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THE EFFECTS OF MIXING VARIAFLES ON SETILING LATES
AND PARTICLE SIZE DISTRIBUYION OF DICALCIUM
PHOSPHATE WADE BY THE HYDROLYSIS OF
HONOCALCIUM PHOZPUATE

SUNMARY

A process ls under Investigation for the mamufroture
of dicelclium phosphate by the hydrolysis of concentrated
supervhospnate containing recycled monocalcium phosphate. The
hydrolysis also results in the formatlon of an &qﬁ@musAsalu~
tion of monocalcium phosphate and Ifree phesphoric acid, The
phases are separated, followed by washing end drying of th
‘sclid Gicalclum phosphates. The wash water is used in the

hydrol

Y2
v

zer. The golution is returnsed to the superphosphate pro=-
duetion step, where phesphété rock and aéditional vhosphoric
acid are added, and where wabter 18 svaporated to form the solid
superphosphates

The solids can be separated from the solution by the use
of either countercurrent thickeners or filters. In either case,
increasing the size of the dlcelcium phosphate particles would
facilltate the separatlon, Pilot plant results have Indicated
that filtratlon rates vary widely under alimost identicel mixing
conditions, presumably due to varlations in partiéle'ﬁimﬁ
renges. 1t was thought worthwhile, therefore, to study the

effects of different mixing variables on the relative particls



Ay}

slzes as Indicated by the settling rates of the mixturs.
Monocaleium phosphate and water were mixed in a sxmll
laboratory hydrolyzer under conirelled conditlons and the set- K

3 , . -
* of the resultant slurriss

tling rates and compression polnts
observeds Scrsen analysis of the settled slurries were made

and the furth@r size separations atiempled with a hydraulle
elutriator. Samples of the slurries were then szamined under

& microscops.

When the solid wae added rapidly to water at ©8°% ¢. the
settling rates decreased and the points of compresslon increased
with an increase in mixing time beyond‘five minutes, Wheh
the solid was added slowly the setiling rate Increased with ine
ereasing tlwme of addition, while the compression point was COon~
stante. Qecre&sing the ratio of ﬁatar to ﬁanasalci&m phosphate
decreased the settling rates rapldly and incrsused the polnts of
compressione For ratlos of 0.65 and below, the slurries wefe
in the compression ataga& as mixeds The settling raltes were
also decresased by 1ncraasinb the Pglg and Cal contents of the .
original liquild, end by decrsasing the particle size remge of
the monocaleium phosphate. Slurries made from fortif rLeqt

superphosphete settled more repldly than did slurriss made from

i ' Y e e .

The compression point i1s defined as the height of

the slurry at the time the settling rate started to decreazse
rapidly divided by the ariginal heleht of slurry.

FG“tiil@d superphosphate ls deflned as the supsr-
phosphate Gﬁhh&lhkﬂ& recyclad menocalcxum phoaphalto.



mopocalelum phosphate.

Inductlion psriods observed in the setiling-rate curves,
the veriatlions in the points of compresslon, the bshavior of
the solids In a hydraullc elutriator, and the mieroscopic ex-
emination indicated that the sollds were present as extremely
small particles of uwniform size which combing bo Torm Ilocs.

The ultimate particle size was approximated to be 2.5 microns.



THE BEFFECTS OF WIXING VAHIAELES ON SETTLING RATES
AXD PARTICLE SIZE DISTRIBUTION OF DICALCIUW
PEORPHATE MADE BY THE HYDROLYSIS OF
HOKQUCALCIUN PHOSPHATHR

IHNTRODUC TION

S0il depletion is one of the mejor problems concern-
ing farm economy which has recelved considerable attention
in recent years. Crops gradually remove the elements of ferw
tility from the soll, and erosion by wind or water removes
the entire bedy of the scils By using fertlilizers and growing
leguminous crops the fertillty of the #o0il may be restored snd
erosion reduced to a large extents. Of the thrse essential ele-
l*'fme.nts‘far plant growth (nitrogen, phosphorus, and potassium),
nitrogen may be restored by leguminous crops while phosphorus
and pobassium must be added ertificilally in the form of Ferti-
lizers. Phosphates bave become the chlef constliuent of nearly
all mlxed Tertilizers used today and for thlis reason any re-
duction ln thelir cost of production, distributlon, or application
~would be desir351@, | |

4% present, phosphatic fertllizers are usnally produced
by the reaction of phsaphaﬁe rock wlth either sulphuric or
mhosphoric acid. Sulphuric acid and phosphate rock produce

ordinary superphosphate. The principal reaction is as follows:
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CaFge3Cag (PO, ) g +THa80, + Sﬁga—é’ﬁﬂa(HEPoé}g;Hgﬂ 4—78&SO4~P
RHF (BEg. 1) '
Phosphoric acid produces a wmore concentrated superphosphate,
since both the rock end acid furnish P305* to the product,
which is ecalled triple, or concentrated, superphosphate. The

reaction may be representsd by the following eguation:
GafgﬁﬁﬂaE(PO4)2-+-14H5P04 +-9H80——>166a(ﬁ8P®é).320-+-2ﬂF {Bg.

Both superphospnates conteln water zcluble monocalelum phose
phate as the &c%ive fertilizing lngredient.,

Another pnosphatic materisl which may be used as férti-
lizer is dicalclium phosphate. Its PgOg content 1s slightly
lower than that of triple superphosphaite. Dicelciun phosphate
is weter insoluble but citrate soluble and therefore availlable

to plents. It 18 known thet readily soluble phosphates, as

2)

monoccaicium phosphate, have a tendency to revert in the soil to

less soluble ph@sphatesla

s thereby rendering utilization of the
fertilizer by plants lncomplete. Pleslelum phgsphate does not
revert to unevallsble formé as gulekly as do superphosphates, .
and, being water.insolublé,'will'nmﬁ form hilgh logal comentra-
tions which may in&ure the plents. Also, clealeium phosphate

being non-acidlc and non-hygroscopic, has a declded advantage

The guentlty of phosphorous coubinsd as compounds
in a fertilizer ile usually expressed as Palg, the anhydride
of phosphoric aelde
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over supsrphosphates in that 1t will neither cake in the bags
nor rof them, For these reasons dlcalcivm phosphate is more
desirable as a fertilizer‘thaﬁ are superphosphetes.

