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PRODUCTION OF CONCENTRATED PHOSPHORIC ACID FROM
PHOSPHATES WITH HIGH IRON AND ALUMINTUM CONTENT,
. BEHAVIOUR AND PRECIPITATION OF THESE ELEMENTS,.
..\ MEANS FOR CONTROLLING THEW IN ORDER TO PRODUCE -
.. &N ACID FREE OF WATTER IN SUSPENSION. .

L By A, Michot, o
N T Joeiétéd Métallurgique de Prayon,
Bolgium,
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L. INTRODUCTION

The aclds obtained.by the wet process give rise to the
formation of solld. deposits in varions quantities and of
different compositions, acoording to a very large numberT of
factors, A freshly prepared phosphorlc acid from which a
firast deposit has been separated continues forming precipitates.
This phenomenon may continue perceptibly for a considerable
tima~ﬁaavera1 weeks or several monthae) . S0lid matter 1is
formed even in weak phosphoric acids. VR

Gonerally speaking, the highexr the P205 concentration
of the aoid the stronger the precipltation, This Tesults
in increased troubles in the manufacturing process {oon-~
gestion of piping, the neceselty of frequent cleaning of
the tanks, the complicaticns wh¥nh may arise during sub-
sequent mtilisation of the aoid, etc...].

Moféover,'in céitain cagos, important P205 losses 1in
the deposite are sustalned, It ia obvious that these
harmf affeets should be remedled to the greatest poesible
oxtent., . S

Lot us consider successively three typee of phosphoric
aeld obtained from phosphates with increasing FeZ203 and
Al1203 contenta; ‘

P — I .Comtemte inb _____________ i

[ R [ me203 . L M1203

iPhosphate 4 _, ____ N 2 S— i — 0.40__________
|
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|
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The preparation of phosphoric acid by aulphuric acid attack
and filtration of the slurry obtained does not present any
problema particularly related to the Fe203 and 41203 contents
of these phosphates,

We shall not therefore descrihe this operation, but merely
indicate the analysgses of the weak phosphoric acids whioh we
used for preparing other, more concentrated aclds with which

a%igationa were particularly concerned.
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P205 j Fe203 1 41203
""""""""""""" e
Phosphorio Acid Al ' 28,7 __ | 0.28__ 1. _ 0.38 - ' 1
a I ! _ 1
Bhgénhgzie_éaié_ELh_u,_EELL____4 ______ 0.84 ____ 4_d__QL§£ ________ 4
I .
Phosphoric Acid ] 30.6 I 2.25 I 1.10 |
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Preciﬁitatiqna appear in the couraekof'oonnéntfatfon; they
beoome all the more importent as one passes from type A aoids to
those of types(G. These phenomeona are the :subject of our survey,

This includes physical measures concerning apparent volumes
and welghts of depomits, Centrifugations lasted thirty minutes
in a gravitational fleld of about 1.500 g, Flitrations were
effected on poélyvinyl ¢hloride cloths and the deposits obtained
woere washed with aleohol and dried hefore analyels,

In order to reveal the presence of certain well-defined
compounds in the deposits, wo have proceeded as followe:.

Havihg found by chemi¢al analyeis the concentrations of the
main anionie and cationic components, we derived from this the HT
lon content by calculating the difference hetween tho sum of ' the
anions and that of the ocations expreassed in milli-equiVAlepts;f

'in 100 grame {mbq/100 g).

In the déposits in which one aaslt was definitely predomihant

in relation to the others, we were led to ecalculate 1ts exis-
tence according to the results of chemical analyses. As we
generally knew Its cryetelline charaoteristics, it was enough
to examine by the microsbope a sample of the undried deposit
in order''to check our forecasts. : ' : ‘

Thid procedure, which cannot be applied in all casen,
engbled ua to reveai with certainty the presence of calcium
sulphate and fluoride, and two types of ferric acid phosphates:
FBHg(PD4)2,2,5 H20 and Fe(H2P04)3,2H20, o

Cortain ‘analytical results obtained with depoeite in
which the aluminlium content I1s not negligible as compared with
that of iron indicgte that aluminium would alsc precipitate in
the form of aluminium phosphates. (Reference 1),

The indication of sodium and potasslun fluosilicates 1is .
more difficult. . Among the deposits examined, we found none.
of which the major part was made up of one of these salta.
However, in the deposits collected from type A phosphoric geld
coneentrators 1n the works, we found in some cases sodlum _
fluosilicate contente up to 65%, .

- D
. o t
] . . . .o
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In certaln favourable cases, fluosilicates can be
identified by the following reaction:

81F6~ + 40H ———-- 3 6 F~ + 5108/ + 2H20.

