.e. the oonvar-
pion of the calelum sulfate anhydrite (o dihydrate. Besides, the
experimental verification thet in the case of superphosphats we have
anhydrite and not dihydrete, 13 not at all d4ifficult. Thise makes 1t
appear even more amazing that such & fundementally wrong assumptlon

as the one regarding the formatlon of gypsum, could prevail for
decades without anybody even thiniking of verlfying 1t experimentally.

Let us however dipscuss the monocaleium phorphate ©lrat. Firat of all
the monocalclum phosphiate, wihileh formed as & aol, will convert 1nto

8 gel. A part of this reaction (evsn more than that) - the final
phaee of the conversilon o* the vhosphoric acld with the rock phosphate
altogether tekes placa selftor the pouring of tha superphoaphats in a
heap. The herdening of the freeh superphopphate is causod thareby
through atoring. The hardening doss not depend therefore on the
setting of the gypsum, in so far &8 they ere not very considerably

in excese of the usual storage periods but the causes Are ensentielly
collold-chemical effectlng this proccas, Finally 1n addition the
micro-cryatals may form largcr cryctalas, This process maAy Also cause
hardenlng.
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The degree of hardening may very greatly. It depends Tirst of dll on
the quantity of the liguild phese in superphosphate, If thie propor-
tion is very nigh, then 1t will of course cauee closer cementlng of

the primarily loosely poured superphosphate particles, eapecially under
satorage presaure, Crystalligetlon from the liquld phase may also
oceur. The degree of herdening alao c¢ceussd through the colloid-
chemlcal processss just discusaed, 18 determined through the quentity
of the l1ilquld phase with ragard to 1ts 1ntensity. Hardening mey take
place to a conslderable degree, rendering the use of such a superphos-
phate difficult.

If 1t 18 consldered desirable to oppose the hardening process and 1if
poseslble to aliminate 1%, then the menufacture of superphosphate must
be effacied 1n such way, that the factors causing the hardening are
. vnere pogslble eliminated, or at least kept within amell limita. By
uaing strong sulfuric acia the water contente ln superphosphates can
he decreesed copsiderably. Furthernore cara should bhe taken to con-
duct the dimintegration in such a way that at the time of the storing
of' the Buperphosphate the reaction is completed to the greateat possi-
ble extent. The further this can be achleved, the less trouble there
will Be from exeess hardening.

Finally the secondary reactions are alsc of ilmportance for the hardening
1f only in a pubordinate manner. - The behaviour of the calclium sul-
fate will be dlecusased later on, in dstall. e should however recall
at this stege the formatlon of iron- and aluminium phosphate, meinly
howaver the hydrolyels of a part of" the monocaleium phosphate and the
formation of dicalcium phosphate caussd thereby. This reaction will
aleo be dlacuseed later on in connection with the treatment of the
liguid phass 1in superphosephate,

The monocelclum phospaate is not able to atteck the apatite present in
oonmerclal rock phoaphates. This expleins why 1t is not poassible to
obtain dicalciwn phoephete 1in one single working process respectively
in one single reaction seguencs, If the quantlity of eulfuric acid
uged ia Jjust suflicient for the formation of dicslcium phosphate,

then no diceleium phosphate ls cbteined, but a quantity of monocalcium
phoephate correaponding to the gquentlty of sulfuric acid used, apart
Trom unattacked apatite, No further converelon takes plece of the
monocalcelum phosphate with thls resildual apetite.

Againet tricalelum phosphats, however, monocalclum phoephate reactd
differontly. Here s reabtion occurs, snabling the formation of
dicaloium phosphate from monocaloium phoephate + tricelclum phosphate. .
Since however trilcalcium phosphate does not occur in the rock phos-
phates, thils reactlon ie of no interest for our present discusaslon.

Blmlleriy, the monocalcium phoephete 1a able to convert wlth bone

meal to diloalelum phosphats. This 1s of intereset, as 1n 1ts
structure bone meml is similer to rock phoephates. After all, bone
meal = ag has been astablished beyond doubt = is hydroxyl aepatite,

If thie subetance ahould nevertheless behave chemically in a different
manner, then this might Ye sxplained by the -1n contrast to the rock
phosphates- extremely fine micro-crystalline mtructure of the apatite
in tho bons. Thie unusually fine structure makes 1t posslble for the
- monocalclum phosphate to attack.