For the reactlon between phosphate rock and phosphoric
acld, 1.4 moles of acid give one mole of POy In the product.
A& hypothetical reaction between phogphate rock end phosphorle
acld to glve dicalclum phosphate may be represenbted by the
following eguations

5F0,—>10CRHPO, + ZHF  (Eg. 5)

GaFgﬁﬁﬂaﬁ(Paé)2-+ 4H

This rescilon would require 0.8 moles of phosphoric acid io
give one mole of PpOp In the product, thus requiring only 57.2
per cent of thse acid used im-makiﬁg triple superphosphate.
Unfortunately, howevér, the direct reactlion between thﬁaretic&1'
emounts of phosphorie acld and phosphate rock as represented
by eguation 3 does not form dlealelium phosphate but rether a
mixturé of superphosphate and uwnreacited rock,

A possible method for the productlon of dlcelcium phos-
phete 18 by the hydrolysis of monocalelum yhoapﬂata?g The

reaction mey be represented by the followlng eguation:
Ga{ﬁgﬁﬁé)g'ﬂgg +-nEéQ-e>G&HP04-+ E@?Qé~k (n:kl)ﬁﬁa {Eq. g)

By using & weight ratio of from one-hell te two pounds of waler
per pound of mopocalcium phosphate and mizming et 98% ¢, from
73 to0 75 per cent conversion may De obtained®, The remaining

monocaleium phosphate goes into solutione.
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A supgested cycliloel process for utiligzetion of the
above reactlon, the net vresely of which is the production of
digalclum phosphate by sguation 3 is as felilo ws' g

(1) A mixture of triple superphosphats and recycled
wmonocalclum phosphate® 1s treated cwumteraur"$ntly with hot

water to form & solld containing & large amount of dlcalagam
phosphate and an agqueons Ual-Pglg aalunimns

(2) The solld and Cal-Ppls solution are separaged,
followsed by washing and Grying of the solids

‘ (3) The Ca0~Pn05 gsolution from step 2 is recyeled
and edditionsl aecid and rock sre added to form the mixiture of
superphosphate and monocalcium phosphete used in step 1. Water
is evaporated in thls sbep so that the phosphoric acid will be
of an optimum concentration for the superphosphate forming
reactions The wash water from slep 2 is returned to the hydro-
1}" Ol

The evaporatlion of the waber could be accomplished in
copjunciion with the electric furnace production of phosphoric

acid., This method of producing phosphorie acid involves burning

phosphorous o glve hot Pl fumes and spraying water imbte them
to hydrate the Pnﬂs end to cool the gases. Instéad of gsing;
water eibher the recycled solubion or the mixturse of recyeled
selution, fresh acld, and chaﬁnate rock {in the fﬁrm(of a slurry)
could be sprayed into the hot products of combustion. Thums,

the heat of combustion of the phosphorus would be util zed to

concentrate the by-product solutions

‘ﬁ- p o . Py - " . -, .
Sueh a2 pixture will be referred Lo hersafter as
fortified superphosphalbe ‘



Steps 1 and 2 hed been investipated on both & labora-
tory and a pilot-plant seale and found to be workable” . They
were carried out on the pllot-plant scele by mixing triple
superphosphete and recycled wash water in a mizer~hydrolyzer
at 98° C., filtering the slurry in a plate-end-frame ilter
press, and washing the solld (dlcalelum phosphate) with fresh
tep waber. During operation It was notliced the filtering
characteristics of the slurry varied considerably when different
batches wore wmixed under ag nearly the same condltions as
possible. This verlation was thought to be due to differences
in the particle size of the dlcalclium phosphate. Poor washing
was obtained on the filter largely becsuse of leakage.

It should be possible to increase the thoroughness of
washing by using more than one [illter in series, the caks being
repulped bstween‘fiiﬁers, end the filtrate from one {ilter being
used as wash waber for the next. The separation could also be
affected by the use of counbercurrent thickeners, with the
underflow from the end thilckener going to a filitsr. Howsver,
pilot-plant studles using thickensrs showed thelr @&g&@itylwaﬁ
very limited beeause of the slow sebtling rates obtained.

Regardless of the method used to separate the mélid
and 1liguid phases it is desirable that they be separated as
easlly a8 possible. BSilnee Iflltration and settling rates are
dependent on the particle size, large particles would incresse

the rate in sither CaSes



Attempts had been made to apply the inverted solubllity
curve of dlealcium phosphate o lncresse the crystal size by
altermates healting and camlimgv. It waa thought thét when a
mixture of diecalcium phosphate snd Ga@-Pgﬁs golution is cooled,
the smallest diealeium phosphate crysitals present should gg into
golution; then when heating takes place, instead of more dilical-
cium seed crystals forming, the dicaleiunm phosphate shauld build
up on the crystals alrsady present. §icroscople sxamination |
showed no apprecliable erystal growth by this method, probably
becaunse of the slow dlssolution of dicaleium phosphate on ¢cool=
inge

Because these pllot-plant situdies had indlceabed larger

ticle size had been obtained under almost identicel mixing con=
%

o

.tioga,:én invegkligatlon wes underteken to determine th

effect of mixing variables on the particle size of dicalcium
phosphete obtalneds Since settling rates are dependent on
particle slize, settling-rate data were btaken to use as The

basis of comparison of partiele size. Attempts were then made

to use & shorbt-column eluirlstor and a microscope for determining

the ultimate perticle size distribution.



LITERATURE SURVEY

fesctlion Boulllbrie and Hechanism

Phase~oquillibria data concerning the calecium phosphatea
in phosphoric acld solutions have been pmbliﬁhedﬁ for & tem-
perature range from 85 to 100° C., and in 2 to 98 per cent
phosphoric acld solutions. The phase diegrams have been used
to caleulate the maxinum copvérsion ef mopocelcium phosphate
monohydrate into dlcaleium phosphate, phosphorle acid, and
water, on solutien in different proportions of water at different
temperatures. These e&lsuiateﬁ conversions are plotted in Plige
1 It may be seen fthat the canye%sion Increases with increase-
ing temperatures, and at lGﬁG‘Gw, varies from 73 to 78 per cent
for weight ratios of mancca*cium phosphate monohydrate to
water of 0«3D to 3.8, with comverslions felling off gquite rapldly
for ratlos greater or less than ﬁ%asa»

The suggested mechanism of tz@ reaction to form Gleale-
cilum phosphate by the hydrolysls of monocalclium phosphate is

a8 fellQW37 11

(1) The monocalelum phosphate dissolves untll the
solution becomes supersaturated with reapect to Cals

(2) When the solutlon becomes supersaturated the
Ca0 starts precipltating out as dicaleium phosphate while the
monocaleinm phosphete continues to dissolve. The cenverslon
continues until eguilibrium is reached.
The formetion of dlealcium phosphate erystels mey, there-
fore, be considered & process of erystallizations The following

informetion concerning the theory of crysitallization and effect



R

E

hall

7

L

-

T
e

A

4

LT
{

7

T




of partiele size on sebttling rates was obtalned Irom the literse

tard,

Urysteilization

In sny crystellizetlion process the crystals must firsd
Torm and then grow. Jhe theory can be convenlently consldered
vnder three heads: (1) the Formation of orystalline muclei,
(2} their resulting growth, and (3) the interrelatlon between
fermation and growih, If the laws and date for crystel formge
bion and growth were complete, 1t should be possible to esiie
wmefe in advence the slize distribution of the product of & crystale
lization process. However, iittle guantitetive informetion is
availleble on crystal formation and growth so the fellowing dis-
enssion is largely qualitative. .