In the course of interpretation of nwnercus analytical
results, we have been led to admitting the exlstence of
sodlum and potassium acid fluorides (Roferences 2 and 3).
However, microscopic examination of the depesits never showed

" ue indisputebly the rhombohedral shape of NaF,HF, nor the

cubic one of K&, x HF, which may be accounted for by the fact
that these substances attack the glasa plate of the microecope
and that the goometric shape of the erystals alters; the
smaller the crystals, the quicker this alteration oocours,

The chemlcal analysis of the agqueous extract of certaln
deporits indicates the putting in solution of hydrofluoric
acid, which fits in well with the hypothesis of the presence
of acid fluorides,

Thesoe lattoer points, which depart from our subject proper,
heves not been estudied 1n dotaill,

A few photos of varlous ealts, definitely identified
dus to their very high concentration are shown at the end of
this report (photos I to V).

II. PHENOMENON OF PRECIPITATION IN PHOSPHORIC ACIDS PREPARED
FROM TYPE A PHOSPHCRIC ACID

o By L o L L ———— o —

-d-—-----u---——-n-i—nwﬂ—-—-—--ﬂ_--ﬂ--——l-l--—---————HF——---------——#-——F-—

Flltrations Iinter-

Contrifugations and

Treatment of acld dovcantatione iInter—

|
)
| rupted Dby rest

(x} Times, in hours, are rockoned from the end of the phosphoric

acld productlion reaction.

Sl —— O T T - e e i .

[
|
|
4 rupted by rest periods _periods
Starting hours of I o !
contrifugations(x) | 2 =24 - 46 - 68:“ 100 }
____________________ e T
Sterting hours of | r 24 - 72 « 168 ~
"filtrations{x) i | 264 - 336 for 28.7%!
| | 205 gold and 1 -
[ I 24 - 384 for 46,3%
} L P205 acid
T T B et b e e
Phosphoric | Densit 1 Toteal apparont volume | % by welght of
acld 1 Yl of slurry colloctsd | total deposit with
% P205 ] i (milli-litre/litre of | respect to the
} ) acid) ! phosphoric acid
—————————— T S
28,7 | 1,306 | 35 I 0.76
__________ i_________1,____u_______-____“_i____F_____,,__;g__‘-___
46.3 | 1,555 | 95 i 2,10
------—----|-Il.-|-ﬁllﬂ~---J ------- W N g whof SN NN e SN LN T BT BN BN TN S ﬂLH-H-IF-__-—----I-'H----“-
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2) Chemical analysle of the doposita

———— ki bty e e B iyt Pl e ——— ——— e

A) Main anionie and eationic components of the deposits
sollected by succeseive filtrations and rest times

of the pecids.
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B) Nature of the main aslts to be found in the depoaits.
a) Presence of caleium sulphate,

Phosphoric acid A - concentration 28,7% P205 -
deposit collected between 72 and 168 hours (4.9 gr/4
1itres of acid) - {photo Neo., 1),

anions | % 1 Mog/100 gr.| Cations | % | moq/100 g, E
e e oo e 4
PO4 = | 4,28 135 | ca ¥t 257 0 1,285 i
304 =~ | 60,00] 1,250 b oNa | 2.65 | 115 !
876 ~ | 3.06) 43 RO | 0,611 16 !
- t | ! A I ' I

7 | 3,47) 163 L Fe l 0,20 ! 11 b
i | | oar ™ l 0,41 i 46 E

! ! | § t(airz)! 0,138 138 '
""""" i et e S A
Totals i 70.81! 1,611 | 120,70 ) 1,611 b
-t———u-—’-—-—i——ui:--———-h ————— —i'nn—-—\-———nﬁmﬂL———ﬂ-.‘uL——-—-n-u—-——urm-—v}

Calci%m sulphate reachos an spproximete concentration
of 861-

b) Prosence of sodium and potassium acid fluorides and
fluoslilicaten,.
Phosphorie Acld A - concentrailon 28,7% P205 -
deposit collected betwoon 9 and 24 hrs (21.9 gr/4 litres

of acid).
- - r ————— uﬂ-{l-l—————l—--l-—l——-l—n-ﬁ——-——n— __H-—T-hﬂ_-----ﬂ"“ﬂ_i
Anions ! % ! magq/100 gr. ! Cations | o :moq/IOD gr. b
P R R T I e 1:
FO4 = 1 1.60} 51 AT AR A P 370 ;
04 = | 20.9 | 435 ! Na ¥ '15.0 | 650 :
= i 1 |
giFe 1 27.7 | 390 kY | 6.48 ] 166 E
F - I 20,7 | 1,090 b pe tHT 1 0,23} 12 !
| 1 | o t i ]
; ! i A1+ 1 0,18 | 20 I
: i | w *(atee)] o.748 748 :
| _! I 1 i 1
““““““ e il R B
Totals | 70,9 | 1,966 | [30.04 1,966 !
E i | i t i
———--n—nr-—--h—-nu‘m--————-———-—nﬂu—nnﬂ —————— -n—‘-—ﬂ—ﬂ—-—qmn ————————————— 1-'

The interpretation of the analytical resultis loads us to
consider out of a total of 1,966 meq/100 gr.