As mentioned already the super phosphate contains 1n sdditlon to the
mixture of salts, i.e., monocalclum phosphate and calclum sullete, a
ligquid constituent, which saturaetes these two salts end keeps them in
parte lao solutlon. Tnie liquid conseistse of phosphorlc acild eaturated
with monocalclum phosphate, the conecentration of which le varijable.

The different degrees of concentration depend on the initlial conditione
selected for the disintegretlon, i.e. gquantity and strength of the

acld and the obtained ohange. in Btandarﬁlﬂnalyaia thils conetituent

cen be evaluated by determining the water end the free acld,. -

1) In superphosphate water occurs in. three Aifferent forms; water of
congtitution, water of crystallizatlion,hygroacoplic or free water.
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ordinary superphosphate containe usually 10~1047 moisture and 4=-57%
free phoephoric acld. These figures, however, by no means represent
the total moisture contents.  1f for instance 14 water and 4.3% free
acid have been determined in =& guperphoesphate, & contents of 20% of
phosphoric acid of 3>0% concentration can be evalumted from these
flgures. In addition this meld is then paturated with monocalcium
phoephate and calcium pulfete and contains 8lso small guantities of
hydrofluoric ecild, sulfurilc acid end other subgtances, Bince the
aolubility of theec sukstances depends on the temperature, the moilsture
contents of the superphosphate 1z aleo Aestermined by the temperature,
Although thers ars no eccurate investigatlons of the gquilibriums
epplieable, the moisture contents in the example selected can be Approx-
imated at 25-28%. This then ls approximetely double the value which
appearod likely 1in accovrdance with tihe inltial figures. Thie shows
that the liguid constltuent in the supsrphoaphate 1e guite conslderable
and 1t explaine its importance rer the uechanical properties.

The ueusl method of determination of the free acid, 1.8, to titrete &
watery extrmct of the supsrphosphate to be examined with n/L NeOH,
eennot be employed in all occurring cases. In particular the values
obtainaqzﬁhen investigating euperphoephaten wilth addilticne of a basla
nature ars fay too low, i.e. durlng the shaeking converelons ocour
between the surplus basic constituents and the free acid still present.
Converaely too high velues are obtained when shaking dried superphoe-
phates, because acld pyrophosphateg are hydrolised, Thesa error?33an
he avoided by aubstituting organic solvents puch as cyclohexanol or
acetone ether mixtures for the weter. Thie method ie bound up wlth
the determinstlon of the free water. The usual drying chamber method
would also furnish wrong figures, since the removal of the water
effects changes 1ln the concentration conditione,1ﬁ35u1ting in secondary
reactions with subecquent erroncous evaluationg.

By meeng of such methode it could be established that even with gurplue
peaic edditione present Iin the superphosphate, phoephoric acid could
gtill be found. The corrvectneses of this assertion can be proved as
follows :- In & saturated monocaleium phoaphat;QEBB&t+%ﬁ pertial
digintegration takes place through hydrolysls regulting 1ln

an equilibrium: Ca (H,PO; ) . “Cca PO, + H. PO, . In baslc superphos-
phates thereforse the Ereg %h ppnoric ac&d o d&a&ppear anly then, when
eufficlent baslc additlone have been introduced allowing the total
monocalcium phoephate originally present to convert into dlcalelum
phoepheata,

From the determination of the ratio of water and free phoephoric acld
in the sbove egquation it can further be deduced that in a auperphoB-
phate a certein amount of phosphoric acid must be present, as long a8
there la fres water stlll present, l.e. for every 1% free water at
leaat 0,079 free P.0p. Accordingly e superphosphate contalning 14%
water should contaiﬁ ?n the most favourable case abt least another 1.2%
free phosphoric acld. In prectlce auch Tigurcs cannot be obtained,
and 1f in @ superphosphate withoutl basle additions et satisfactory
disintegration a figure of 2.5% for the frec gcid can be obtained, then
auch & result can be conasildered very good.