 For crystal formation to take place a driving foree in
the Torm of & supersaturated solution must first be &at&blished.
The degree of supersaturation reguired varles with the solute
anﬁlimpurities present. Seolutions mey be supersaturated under
certaln conditions to a considersble exbtent beyond the sabturaw
tlon point-wiﬁhéut the formatlon of any muclels. The relatione
ghlp between the concentratlon and the tempsrature zt whilch
erystels will sponteneously form from an unseeded solution tekes
the form of & a@—céllad supersolubility curve, originslly pro=

P

posed by Mlers® . These relationships are shown diagremmatically

% . .
"Perry, Jo He, Chemical Ingiuveers Handbook, 2Znd edie
tlon, pge 176Vs ' T
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in Fige 2+ In the fleld between the normel and the supersolue
billity curve, equilibrivm ls consldered to be metastables

In order to form a nucleus several molscules in the
solution mst colllde together In the configuretion which 1s
cheracberistic of the crystal of kst substance. Untll the
supersaturation polint L8 reached any smell crystalline nuclel
which are formed will Ilmmedistely redissolve. Hn@evar, the
presence of dust particles, smell solute crystels, mechanical
ghock, or In gome cases ecrystals of othey materials mey lead ¥o
the formation of erystals thet will continue to grow unbil
normal equilibrium conditions are reached. When the supersaturas
tilon point is reached, crysial formatien occurs spontansously,
gliving & pfeai@iﬁate, and contimes untll the composition of the
solution falls to the nowmel solubllity curves This typs of
erystel formation is sald to tale placs from an unseeded 80lu-
vion, Crystal formation due to the prassence of dust narticles
or crystals is sald to take place ron seeded solutlons.

In awdditlon to sponbtansous nuelestion new nuelel ey
originate in one or more of the followling way&g%:

1l By.atﬁritian of existing cryatals. If crystals
ere agliated smell Tragments and curners may be broken off, he-
somling new nuclels ‘

2 . Meechanlesl lumpacts I = supersatureted solution

is vigorously stirred, the cellision of crystals in the solution
with esch other or with the walls »f the crysballizer may cause

*1blde, e 17704
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 Formation of new nuclei.

S« Hew erystals may be formed dus Lo the lnmoculem
ting influence of the crystals already present., I a solxtlen
18 superseburated, smell erysial fragments the size of spone
taneong nuclel break off due to the bendency of Gi ,gmegatian.

4y Locel varlations in conditions may csuse mucleation
in restricted nones. Hramples would be the withdrawal of heal
from the cuntainimg wall to incresse supersaturation leading te
ilower bemperstures near the wall, and evaporation leading to
‘high @naantrmtian of solubtlon at the surface.
VYor Weimsn® has shown that ths size of crystals obigl ned
by sponbanesus crystallization from purs sclutions is = function
of the solubility, degree of saturation, and wviscoslty of the

golution. The character and prilelie aslze of the srystals of

precipitate are determined by the dlspersion coefflicient d,

which is defined by the sguationt
whers, S - solubility of solube in mols/litery
P - wmoles of prec Myﬁtate which mist be

repoved from one 1liter of the super-

saturated solution in order that it

e@m»ertrauﬁan may be reduced bo the

valne of B3 .

n visgosity of solution.

4% low values of 4, erystal formablon 1 negligible, at mediunm
values of 4 the erysials sttain thelr marximm size, while high
valueg of 4 glve & large number of very small orystals.

In the case of an unseeded solution, 1t is possible in
viscons solutions of relatively high molecular weight, to meine
tain & highly supersaturated solution indefinitely without the
formation of nuelel., Solutions of woderate viscosibties and low

molecular welight are not capable of supporting supersaituretion
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of any great megnitude wlithout nuclel formetions Spontaneous
mancleation from unsesded solutlions camnot be controlled and for
this reason high supersaturstlions are avoidsed in industrisl
\crystalliz@rs- J

The mechanism of erysital growth from solutions corr@ﬂﬁ@nﬂs
to crystal growth from & mellt, except that the pressnece of a
solvent lntroduces the concentration of the solution as a veriable
along with the temperatures The rate of crystal growth iz cone
trolled by the rate of diffusion of the reactants and products
to and ffomAthe solid-liquid interfsce. This diffusional process
is followed by a Ifirst-order interfacial resciions The net raie
of erystallleation is ﬁﬁgen&eat o bDoth reactlions &and mey bhe
represented by the fallowiﬁg-aquationgﬁe

aw = 5{C=Co),

& I-L

K k
where, W = welght;

t = times

k S diffuslon coefficienty

E = rate of rezction constant of the inters -
faecial reaction

8 & surface areay

L = effective film thickness;

¢ = concentration of bulk of seluilon

Co = goncentration of & saturated seolution.

In most cases 1t will be found that the diffusion rate i1s the
controlling factor, since the rate of rsaction teking @l&e@ at
the interfese is usually very rapld in comparison with the

aiffueion rate. In the lmmediste vicinity of a growing crystsl

*Iblde, pe 1773,
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thie particle size I8 of great Iimportance in that an Increase in
particle slze will Incresse the setiling rete conslderably.
For s sphericel body felling under viscous resistance in

an infinitely large body of water, Stokes' Law Ffor spherical

particles appliss, and iz represented by the iollawlng eqm&tkongz

¥y = 5%»&3};}2 (p' - Jﬁ)g

u
velocity of fall, em/sec;
dlemeter of perticle, ocm;
denslity of splids, gms/ce}
density of fluia, gms/fee}
vigeoslty of fiuid, poises,

where,

B od
SRR R O 1

In the @&éa of non~spheriecel particles different walues for
the constant are used. Settling under the above conditlon:
is ealled free setilings I, however, particles Iinterlere
with e ach other in settling, the process i w&iléh hindered
setiling end Stokes'! law no longer applles.
Tﬁe settling of a4 fine suspension ef solids in waber
or athﬁr fivlds may be d&”id@d Into three stages as fslﬁﬁﬁs
{1) the {irst per:, or clarification zone, wherse

the reate of settling is consitsmx t and the setiling curve of
height of slurry versus time 1s a stralight line,

R

{2) the lest part, or compression zone, whers the
ﬂ&arﬂy is a@mrm&mhina ita alu“m&te level snd the rate is
ting slower and slower. .

{3} the intermediate part, which is & transition
zone bebtween the first and last parite

During the Aﬂlti&l period of constant rebe settling, the y&rtiu
cies sebile mors or less independently of each others 4s setiling
sontinues the erticles are loosely deposited on the bottom of

the chamber, rest upon each other, snd start to build a looss
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layer of solld. When the lager resches the btop of the suspele
sion the slurry is st the polnt of entering compression. Fupw
ther settling ls then sffected by water passing through the
lnterstices Detween the particles. Two types of sebtling
curves, one obtained with hindered and one obbtalned with free
settling, are shown in Flg. 3, page 14.