390 meq In tho form of (Na, Z)g E1F6

426 meq of o™, K' ) |

664 meq of H' Jin the form of (NgK}F. x H F
1,090 meq of F~ }



o) Presence of acid ferric phosphatos,
Varlous ferric phosphates which are stabls at a temperature of
25°¢ in cortain P205 voncentration arecas aro known (reference
No. 4 and §),

. ----- B i " - — H--HHT ————————————— Ia-i-ﬂl-mmﬁ———--—-1n—--n—-m—n-—ﬂ---Oﬂ-ﬂ

_ ! i
E Phosphoric acld i Nature of stable compound { Shape of the !
| %P205 (approximate) | |  crystal i
e S 1
1 0.35 to 24 } Fo P04 , 2,5 H20 ! amorphous 4
I e e e A e —————— T
1 | 1 -
! 25 to 47 | Fe 3(P04)2 . 2.5 H20 | priematic needles i
1 } | with 4 faces ending
t { (_in two _pyramids, |
e ittt bbbt N B f ettt :
y 48 to 58 ! Fo (H2 PO4)}3 , 2 HM20 | small hexagonal E
1 i i plates. H
S N frommmm e 1
i 58 and more i Fe (H2 PO4)3 I long stretched g
| l | small hexagonal i
: } = pl ates, i
i | l Jl
J et o e e T T S S e - -——— . [F TR Y PR S a——— et . - i e ey -

Phosphoric acid A - concentration : 46,3% P205 -~ deposit
collected between 1 and 24 hours : probably two cryatale of the
type (Fe, Al) (H2 PO4)3 2H20 aro to be seen on photo Ne, 2.

C) Interpretation of the analytical results,

' T ek e e ey e T ——----—-HHII--H--H--------'-— ——————— —— -
i Phosphoric scid at start - %P205 ! 28.7 | 46.3
B o e o b s e e mm e e e —
] . . 1 1
I Density | 1.306 ! 1,355
; """""""""""""""""""""""""""" F """"""" + """"""""" mmm
i Total time in hours L 386 i 384 I
l ____________________ TR T A R M AR S e s ——— s e — A A EE R AR R RS e
| Nature of the salts | milliequivalents preclpitated
! L in 4 1gtree of phosphoric aoi
b e e e e e e e e e e e e o o e e e e e e i e o oy = L T L 4 P it o
1 1 i
| CaS04 l 278 l 937
l ____________________________________ !’ """"""""""" T TTT T T
i (Na, K)2 SiF6 | 107 | 182
s — S S
! (Na, X)F. x #F (Na¥, XV 124 {408

H* I 176 I 362
! F o~ | 300 765
U S + ________ et o o 4 e i e
i (Fe, Al) H3 (P04)2 (FeTtt, a1*t+ f 11 i
i HY w P11 :
] P04 ~ ~~——L 22 l _____________
i (Fo, A1) (W2 P04)3 Fo *TT, AT I 55
I H = I 1 110
\ PO4 ~ ! I 165
J o T
| H3 PO4 15 [ 590
O, e e am o e e e e e e
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Amounte of P205% lost 1n phosphoric scids A

28,7 | 46,3

e ——— A ek e

e o o T e A AL M L T iy S L e L ——— S S

P04 ® total eliminated in the pre-
oipitationa (millisquivalents In

'4 11tros of acid.) :

o e e -

P04 = ongaged in the compounds of the

'type (Fo, Al} H2 (P04)2 meq/4 litres

|

———— A A e et T = ——— e ——— —

——————pmm—— -

T ————-—— R g kel

I _______________________________________
P04 = gngaged in the compounds of the
type (Fe, Al) (H2P04)8 fmog/4 litres
=0f acid)

| e T e e e T e e e

|

[ —————————— FRE T i ke s el

Fe T+ oAl TP combined with P205
meg/4 litres of acid,

A ety ——— i e T T S ) S T 1 S L4 L. S vy 4488 LS o S o S RS = e i A ———y -y S ——— —