1t im surprising thet celcium sulfate, the main constituent of super-
phosphete, has received attention during the lest few years only, e¢one~
sldering that the problem of ths formstlon of gypsum 18 of great 1im-
portance for the improvement 1in guallty of puperphosphate.

173 rehreckc Journal 'Applled chemistry' L9, 620/1936.

14Y. 511l end Jacob, Journasl of tho smpociation of OffMiclal ricultural
chemiets, Menashe, Wisconsin, USA. volume 17 1934, page LB7.

15) Basset, Journal Inorganic Chemlstry 59, 1 (1908).

12; Meppen & 3ocheel, Journal'Appllied Chemistry' 1937. D&age 811
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alcium sulfate may occur as gypsum Cas0, . 2 H.O ma gemnihydrate Cas0, .
g H,0 (Plaster of Paris) and as anhydritg. Egmihydrate aan be
obtained by the action of nitric acid 1.4 on gypsum or through heating
of gypswn 1n air heasted to over 107°C, This is the conversion point
from gypsum to semihydrate. At thie temparature hydreted water removal
to Bemilhydrate occurs. If' heated further the crystal water is given
of ' zeoliticully, 1l.e. while the crystal lattice im mgintainad. A
conversion to enhydrite occurs only at heating to 500-(, According to
Van't Horff and Balarew 2 modifications can be dletinguished for the
anydrite, cne capable of resction and one lese capeble of reactlon,

The firet modificetlon cen be obtained through the dehydration of dai-
hydrate. It 18 called soluble annydrite; the second, which 'a the one
lage caepable of reaction, is a type of mineral anhydrite known ag non-
Boluble anhydrite,

Contrary to older views ca}si¥$ @Elfate occurs in superphosphate nearly
axeluslively as anhydrite. 'Y/ This is of plgment-like Tineneas,
the grain Bige in the different superphoaphates veries and may dapend
on the method of manufracturas. The superphoephate anydrite correaponds
to the poluble anhydrite of Van't Horf. 8ince the difference between
the latter and mineral anhydrite 1s the gpeed of reaction only, 1t can
be assymed that we do not have diffserent modificatlons in this case,
but that the capabllity to A&ifferent reactione can bte explained by the
different slzesg of the Erailns,

In ordinary superphosphetes with 2% free phosphoric acid and over,
practically no hydration of the anhydrite to dihydrate oceurs even
during long storage perilods, Only in very old samples of Buperphos-
phate containing less then 34 of free phosphoric acid and in sepeclally
neutralised1§?per prhosphaetes greatar quantities of dihydrate can be
ldentified .

Semihydrate occurs in superphosphetes in very emall guantities onlyFl).
It may originate during the formation of the enhydrite in the courae of
passlng through ean intermediate stege. On the other hand 1t may occur
in web phosphoric acid manufacturing methods. It 18 intereesting to
note, that in thiﬂosaﬂe the semihydrate 1z of the type which hydrates
only very slowly . This slow ocapebility to hydrate 1a probably
caused by a larger cryatal slze than occurn usually in eemihydrates.

In order to explain the behaviour of the anhydrite in superphosphate,
this problem wae inveatigated sclentifically before the War hy Scheel,

In this oconnection it has been naceseary to refer to investigationa

waleh have not yet been largely published, ‘

I the anhydrite 1s to hydrate in the suparphioaphate, then 1t should
¢xtract the water necessary for this brocees rrom the liquid phase of
the superphosphats, l.e. from m phosphoric acid, This would mean an
lnorease in the concentration of the phosphoric acid. ITf formation

of dihydrate doee cccur at all, then i1t can take place only eo long,
until the phosphoric acid - owlng to the extraction of water - has
reached such a concentration that 1ts vapour pressure equalse that of
the dihydrate cryetals. This point should be of notable interest both .
for the menufscture of superphosphate and the obtaining of phoaphoric
acid by the wet mathod,

16) Krugel and Retter 'Superphoaphetes' 1950 page 57.