The difference bebtweern the rate of settling of an actual
alurry and thet of & lone spherical nparticles ls dus to the
particles not bveling spherical and the large number of particles
present in the fluid. Robinsont® writes Stokes! Law in the

following form for such case:

= gggigm:_fal@'

Ug

B8

height of suspenslon, omg

time, mec}

: average partisle dismeter, cmg
density of suspension, gme/ccs
denaity of particles, gms/oc:
visgcosity of suspensgion, polsesy
proporbionality comstant.

where,

%ﬂﬁﬁgytjwtﬂ
ERT I R T

i

The reason glven for writing the eguation in this fomm ls th&ﬁl
the driving forece which causes the setiling is proportional,

not to the difference bebtween the specifiec gravity of the solid
and the flﬁid, but to the difference botwesen the apeeiflic

gravity of the soliid and the suspension surrounding the partlcle,
and that the resistance to setitling of the particle should be
proportional to the viscoslty of the suspsusion of the particles
in the fluld surrounding whe particle. 4lso, the sebiling

cosflficient should depend on the shaps of the particlesa
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Heny sebtling probleme encountered in industry involve
flocculated suspensions rather than indlvidual particless
Flocculation 13 due tﬂ'thﬁ foree of atirsetion bebween pariie
ecles cavsing two or more of them o aggregete into a locv.

If the particles all bery a like chargs, they repel sach other
and rebaln ithelr individuallily and are sald to be dispersed.
If the proper flecculeting ssent ls edded to the suspsusion ac
thet the cherge on each particls ls neubrelizged the foree of
attraction exceeds thet of pepulsien, sndé the perticles will
aggregate inbto floes. Large particles, slthoupgh they still
retain a charge ave so heavy apd thelr centers of abiraction
are so reletively far apert thay thag'wila not form floes,

The degreéee and type of flocouiailen produced Inflwencs the
rate of settling and #final height of elurry more than any other
factor. The degres of {logculabion depends on the following
f&at@rﬁgs

(1) the nature and preveding itrestment of the slurry,

{2) the cherscter and copcentration of the floceulatbing

agent,
{3) the concenitratlion and temperature ol the slurry,
(43 théftimavel&pﬂeﬁ after begiming of fl@aeﬁlatiana
Ifhé suspension of Fins particles, in which the force
of sttrection exceeds that of repulslon, Is allowed to stand
undilsturbed, Ilopculatlon grwceﬁ&s; It is obvious thet the

fioes will sebtle faster than the individuel particles, since
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the rate of fall is proportional to the sguare of the redius.
Thas, during the period when the flocs are beglnning to Iorm
sebiling will be very slowe A8 flocculation continues the
setiling rate will increase untll it reaches & more or less
sonstant value. Floes follow the same type of sebtling curves
as individuel particles but will not form @8 compact & mess on
completion of sebttlings

plyling Stokes! or Robinsont's formulss to flocs

;,r-

in
the variables gannot be determined directly so other methods
heve been developsd for the prediction of metiling ratem.
Geoll end ﬁsﬂabes developed formulas for & suspension of floccuw
lated particles of aniferm sige, in which, given the inltial
height, concentratlon, and ViSGGSLty of the wmedlum one wmay pro-
dict the height of the suspension at any subseguent tlme. Howe
ever, these eguations are limited to the prediction of settling
curves in which the concsnitration will not vary greatly from the
concentration used In debermining the factors given 1n the
sguations.

Work and Kmhlarlﬁ have presented genersl relations for
the settling periods of suspensions over & wilde range of cons-
centrations and wlth dlifferent setiling helghis. By having
data ot one concentration for one Inmitlal height, settling rates
gan be predleted for any other initial helght. Also, by having
daete for several concentrations mettling rates még he predicted

for any concédntration provided the flocs are of uniform size.



VATERIALS AND APPARATUS

Monocsalelum Phosphete: Ths monocelcium phosphate used

for the varlous studies was made by mixing theorstlcal amounts
of bhydrated lime and phosphorie gcid in a rotary mizers Two
- batches of 120 pounds sach were made. Since some lime was
carried off by steam during mixing, additional amounts were
added until anelysis of the product showed one mols of Pylg
per mole of Calds

The chemicel and screen analyses of the btwo batches are
glven in Table I. DBabteh 4 was used for varying the mlxing
time, fesding time, and water to monocel™ ratice Babch B was
uged for varylng the concentration of the origlnal solution and
part of it was screened inte varions Iracticns for varying the
perbticle sige of the feed introduced.

S?ﬁarganspnﬂba, The superphosphate used was made by

mixing theoretical amounts of recycled filtrate, phosphete
rock and phosphorie acids Chemical and sersen analyses are
given in Table L.

Hydrolyzer: The hydrolyzer was made of 4-inch brass
tubing, 10 inches long, with a steam Jacket of B-inch steel

pipes The agitator consisted of & Lrass rod to which two

brass peddles (1/8 x 2 x 9 lnchas) were welded, and wes Iro-

'“Th@ word Ymonocal" wxll bhe used at times to umnet@
asn@aalnxum phosphate monchydrate. :



PAELE I

CHEMICAL AND BCHEEN ANALYSES OF MONOCALCIUM

PHOSPHATE AND SUPEBPHOSPHATH

Chemical Anslyses

5 % ] i
Tobal T@%ﬁl TeDa Gl Hg@
Honocaleium
Prnosphate
Batch 4 20,9 53«9 . ‘
Batech B 2ls4 548  BD.E 0.05
Superphosphate 12:85 EB2ul 42.9 0.8 5050
Sereen &ﬁaiyses
“Wte per ceni rele.insd on
cheém a Monocalecium Phosphate Superpnos phate
Mesgh _ Bateh 4 =~ Bateh B , _
G@ @ L2 G 0 #9 @ » @
100 . 21,8 2B a4 8846
LEQ 15 21,0 10.0
. 800 2441 25.5 J4.1
~ 200 S48 £7.1 18,5
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tated at 14 repstie  Temperature readings were talken with a
thermometer placed at the exit end. Sieam passing Into the
jaeket was adjusted by 8 pressure-reguleting velve in the
steam line. The apparatus is shown plotorially in Flge. 4«

Sebttling-Rete Apperatus: One-liter graduated cyline

ders were used for taking séttlingmraﬁe datas The volume
equivalent to 8 helght of one cenbimetber wes B7.4 cuble cenw
timeterss The ¢ylinders were placed in g galvanirzed shost meial
contaliner, 7 x 20 x 20 ineﬁéﬂ, heated by means of three
1000-watt heating coiln. One of the heating colls was connecw
ted to & bimetallic Cenco~DeFhotinsiy tempersfure regulator to
hold the temperature constent. Clamps Tltted with rubber &%apw
pere wers used to h@l@:iﬂs cyl;nﬁars in place and s amall
stirrer was used to agliate the walers The water level was
held econstent by adding & fine stream of clean water from &
B8=~zallion barrel and sllowing any excess water 59 draln through
an overflow pipe. BReadings were btaken by placing a mirror,
mounted on wire, next to the eylinder st an angle of 45 degress

with the horizontals The apperatus is shown pletorially in

Flgs De

Sereen Analysis Fqulpment: A Tyler Ro~Tep sieve shaker,
adapted for wet screen snalysls, was used for scroen analysis
of the slurrles. Waler from the olity line was added tﬁraugh
two spray noszles screwed in the coveyr plate snd removed

through & 2-Iinch bress tube soldered to the bottom pan. Tyler



Fig. 4 *

Hydrolyzer




Se ttling-rate Apparatus
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screeng of the following slzes were used: 20, 35, 85, 109,
150, and 200 mesh.