I

{Total P205 % present in the deposlts
' In rolation to the 2205 contained
'{n the aecid,

|
| e e o e s o e 4 i o o A S . . o B o T S o o ok

% of P203 prosent in the deposits
 (combined with iron and aluminium)
!in relation to the ?205 contalned
 in the acid.
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TTI. PRECIPITATION PEENOMENA IN THE FTAOCPHORIC ACIDS PREPARED FROM
TYPE P PHOSPRORTC ACID '

A) Treatment of acid,

Single decantation,

We havo made decantations in conical veesels and recorded,
a8 a function of the time expressed iIn hours, the

agparent volumes of the slurriee (ml per litre)

obtained with phosphoric selds of varlous concentrations

(graph 1},

l----h—n—ﬂ—-ﬂTﬂ—M—ﬂ—_M—-——-ﬂ—---\"'*--u-l- ----- L N AN T ATE A FON W k. ekl B TES TS S SN B W -
iPhoaphuric ] Decantatisn times (hours). i

{—~—fr=—r——=— "= ———— e e S S S S T T
1 acld |2l 3l 71191210 24148145] 500 72! 961120} 144 |
i P205 =l e e e e s e S R e e T T e e
[ % i . Apparent volumes of slurries (ml/litre) -
|- —————— +——r-—rﬁ—ﬂ—-—1—-—ﬂ—-—ﬂ—-—ﬁ~~~1-—-ﬂ——~ﬂ—-—ﬂ——-*ﬂ ———————— 4
i Lo { | I I t | { 1 i H
i 29,1 oo 0 oy l1efp b fisl 19t 20 i
e —————— +——r—*h*“ﬂ———4"—“4*——ﬁ—*”hh——ﬁ———4+—*ﬂ—~-4———~ﬂ ———————— 1
' alzel Larl Lastas| | lsalsz| szl -
E 38.9 i251-28;_ J B?J J 43J 45J J J 52J 52J 52l %
T IMF‘__i__'-_uiﬂ_uI_-_I—H_ fnflﬂwulm__l-_rlq___1 ________ i
{ 54.6 |1 25 i R I 250 | i
1 T i { I 1 . I I i i
l-———i-l--—“—-—*--4-——'—-—-‘—-H—-l———qﬂ“--‘—---"mﬂ- --—-'--“'-l—”l-l--'--—--l ------- el —



Treatmaent of the acid,

b)

Contrifugsations followed by decantations and rest times, made several times with various

phosphoric acids, cnabled ns to collest the following apparent volwmes of deposits in

suspensicn (ml/1} which we rocorded as a function of time {hours) - (graphs 2 and 3).
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B} "eights of dry duposilts,
Troatment of the acid.
Phosphoric aclds of various concentrations were left at rost
without stirring and thon [iltered;
operations was startod all over again, The varicua deposita
collectod were washod wilh alcohol, dried and weighed (graphs

¢ and 5),

Phesphoric Acid
at start % P203

[ ———— et LRl

v

aftorwerda the cyole of

. —r-u----u-—--.-.-r-u-—--—--——-l———-#—h—t---w-—-'-n-m——--'

I |Houra of

| pensity Ibeginning
1 of flltra-
! |tiun

L g e — ey —— i - ——

[ ———— e g R R bkl

l—J
[ ]
q._]
L
2]
_—————————
b2
e

% of dry slurry'Total of dry .
with respect to plurry with rest
the welght of poﬂt to the

phosphoric poid'weight of phca
at atart |phor10 acid at
- | atart

i
———————————————————————————— 1-——'
0.31 !_ 0,31 !

|
0,20 ; 0.51 i
0.25 L 0,16 i
———————————— )—v-rm-L———_-————-—---ﬂu———-iHll
1 ]
0,66 0,66 ;
B |
0.10 i 0.76 ;
------------- *""f"“""""""‘_'i
2'03. I 2-03 E
0.36 l. 2.39 E
0,19 i 2.58 H
0,18 i 2.76 E
0,10 i 2,86 ;
——-———--wm—-—-ﬁffe —————————————— E
4.10 o 4.10 1
0.67 | 4,71 !
0,04 i 4,81 i
i 1
1 ]
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2)

—— —— e oy v ——

A) Main anionio and cationic compononts of the deposits
collected by successive filtrations and rest periods of
the acids.