17} Lehrecke, Tekn, Tidekr. 1935, Ard. Keml 14 and 12,

18) Hi1ll and Henricks. Ind. Engng. Chem. 28,440 (1936),

19) 8cheel, lecture st the Internationsal Chemiste Congrass st
Hemburg, 1937

F1) This semihydrate mey alsoc be the couse of the presence of
negligible quantities of dihydrate in the superphoaphats,

20) Lehrecke: Patenter Kemiska, Leandskrona,
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Im ‘a paper by D'Ans and Hofex with regerd to the system Ca30, ~ H,P L=
Y.0 the boundary concentratlon of 3he phoaphoric acld, at wh&ch 31—
hfdrate is J5py st1ll stable at 25°C, is stated ae amounting to approx-
imately L45% .

If treated with watar, mineral anhydrite reacts only very slowly with

a starting period extending over days and weeks. Then all of a sudden
on increase in the formetion of the hydrates occura, The hehaviour of
the anaydrite from the superphoephate differs from the former in

quality only. To quote some fipures: Anhydrite from superphosgphate has
abporbed after 10 days approximately 17% of the c¢rystal water necesasary
for the totel formatlon of dihydrate, and after 30 days hydration 1s
neerly couplsated, By comparison minerel anhydrite hes absorbed approx-
inately 1/3 of ite crystal water only after 110 days,

If nyiration of enhydrite i1a effected in phosphoric acld of varying con-
centration, we have the notable result that s phosphoric acld of approx-
imately 10% accelerates the hydration. If the concentretion of euch

an ascid rises to approximately 24%, the water ebscorption of the anhy-
drits is greatly retarded. At 8 phosphoric acid concentration of UL%
1t ocomes completely to a stendetill, without being sgulvalsnt to & com-
plete reachling of the equililbrium.

The expariment to determine and to sstablish the equilibrium betwsen
CeBO;+ H POH_ H,0, may be ettempted instesd from the anhydrite direction
like&ise in"analogous form over semihydrete or dlhydrate, The work
done in this direction hes however not been completed, Up to now
scourate results heve been prevented through very long reactlon periods,
supersaturations and similar disturbing fsctore.

calejumn sulfate - dilhvdrate, wihich cryetaellizes from phoephorilc acid,
always contelne some phosphate. Thie ie determinsd through a mixed
cryestal formation between the calclum sulfate-dihydrate and the imo-
morphour dicalclun phoaphate - dlhydrate, In & phosphete solution of
calclum sulfate tho following egullibrium sxlsts, GaEOu + H3PO%_1 !

CaHPO, + H,80,; Thie however has boen meved greatly to the left,
The B%para%io of the dicalciwn phosphate - dihydrate iz favoured
through its lesssr solubllltiy es compared with calecium sulfete-dihydrate

The determination of thls mixed crystal is very elucidating, since 1%
oxplains way in the phosuhoric acid proccesses, in the course of whilcoh
calcium eulfete is always precipiteted ee gypswi, this gypeun elways
containe a phosphoric acld content which cannot be washed out.

To summarlze the results known Bo far we cuah 8ay thig:-

In phosphorlc acid concentratlons up to approxiwmately 45%, the solu-
bility of the dihydraete is emallsr than that of the enhydrite. In
this came the dihydrate ls then the solid phasa,. Over this concentra-
tlon, however, annydrite 1s less soluble and therefore stable. of
course the difference in solubility within tho existing range of the
anhydrite and lilkewise just betors are very small. Hydrating of the
anhydrite and conversely the dehydrating of the dihydrate muat be
divided into two part processes: Firatly the disintegration of the
metestable solid phaee up to the saturation of the solutlon, and then
the mepsration from the solution of Lhe stable solid phase forming,
whereby thao former is eupersaturated,. The rate of the converaion 18
therefors influenced by the rate of dissolution, the solubllity iteelf

end the rate of mepuration,.

Honningen=Rh., 17th Merch 1955,

27) Journal for Applied Chemistry
1927, page 101.