Wiseroscopes A Bausch and Logh mlcroscope with magnie

g power of B37.:5 dlameters was used for wmicroscoplc examle

fying
u&fiﬂ? of the particles obtelned from the hydrolyzers It was

th a filar micrometer for particle-sice messurements

;-—'t

equlpped wi
Elutristor: Slze separetion of the ~200 mesh particles

from the hydrolyzer was carrled out with a short-column, verti-

cal, hydreulilc elutrietor®., The elutriation was periormed

in & Pyrex glass column, thres inches high, and three end one-

half inches inside dlameber, The glass column was mounted in

a brass holder, the bottom of whiech was In the Sh&?é of an

inverted conde. A twO*Ela&@ﬂg.&1ase~fi£ting stirrer,; mounted

on & hollow shaft, revolved L zi&e the conical space. The

top of the colwun was fitted wmta*a trough to sateh the wataw

and partl ﬁles wiiieh av@wiluwed« At the upper end of the hollow

ghafl was mmwmtad a dividiag cone designed to give eight rates
of water flow from the B&me B0UPCee. Water from & consianb-

head cone was allowed bto pass throush & nozzle, strike the

éivi@i,g cons, pass down bthrough the bollew sheft and smerge

&t the bottow of the cope supp@rﬁing the. glass eolumm. 1%

then flowed uvpward throvgh a celluliold stralighsening grid, lnto
the glass column, and overflewed, carrying with i1t particles
whose size was governed by the rate of water flow. The rate

of water flow could be varied by cabtehing different fractions
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of the stream from the nozzle with the dividlng cone, and also
by changing the size of nozoles

Vﬁacaaimatarc Yiscosities of the soluitlons wers (iow

termined with a Stormer viscosimeter, 1331 Model, Serial No.
1769« It was calibrated by determining the time reguired for
the paddle to make 100 rewvolutlonz In anlline at different
tenmperatures with the same welght &z used in debermining the
time regulired to make 100 revolutions in the varisus solutions

bes bed

*

v

Pyenometer: Densities of the sclutions were deterw

mined by using a £ ml. pyonometers
pH meters 4 Beclkmen pE meter, Hodel ¥, BSerial Hos
4688, was used for obialning pH readings of the varilous soluw



SETILING-HATE STUDLIES

Generel Procedure

Funs wers made using monocaleium phosphate for which
the mixlng tiwme, feeding btime, water ito monocal ratio, size
of feed, and concentration of Py0y and Cal in the original
lig id werg varied, Huns were 2lso made using fortified
gsuperoiosphate for which the mixing time was vériedt

The desired amounts of liquid and sclid wers added bo
the hydrolyzer and mixed for the reguirsd time 2t & cone
siant tempa?atar@ oF 089 Ce The temperature weas held constant
during addition of the solid by allowing steem to by-pess
the pressure regulator. Upon completion of mixinmg the ene
tire mixture wes drawn off in a liter cylindsr, placed in the
conatant temperature setilinsgerate apparatus, and settlings
rate dsta taken at 98° C. Samples of the supsrnatent liguid
were btaken upon eampletiu@ of settling. A wet screen analysis
of the slurry was then mede with the Tyler BRo-Tap sleve shaker
after washing the solid with 1000 ccss. of water by dllution and
decantation at og? Cs to relbard aoyrasian'af the sleves. Runs
were repeated until at least two of them pave preactically ldenw-

tical settling-rate date.

,ﬂafimitiong

Induction period: The initial perlod of slow set=

tiing during which the floes ere formings The snd of the

induction period for emch settlingerate curve is marked with



an arrow.

Point of compression: Height of slurry at the time
the setiling rebe started to fall off rapiﬁlyAaivided by the
original height of the slurry. PFolnts on the settlling-rete
curves used for evaluating compression points ere Mark§d with

arrowsa

Apparent mmrticle sire: The slze of seitling perticles
as determined by substituting in the Stokes'-law eguation. A
sample of the method used for calculation i1s given in Appendix
Cs The walues of u and p used for substitution in the aquatien
were those determined for the supernestent ligquid remaining on
completion of setiling, while the value of p' was taken from
Perry's handbookg as that corresponding to pure dicalcium
phosphate. U was taken 28 the settlling velocity during the

congstant=rate period.

Effect of Varylng Mixing Time

Oblect: The abject of the first series of experiments
wag Lo compare the sétﬁling rabtes obtained when mixing monoe
caleium phosphate and wéter for different periods bf timee

Procedure: The mixing time was varled aé follows s
2, 5, 10, 30, and 195 minutes. For all runs over two minutes
the water was placed in the hydrolyzer, hﬁatéd to 98° ¢., and
the s0olid added as fast es possibles, This required from 1 to
1% minutes. The mixing tiwe inaluﬂﬁs the time regulred for

adding the s0lid with the exceptlon of the two minute rn, for
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which the'monac&l was placed in the hydrolyzer and wateratb
98° Ce, wddeds For sach mn 750 grams of monocal and 750
grams of water were used.

Observations: When first sterting the experimentel

runs conslderable difficulty was encountersd in obtalning re=-
producible results. This was found to be due to variations
in the temperature during feedings & variation of as little
as 3 or 4 degrees affected the settling rates considerablys
This was especially true 1f the tempervabturs wes allowed to
go higher than 100° Csy which resulitsd in a marked decrease
in the rate. Allowing the temperature to fall below 96° C.,
appeered Lo increase the settling rate to a smell extents |
Buns were nobt made To determine specilically the effect of
tamperat&fs on settling retess

Hesults: Settlingerate curves plotted am height of
slurry versus tims for various mixlng times are shown In
Fige 6« The settling rates during the more cdnstant rate
period, the average settling rates, the poimts.of compression,
and the spparent particle sizes are tabulated in Table II,
page 46, {line numbers 1, 2, 3, 4, end H). Negligible amounts
of solid were retained on the sleves used in the wet scresen
analysis, (for sieve sirzes, ses Apparatus, pagel27 }, so no
attempt was mads to dry and weigh the fractions. Separation
of the =200 mesh slurry iz described undser Elutristor and

Wicroscopic Studies.