l —ﬁ-'--—-l--t— ------- u—ﬁr--—u—--—-n *-.,_--—_—q__].___-..._-_-_r_-__-.--_"__-_——-‘I
'Phoathric seid i 29.1 I 38.9 i 50.5 |  54.6 E
|a‘t start % P205 ! E i_ i ]
[

f = e e Eaan e A b b= 4
| Density E 1.338 J 1.470 i 1.640 i 1,705 E
___________________ F—_"_"-qm*_lh_—______""rH-_-_'_-__r___________'_"_1
i Total time in c5o ! 236 | s : 220 i
Ihoura : ! L ,E ]
: ___________________ '. —————————— B Y E A e e ———— -i
!Aniuniu components | Total quantity {(grams) of substance eliminated |
! for 4 Titres of phosphoric acid, i
{ -==-gm-mmmm e I g A mmm e ]
p0o4 = E 0,58 ! 1.34 | 82,94 | 162,23 .
1804 ~ i 5.39 i 19,32 i 7.09 | 61,86 E
1 = 1

i 8iF6 - | sas L oesr 1 o202 1 20,55

EF = | 11.19 i 1.73 ! 0,00 - | 0,08

l —

13108 ~ (x) . { - 1 13,00 | 10,90 b
| IR D S LS S R i
a r 1 " T 1
!Cationic componentsl | :
S A S I | {
ica ** { 8,38 i 8.40 | 13.05 | 29.62 n
INa 7T | 2.18 i 3,20 | 11,75 ;i 10,15 i
EK + | 1.22 | 1.19 i 5.18 1 6.89 !
{Fe T | 000 | 0.0 | 10,84 i 15,35 g
a1t | 1.05 i 0.13 L 0.66 1 4,29 E
IH-_-H--HI- ------ ---—-L-- ------- -J-_--I_-ﬂ_--- ————— —--“J--“----—“-------J

(x)

The presence of this exceas of mllicate 138 due to attack of
our ocncentration equipment,
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E)} Nature of the main sgltas found in the deposits,

a) Presenco of caloium fluorids.

Phosphorie aeid P, concontration 2%.1 % P205 - deposit
sollected hetween 0 and 48 hours
(10,6 gr/4 litrss).

30.8 %
34.9 %

F ~ content = 1,620 meq/100 gxr
go 1,745 mogq/100 gr

acontent

Phosphoric acid 7. concentration 29,1 % 7205 - deposit
gollected betweoen O and 93 hounrs
(16,8 gr/4 1itresn} (photo 3},

Ill-—l-——————r—-uﬂ-—-lf——-u ——————————— T——v-——-u—lﬂ-l——lql—-- ————— _1-1—- ————————— —-:
Anfons | % ' meq/l00 gr | Catlons | % | meq/100 gr 1
------ O e
PG4 - 1 1.07! 34 toce tt 1 11,07 553 g
- t 1 i ]

804 ' 15,7 ! 327 ! Net ! 11,2 | 487 !

1 | | ] | ]

5ip6 ™ i 24,0 i ase E Kt i 6.43 i 165 i
g~ | 23,0 1 1,210 P 1 0,00 ) 0 ;

| ] 1 | | ]

4+

E E i Al i 0.01 ! 1 5

| | - L 9.703 ! 703 !

! i ! ! | :

N e B W W TS S ey L i ] P T Sk Ty s

Intorpretation of analytical reosulis
meq/100 gr

Ca T2 240
(Na,X)2 51F6 338
Ca S04 ' 327
{(Na,K)F. x HF Na,K 314
H 670
13 $84

H3 POL | 34
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k) Presence of caleilum sulphate,
Phospheric geld B, concentration 38,9 % P205 ~ deposit
collected between 24 and 336 houra (5.8 gr/4 litres),

] 1 |
{  Anions | % ! meq/100 gr | Cations | % imaq/100 gr |
b e e b mm e bl b e I S S i
i = I I ++ ' |
I P04 I 3.79 120 | Ca | 22,4 | 1,120 !
|

| so4- fsu,5 | 1,000 | Nat ] 1,721 75 i
! gir6é ~ | 6,03 ! 85 ooy * [ 2,93 | 75 b
A | 3.10 | 164 1 Te ™™™ 1 0001 0 E
i . I bom t 0 0,34 ] 38

i | ] + i | H
! : : H I 0.131 | 131 i
'—-ﬁ—b“-—---L--------L--“---ﬂ ------- L--HH--——---l ------- Lfﬂﬂ--—------J

Caleium sulphate reaches an approximate concentration of 74%,
Phosphoric acid B, concentration 50,5 % P205 - deposit
collected between 0 and 20 hours (98,5 gr/4 litres).

(photo 4).