[

~877

=
. (SN i KA NER
‘,»T/M.. w Liais T

:

g

.2

s ¥ dad COT R

LMM N . P el

i e

Y L R Frrh pR)
: . WEAERR 1

deis

et er]

i

RNy
ks -
v
BES RR
+
m RERE

T

et 1

N

ey

1
)

N

QS

ol

ey RENE

B R X

I




53

The ssttling-rete curves show that the material set-
tled slowly &t first and the settling rete graduelly incrsased
to a maximm value Just before reaching the point of compres-
glon. OStarting with the point representing the end of the in-
duction periad, until reaching the point of compression, set-
tling veloclitles were determined. These velocltles increased
with & further incresse in mixing time. Determinations éf the
average settling velocities, from the start of the sebtiing
until reachlng the points of compression, show that the set-
tling velocities decreased as the mixing time was Increased
beyond Tive minutes.

The apparent particle size weas a maximum for a mixing
time of ten minutes, decreasing with further increases In mix-
ing'time; The point of compression, was practlcally constant
for all rmns with mixing times of less thean 30 minutes. Dowse
BvVeY, fsr,aAmiximg time of 165 minutes the point of compres-
sion was cénsider&hly higher, being 0.89 as compared to (.70

for a five-mipubte mixing perlod.

Effect of Verying Feeding Time

Object: Eecause of the dirficulty of obteining repro-
dueible results it was decided to add the monocal slowly with
a vibratory feeder énd mix for a period of 20 minutes. This
method gave & more agcurate control bf temperature during

feedings
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Procedures The feeding tlme was varied as follows:
9, 30, and 87 mimites. The monocsl was added to the hot water
during the desired interval of time, mixed 20 minutes after
completion of feeding, seftling-rate deta taken, and wet scrsen
analyses made. For each run 750 grems of water and 750 grams
of monocal wers used.

Results: Ths sebttling~rate curves are plotted In
Fige 7, while settling veloccitles, compression polints, and
apparent particle sizes are teabulated in Table II (line numbsrs
8, 7 and 8)« A leeding time variation of less than 30 minutes
epparently had little effect since the © and 30 minube runs
gave practically identicael results. However, the curves showed
an incresse in the settling rate for a feeding tims‘af 87

minutes. ~ The point of compression was the same for all runs.

Effect of Varying ¥ater to Monocal Ratio

Qbjects The &mﬂLPﬁ of water uaed in the hyerelysms of
monocalcium phosphete 1s an important factor since it mnst
he evaporated from the final [lltrate and also affects the
degree of conversion. -Therefore, runs wers made to determine
the effect of wvarying the water to monsecal ratic on ésttlimg'
ratess |

Procedurg: The water to monocal ratio was verisd as
followss 2, 1, 0.8, 065, and 0.B. For all runs with the sxw

ception of & ratio of two, 780 grams of monocal and the rew
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A

quired amount of water to glve the deslired ratlo w%@@ useds
For & raetio of two, 750 grams of water and 375 grams of monocal
were used. The monocal was added over & period of ten minutes
_with & vibratory feeder and mized ten minutes after addition
whs complete, BSettllng retes were then takens

Resulte: The settling-rate curves for the first three
ratios are plotted as height of slurry versus time Iin minutes
in ¥ig. 8, while sebttling-rate results including the lmst two
ratios are tabulated in Table II {line nuwbers ¢, 10, 11, 12
and 13). As would be expected, settling retes decreased guile

apidly with o decreass in water to monoesal ratics, Partiocuw.

#

larly nolleeable was the longer induction period reguired as

the ratio was degresased. For ratios of 0465 and 0.5 the sliurry
.settled at essentially constant retes of Q.06 and 0.9365 cm/hr.,
respectively, after passing the induction perimd, These seitling
rates ﬁ&y be considered snalogous to those for higher ratios
after entering the peint of comprossion. Huns were attmmpted
using & ratlo of O«4, but the slurry was so thick only part

of 1% could be removed from the hydrolyzer so setiling rates
wers not taken. It wes intended to determine the ultimsts
helght to which the slurry for a ratic of 0.65 would setils

but after allowing 1% bo setile for 285 hours it waes necessary

to use the eguipment for other rums sc the uliimate helight wes

not found, However, judging by the rate of settling during
the last 285 hours 1t was estimebed the ulilmate helght would

be 375 cosa
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The polnts of compression increased and the apparsatb
p&rtici@ sives decreased with & decrease in wesbter to monocel
rabios from 2 $0 O«Be For ratlos of Q.65 and 0.5 therse was
no point of compression since the slurry was elready in that

b tag«e »

Effect of Varying Particle Slze of Feed

Obfect:' in the pllot-plant operations fér making di-
calciunm phosphate from monocalecium phosphate 1t was observed
that ths sizevof foed nifected the particle size obitainsds
When uvsing 8 feed slze larger than 60 mésh a considerable
number of large particles were {ormed which settled ocut Ime-
medlately. When using feed smaller'ﬁhan 100 mesh these large-
particles were not obtained, Since vari&ﬁiamﬁ in the partie
cle slze were spparently due to the size @f feed particles
introduced runs were nmade Lo debermine thelr effects

Progedure: Eﬁﬁ‘particle size of the foed was veried
a8 followa; «2003 -180,+200; -i00, + 1503 -85, +100; and
~35, +65 meshs For each run Y50 grams of monoecal and 75O
grams of water were used. The monocal was added as fasti as
possible (1-1% winutes), mixed for tem winutes at 88° C., and
settling rates taken.

Resultg: The seitlinge-rate curves ars plotted in Fig.
9, while settling velocitles and points of compression are
tabuleted in Table II {line numbers 18, 19, 20, 81, end 22).

The seitling-rete curves show a decreese in the rete of setitllng
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a8 the size of feed was decressed. The polnt of compression
wag essentially constant at 0.69 for all sizes with the exw
ception of the -200 mesh settling-rate curve oy which 1t was

0.71e

Blifect of ¥arying Concentration of Oricinal Solution

Ohisect: In the opropossd process for produection of @iw
calcium phosphaete from wmonocalcium vhosphete the wash water
from ths filters lis to be used to hydrolyze the monocal. This
wish water will e a weak Ga9~?295 golution contalning about
ong part of (al to five of Pulre It was thought thet the cone
centratbion of this solution might afiect the settling cherw
scteristics of the slurry obbal ned.

Procedure: Huns wers mads to determine the affect of
the feileowing percentags compositlons on setiling rabes:

Polg = 30, Cal * 63 Pglp ® 20, Cal = 43 PgOp = 18, Cal = 353
Pl & 10, Cr0 = 2. These solutlons wers maede by mixing the
degired amﬁ&mts of phosphoric acid, lime and walter. The
emount of solutlon and monosal used for each run was celcou-
lated on the basis of the free water present to flve a Iree
water to monocal ratlo of ones

| The solution was placed in the hydrolyzer, heated to
98° C., and the monocal added as fest as possible. Mizing
was then continued Tor ten mimutes at 98° Co, the élurry WaS

removed, and settling-rete date takens
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Repults: A plot of helght of slurry versus time for
the varlous concentrations Is glven In Fig. 10, Polnts of
compression and setitling veloclities are taitmlated in Table
II {(lipe numbers 14, 15, 18, and 17).