¢) Presence of acld iron and aluminium phosphates of type (Fe,Al)

(H2P04)3

Phosphoric acld 5, concentration 50,5 % P205 ~ deposit

vollected between 48 and 72 hours (28,5 gr/4 litres). ‘
oo N A I S -
! Aniona | G | meq/100 gr | Cations ! % ' meq/100 gr 1
PR, - S— S —— AR V- j
I poa ™ | 67.1 |ozaze @ s | 225 |
I 804 i 10.4 216 ! Ma * | 0,77 i 34 !
I siP6 = 1 0.64 | o 1 oxt 1 2.591 67 ]
i s108 | 1.87 | 49 | re T ! 11.0 | 590 i
. | i oAttt 1 a1 87 i
! i i ! Ht ! 1.421! 1,421 i
1 it e 1 g e e . i e e Y i g -
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Interpretation of the analytical results.,

To +t

n "t _
poL =

AR

Phoephoric acid B, concontration 50.5 % P2C5 - deposlt collected

moq/100 g,

Experlmontal

617
1,421

2,120

botween 168 and 288 hours (6.29 gr/4 13trea) - (photo 5).

P e T T b e e L O (T e e el SN

I |

E Anions | %

E ———————————— S
|

I P0e T 1 64,7

] |

i 804 I 8,92

i |

i SiF6= | 0.6
1

I gl03 | 4.2

f :
]

1 |

1 1

{ i

! '--llln—-w-u—--——-l' ------- L]

Interpretation of the analytical resuits.

' +.-
Fo ++-l‘ Al |-+

H
PG4

Thecretical Difference
a4l
1,294 127
1,941 179

i) pge ML TH KN ET] B MR W . e DT W T T el A ) WO E - _-"——1
| I
imaq/i00 gr | Cations | ¥ ¢/100 gx |
e ety e e e E LT -4
I i l '
{2,040 I Ca R - 175 i
| !
L 185 | Na | 0,48 21 |
| | l i
4 9 X ! 2.38 61 |
1 } 1
,Qi 113 { Fe THF i 10,6 570 E
[ )
| ,m vt 0,32 36
| H N
! I H 1,48 1,484 !
-En-mr--ur--'rl-_—rr'ndi uuuuuuuuuuu m—-iu---m--'-—-..uo-t ——————— '-nn--g-
Mogq/100 gx
Experimental Theoretlical Difforence
606 506
1,484 1,212 272
2,040 1,818 222
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Phosphoric acld B, concentration 54,6 % P205 - deposit

colleoted between 26 and 72 hours (45,5 gr/é litres). .

l##h—-- ————— -n-r-n- ——————— l-‘-—h-l--l--—ﬂln-mi-—'l --------- -1-—-——-|-|ﬂ-r- —————— ollb-ln—lu
| i | | i ' i
E tniona | % Iﬂaq/lﬂﬁ gr | Cations ; % Meq/100 gr j
| . . E i J !
e e e A ———— A —— o e e —— e e ——————— 1
i I I I l I |
t pos® 1 70,0 ! 2,200 oca Tt 1.4 | 57 1
] | | 1 | I i
E 304 i 2.04 i 42 ' wat 0,79 | 34 ;
= I 1
I oiFE 1.9 | 17 okt lo.s9 1 66
E E i i we Y 31,5 | 620 '
a ! ! I AL Tk E O.QQE 110 1
: | l . 1,879 1,872 E
i | | ] I | ]
{ —-—ﬁ-——--—---l-—-n‘-—-—-l--l -------- —l--u-—I—---——-ulr-——--lﬂ-—-———l-l-ln'-l ——————— E
Interpretation of analytlcal results.
meq /100 gr,

Experimental Theoretical Difference
Fe T, a1 T 730 730
HY 1,372 1,460 -~ 88
pod ¥ 2,200 2,180 10 .

A2 the foregoing tests dealt with phosphoriec aclds B prepared
in the laboratory, we made sure that crystasllisations obtained
during production are of the mame nature,

Phosphoric acid B, concentration 49,4 % P205 - deposit
collected during production. (photo 6},

1 I | |
1 [ I | | | ]
E snions | % Imeq/100 gr | Cations i % lmeq/100 gr |
b L I VO [ - L ;
oA : | I
S | 69.7 | 2,200 L ca T 12,33 ! 116 E
| 504 - ! 6,47 | 135 ! Na ¥ 1 0.87 ! 38 |
| siF6 | 0.94 | 13 I okt ] 3.49 | 90 |
_ I | i e | t 1
{ ¥ | 0.01 i a | Fe 112,89 | 695 !
| i i ALt 0,38 I 2
! ; | A ! 1.367! 1,367 [
= i 1 | [ | 4
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Interpretation of analyvbical Toeulbe,

meq/100 gr.

Txperimental Theovretical Difference
re T, Al 7T 37 737
vt 1,367 1,474 - 107
PO4 2,200 2,211 ~ 1
3) Amomat_of P20% lost in phosphoxlc aclds 3.
e o L L A Ll T T L el Oy e T O O | Iv—l--l.-"—-nlll‘I--l\-l ——————— l-n-- —————— rirull'lrii- ——————— e -y -
Phoaphoric¢ acid atb star® 1 } } !
| 28 15
() 205 a 29.1; AELY E 50.9 504.6
___________ :_H__mm___-______4___d_,%___*d_u__F____F_u_ﬁ_________ﬂ_
robal POA - eliminated in 1 18 1 42 ! 2,620 15,130
the precipltates {milll- ! } ! }
aquivalenls in 4 1litros of E i i |
actd] ! | |
___________________________________ ir_____4_"_HH____gm__”_*__4______+d"u_
— . | | 1 |
P04 ® ongaged ln the eom— | I 30 ! i
| H i
pounds of Tho typa {Fo,Al]H:i: ] : i
(PO4)2(meq/4 litros ol acid)) | ! |
| | | |
—ome T A L pom T i
P04 ¥ ongaged in the com— | ! b 1,893 (3,906
|
pounds of the typa (P, Al) % i E
(B2 PO4)2(meg/4 1itwos of | ; ' |
. : o | ‘ I
ﬂﬂld] : | = |
"""""""""""""""""""""""""""" s e A S
vo TTT 4 a1 T combined i 0 E 18 1 631 1,302
with D205/ mog/4 lltres of | ' Y¥a +++ 1} Fe +4++058Fe +++849
l I AL 44414l AL A+T3 1AL +++477
sotd) L | |
"""""""""""""""""""""" L E A RN (A
Total % P205 pregent in tho O,UE} 0.04 : 1.87 :3"28
deposits i relation %o thoi ! i !
p205 contained in the acid | | 5 |
________________________________ RS P IS S —
| |
% of P205 pressnt in the 0. 0C 0,03 1,35 {2.50

deposits combinod with iron

and agluminium in relatlon to
the P205 contalned in the

i ———————

T

i
f
I
i
1
1
I
]

e e

A e i LA DT e W

T O T A o e e e - e T T EE T T

s S el I £ G T £ 4 e [ I T A T M e e S O T el R [ =1 ]

o WA= TSR O e e
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IV. FEECIPITATION PHENOUENOM IN CONCENTRATED PHOSPHORIC

ACIDSG PREFPARED FROM TVET € PHOSPHORIC ACTD

1}  Physical measurements

Trogtment of tho acid

A oy ' ——

Phosp

—— i b

horic

aoild
% F205

Ll L p—

-

1

e e e e ———

Nenslty

b

Noeoantation of the
40,4% 1205 acld -

4 hours at 50° ¢,
Elimination of the
deposit.
Concentration of tho
clarified aocld to
56,1% P205, Rest
during 48 hours gt
ambiont temporature
and centrifugation,
Total apparent
volume of slurry
collected,
{millilitre/1itro
of acid,)

ol ———— ey n T —— A i — i e Sy A

1
[
1
I
4
1
3
1
1
1
i
1
1
1
1
1
1
3
1
i
1
1
1

1
?
1
1
1
1
—
I
1
i
1
1
1
1
1
I
[
1
E|
]
]
1

Acld left at
rost, Starting
hour of docan-
tation at 90°¢
- 4 - 28 and
100, Quick
cooling to
200. 72 hra'
roat,
Elimination of
the deposit,

e e L Tt

% by welght of!
total deposit
wilth reapoct

to phosphorio
acid,

—n-n-u.—-——n--m
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deposits, combined with 1ron
and aluminium, in relation to

the 1205 cortalnad 1n the acid}
_____________________________ P P |

S + ________ - i |
Phosphoric acld % P205 ? 40,4 i 56.1 E
———————————————————————————— R el
Denaity i 1,60 i 1,83 E
———————————————————————————— o
Treatment of the acid | Docantation : 4] Decantation at g% !