The curves In Flg. 10 sbhow a marked decrease In setiling
retes as ths concentration of the original solution i1s Increased.
e average rates varied from 4,70 em./hr, for a esnaeﬁtratienl
of 10 per cent Pplg and 2 per cent Cal to 0.365 cm./hr. for
a concentration of 30 per-cemt ?205 sxxd 6 per cent Cals The
pointe of compression were determined only for percentage
compositions of PpOg ¥ 15, Talr ¥ 5, and were 0.72 and 0.74
rospectively. The slurries for obther concentrabtions settled
- 80 slowly the péiﬁt of compression wae not found. dudglng
from the point of compression for concentrations of O, 10, and
15 per cent Pglg the polnt of compression lncreases with an

increese in concesnitrsiion of the original liguid,
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Effect of Varying Nixing Time Using Fortifled Superphosphate

Object: 4lthough triple superphosphate 1s essentlally
monoeelelum phosphate there are some Impuritles present from
the origin&l'rmckv. These impuritles ars largely S510g,
Pogln, Alplsz, and Callz. The Fe, Al, and Ca Impurities will
be converted to phosphates during the hydrolysis reactlon
while the 510p will remelin unchanged. Because of the Impuri-
ties present and ﬂincé the nature and preceding treatment of
meterial are known to affect the degree of flocculation,
different settling rates for dicalcium phosphate mace from
fortified superphosphate would be expecited than for that made
from practically pure monocalcium phiosphate. Therefors, runsg
were made to determine the effect of varying mixing time when
uaing fortified superphosphates

Procedure: The mixing time was varied as follows: 3,
10, 30, and 195 minutes. The waler was pilasced in the hydrolyzer,
heated to 98° G., and superphosphate added over a period of
about one minute, Wixing was continued for the desired time.
For each run 750 grams of water and 78D grams of superphogs
phate were used.

Hesults: A plot of helght of slurry versus time l1a
given in Fige 1ls Polnts of compression and settling velociw
ties are tabulated in Table II (1ine numbers B35, 24, 25, and 26)»

The settling rates and points of compression for the

10 and 30 mimite runs were elmost identicals For a mixing
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time of 188 aioutes the sotilling rate was lows andd the polind
of sompreselon lower. For the fMveenloute mizing perind con-

-

pletent sotilling reates could not be ouialued alibough wmixing
wes cerried ool under as pearly ldentlesld comditlons s possibles
K] ®
3 B! 2 k .4 “‘-‘a Y N gy o uim Ll g 6" e S L Y oy "
Slnee the viscoslly, deunsiiy, end pH of ihe Ligeld nedium are

known o a&fiest bthe setililng retes these wvalues wers delernined

for a3l ceses within experimenisl srrors The date talulabed
and the curve of Fige Ll for the five-mimmte mizing period

roprosent &n average of sL1n runds
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BLU TRIATOR AND HICROSCOPIC STUDIES

Introduction

Since praciically sll the slurry obtainsed from the varli-
ous runs consistsd of perticles smzller than 200 mesh the use
of screens would not gilve an accurate anelysis of the particle
size« It was thought that an acourate analysis could be obe
tained by using a hydraunlle slutriator to separate the pariti-
cles Into definite slze fractioms and then measuring theilr
sizes when placed under a microscope. This method was attempted
'Eat found to be rather unsatisfactory largely due to the very
minnte size of particles end to the feilure to find a propser

dispersion agent.

Procsdure

The perticles which had passed through the =200 mesh
sieve were silrred with a laborstory stirrer and during stifring
a sample of approximately 50 grams (dry weight) was siphoned
@ff. This slurry was placed in the elutriator and {flow of
waber started. - Attempis were made to find a dispersion apent
so the overfliow of water would carry individual parﬁicles
rather then agglomerates, thereby effecting separation of the
various p&rtiglé gizes.s Different concentrations of the [ollow-
in@ were tried: sodlum silicate, calgon (sodium hexsueteaw
phosphate), sodium hydroxide, and sodium oxalates None of

these showed dispersion to any exbtent and in some cases ssemed
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to favor agglomerations Blnece an effectlve dispersion agent
could not be found, elutrlation was carried out without the
use of a dispersion agent. The water weloclty was sterted as
slowly &s could be obtained wiliith the smallest nozrle. Samples
of the overflow were taken at varicus times on & glass slide

for observation under & microsScopes.

Results

In operating the elutriszbor at a low water velocity the
slurry would setile to about the middle of the glass column
within five minuntes, but after epproximstely ten hours operae
tion pariticles would start coming over. Thls effect was Obm
safyed for the sollids obtained frém experiments in which the
:ﬁixing time, feeding time, and water to monoecal ratio had been
varied. Elutrietion of the slurries from experiments with
other mixzing condltions wers not attempted. In one case the
elutriator was allowed to operate at %}ﬁ cewe low veloelby for
B0 hours. Essentially ell the slurry waé carried over during
the perliod.

Examination of the particles under & miéraseapa ghowed
no approciable difference in the Iindividual particle size,
but theb they were present as egglomerates of wvarious slzes.
By use of a Iilar micrometer the Indlvidual particles were

Found to be epprozimeitely 2.5 microns in diemeters



DISCUBSION

The typs ol seitling rate curves obteined for the
various runs correspond to those of [leoecculated particles as
degeribed in the literature surveye. At the start of settling
the particles were slowly foramlng aggregates, resuliing in a

.
slow rate of settling, and ceusing the induction period that
was observed. As more and larger aggregates were formed the
settling rate gradually incressed to & consbant values

Since microscoplic examinabtlon showed no appreciable
difference in the particle size for runs in which the setﬁiing
rates differed, the varlatioms lm setiling rates must have -
veen due to cififerences in the degree of floceulation. Small
flocs would give & slower setiling rete and highey compression
point than large flocs beeause of the incresased surfsce presant
for the adhersnce of liguids

It may be seen that the settling rates decreased and
pointe of compression inereased for en increase in mixing time
over fi#e“minntes when using monocalcium phosphate. Thils
indicates thet an inerease in mixing time apparently bends %o
retard the formation of large flocs during settling or reduces
the ultimate particle size., The results of the miﬁing timé
and feeding time studies show that the minimum overall time
for feeding, mixing, and settling would be obiained by adding

the feed as fast as possible and mixing only long enough for
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equilibrium conditions to be chiazined.

“he increase In the setiling rate, without any change
in the point of compression, a8 the time required for adding
the monocelclum phosphate was lhcoressed, indicetes & possible
increase In the ultimets particle slke,

The results of the studies for varlsbions in the water
to monoesal ratio show that the setiling rates increased gquite
rapidly for an increase In the ratio. The smell varistion in
apparent particle size for large varlations in Eettlgmg rates
indicates the Increase in settling rates for incrsased ratios
is due to the decreased viscosity of the solubion.

The resulbs of the stuldles for variastlons In the con=-
centration of Pgly and Cald in the original solution show that

the settling raetss increase for a decresse in the concentration

of the original sclution,

Pﬁ
bt
i

Since the solution ussd for
wash weter from the filter, an Inerease In the quantity of wash
water would Increase the settling rate begsuse of boith the
Wigher water to monocsl ratlo and the lower concentration ef
POy and Cals On the other hand, an increase 1lun wash weter
rate would incrsese cosis of ccncentnuting the filtrate, which
would 1ikely be the pgoverning factors

Regults of the runs {or varying the particle sizme of

Bty

esd show that o fesd sise at leasst larpge enocugh to be reteined

on a 35 mesh screen should bes used to obtalin good setiling
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retess Too larpe & feed sike would likely aflfsct the degree of
conversion for & gilven miming time bLecsuse the lerpe partlcles
would not have & chanee Lo dlssolve. completely, t would |
probalbly be advisable to debermine the converslon obtalned for
veriubliong in the particls size of feed Introduced.

In the wixing tlwe studies using Tortifled superphosw

v
7]

mhete, & sglower setbtling te and lower compression point was

font

obtainsd when wizxlng for 195 minutes than when mixing for 30

accordance with the previoun

o
0
o
oo
B
m

minates. This result i&
gtatement that smaller particle or floc sizes world result
in slower sebtling rates and higher coumpression points. The
lower compression point must have been due to oms type of
change 1n the relationshlp bebtween Individual particle size and
floe sizge,

The 3@ﬁp0$itiﬁﬁ_0f fsed appeared to have an affeet on

thie setbiling rates On one vecasion & run was mede with monow

aleium phosphate whickh had an axcess of lime present. The

0D

resulting slurry reached thse point of compression in ten nine
utes, representing 2 sebttling velosity of 4845 cme/br.  This
rate was 5.6 times thai for the correeponding mixing conditions
when monocal wlthout an excess of lime was used., Further
studles of this sffect are recommendeds

In the elubristor studles, seperation of all the pare
ticles from the original sample with & single water welocity

indicated thet the floes were made up of very swell individual
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particles. However, the wabter veloclty for which all the
particles were carried over was only the lowest obtainable
with the noszles used. It is probable that if a lower Teloclty
could have been used soge separetion mey have been ahtaiméda

The siow setiling retes oblalined fur the various mixing
conditions indicate that a larger particle size of the dicalecium
sphate would be desirsble. The settllng rates slso indicate
that the use of countercurrent thickemers would not be feasible
fer washing the sollds unless ratios of waﬁer to monocal of
grecter than wmiity could be used.

The apparant particle sizes as determined by Stokesal-law .

eguation represent an epproximetlon of the average size of

by

flocs present Guring settlings The fact that the suparsnt

o ®

G

particle sizes of the order of & or 7 microns were indicated,

(13

Ty

while the unlliimete partiecle slze was approximated to be 2.5

mierons, i further evidence indicating the presence of flocss

in securate determination of the apparent particle zize could

3

not be expscted by use of this squaition because of the loose
tructure of the flocs and the hindered settling which took

places



CONCLUSIONS AND FBCOWMVERDATIONS

The following conclusions were reached:

(L.) variations in mixing time, feeding time, and
water to monocalcium phosphate ratico had no affect on the
ultimate particle slze obtained as observed in & microscope.
The ultimate particle size was approximated o be 2,5 microns.

(2o) Setiling rates were &ffected by varying mixing
conditions due to differences in the degree of floecculation,
The following 1s an account of variations in settling rates
ard polnts of compression when uvsing wonocaleium phosphete:

(2.) Whern the solld was added rapldly to the hot
liguid in the hydrolyzer, sebiling retes decreased and the
nointeg of compression increased with an incresase in mixing
time beyond five minutes.

{be) When the sol
sion was congtant Lo
Sebtling rates for Ieeding times of 9 and 30 minutes were
practically the same, but then increassd with a further ine
crease in feeding time to 37 mimutes. o

{ce) Sesttling retes dscrsased and points of come
pression increased wilith s decrease In fhe water to monoealcium
phosphate ratlio.

id was added slowly, the point of
compren r veristions in feeding time.
3 m

{de) For feed sizes larger than 200 mesh, points of
compression were constant, while the point of compression for

a feed size smaller than 200 mesh was highers

(e.) Setiling rates decreased and points of com-
presgion increased with an increass in concentratlion of Pgeﬁ
and Cald In the criginel solutlone
(3.) TWhen using fortified superphosphate the sebtbtling
reates were practically constant for mixing times less than
30 mimates and decressed with an incresse in mixing time bee
yond 30 minutes. Polnts of compression decreased with an
incfease in mixing time.

4

]

It is recomnmended that:

{(1.) The effect of temperature during mixing on
settling rates be determined.

{2s ) Further setiling-rate studies be made using
fortified superphosphate.

proper dispersion

(3.) Attempis be wmade to Tind & p
nate particles so an

agent to Adisperse the dlealeium phosphats
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acourate analysils of thelr slze distribution can be mede with
the hydraullec slutristor.

(4.) Attempts be weds Lo increase the particle
size of disalcium phosphate obtained to glve fasbter setiling
rabes end easler filtering properties. The particle =lze
might posslibly be incereased by utillszation of the inverted
solubility curve, or by ths use of & small sxcess ol lime in
the feed. '
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APPENTTIX
AVERAGE SETILING BAYE DATA ¥OR VARIOUS

MIXING TIMES USI

W

J.tv

SUPBEFHOSPHATE

o8

sgulvalent to & helght of one ome

Mixing Time,
Mire 5 10 30 1a5
Toe of runs
uged L0 AVEIw
aoe dala 8 4 2 o
Time of setiling,
Wmirie Helsht of siurryd
o 984 200 285 oY
10 870 952 983 271
20 880 g16 Q29 e58
30 g0 380 8982 283
40 885 B45 250 887
50 B4O 805 8190 870
80 798 782 765 838
70 760 727 718 808
80 735 T1& 702 77
80 V26 o7 828 744
106 721 7R3 896 710
110 7oL 580
180 TO0 672
130 a70
*ﬁeight of slurry in liter eylinder for which £27.4 ces. are



APPENDIX €

SANPLE CALOULATIONS OF APPARENT PARTICLE SIZE

Bubstitution in Stokes'-lew eguatlion for five-minute mixling
time.

For Stokes'-law egquation (see Page 18) 3

T 2 54,5 D° (p' - p)
. .

Changing U to cm./secs = £.37 © 0.001214
5600

Substituting in eguation

i

54,5 0° (2,506 = 1.815)
CQ.02818

04001214

2z 0.00000044Y

0.,000668 cme = 6.68 microns

o

"
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