{huura at 50° C.E after 4 hours -~ 28 E

E | and 100 hours. ]

* | Quick cooling to 2oﬂ

! - 72 hours of reat E

] ! and decantation, |
---------- e e A
Total P04 ~ eliminated in E 1,550 ! 19,600 E
the procipitatos (milli- : | ;
equivalents in 4 litres of E i E
acid) i i |
I — e e a
P04  ongaged in compounds of} 1,232 I !
the type (Fa,al)td (P04)2 — 3 i i
nogq/4 litres of acid. | | i
e b e ;
P04  engaged in compounds ufE 1 11,775 E
the type (Fo,4l) (H2P04)3 - E i 5
moq/4 1itros of acid E i E
————————————————————————————— o e e e e e
Te Tt + a1l T"oombined with i616 Fol 360 1 3925}Fei112280 ;
D205 (moq/4 litres of acid) 1 ALTTT256 ! AlTT71645 :
_____________________________ O S |
Total P205 % present in the i 1,42 { 11.3 (
depoaits in rolation to the | ! E
Y205 contained in the aold E i i
----------------------------- [l Rt
% of P205 presont in tho E 1.12 6.8 fi

| a»

| i
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V. GENEBAL CONCLUSIONS

AlY the aolde examined aend preparod by the wet process
¢lve rise to the formation ¢f solld deposits, :

The nature of the latver i3 determined by the chemical
compoaltion of the phosphoric acid considered, and their
quantity after a given time deponds on the physical conditionsa
gi }he treatment applied to the acid after its preparation is

nished,

In coertain deposits one may reveal the presence of
cploium sulphate, calcium fluoride,sodium fluosilicate and
potaaslum fluosilicate and, it soems, acld sodium and potassium
fluorldes, In practiece, whaen precipltates are limited to
thess snlts, they give but 1ittle trouble,

It is quite differeont when the phosphoric acid reaches
6 certaln concentration of F205, Fe203 and A1203, In such
caped one flnds the pressence in the doposita of large
quantities of P205 combined with irom and aluminium in
roducts like (7e,Al1)H3{P04)2 or more often than neot °
Fe,Al) (H2PO4)3.

N iy NN gy W Pk Sy R iy w mm e v bbbl B el S S gl et e e e T SN NN NN BN BN DN BN NN RN PEE S B BN W W W R BN wi SN A P i wem i S N RS

|
i
Type of |4 p2os
]
1

| 1
| |
i
Phogphoric Acid | % Fo203 ! %A1203
| |
“““““““““““ 17“““‘““'"‘“?‘“““‘"““"“"'r““*“""""""
A L 28,7 ! 0,29 I 0,88
). | |
| 46,3 : .42 I 0.70
i % L
""""""""""""" T
B 29,1 ] 0.84 I 0,54
| i |
I 38.9 ! 1.10 ! 0,74
I | |
i 50,5 i 1.50 i 0,83
| 1 | :
i 54.6 } 1,57 I 1,04
|
""""""""" B B
G I 40.4 i 2,76 ! 1.30
[ 1
| 56,1 | 3.60 | 1.60
I ) |
————lll—-l——l--—-—“——-’-———H—-—H—H—L———-'I ———————— HHL T g W s W S P ek o A T iy

e -—-—-:-::n-——“=-=-nﬂﬁ-—-“n-_n—-—n"——
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The iron and aluminium contonte stoadily increase Irom
Thosphoaric acid A to phosphoric acid C.
The following teble shows thal the lossee of TZ05 bound
with iron and sluminiur likewlse increawms,
A DN Sy S Rl BN sl g S ey N el B B R N D LB R v el ghyl B W B B R B o e m T O S T D . l""‘----l-_l“mﬂ---— ‘
1 L : ]
Phosphoric Acid | Decentations |Total 72051 ¢ r205 in |
__________ 1*"—~"""‘“"*"“"$ and filtra- !% in the | the depositﬂﬁ
Type | % F205 | tions — total |deposite  (combinod 1
i
1 | time (hours) |in relat~ | with irom orj
0
! : iion 1o thei Al) in ]
i i .
} | EPEGS in  |'relation to E
| I | tho acid | the T205 in |
| ¥ | | the acid, !
******** s e ey
' ' i I i
A 2 | 336 I 0.06 i 0,04 :
| - 1 | 1
[ 46,3 ; 384 l 0.62 | 0.05 i
---------- L - S
| i ]
| 29.1 | 552 | ©.03 i 0.00 !
1 1 |
3 ! 38,9 | 336 | 0,04 ! 0.03 g
i 1 | . 4
L 50,5 i 288 | 1,87 | 1.35 ;
! f
~L 54,6 | 260 ! 3,28 b 2,50 !
__________________________________________________________ i
. y A - g
| 40,4 ! 4(50%) 1 1.42 l1.12 ,
G I ) I I g
[ 56,0 : 204 | 11.3 | 6,8 E
| |
| | [ 1 |

RN R L A vl B e T T Y ey T T T G i OV O -
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The precipitation phenomena in the phesphoric aclda are
the cause of certain physical trouble dus tc the fact that the
presence of solld deposits in crystalline forma sometimos lend
thom great compactness and rather cvonaiderable hardneszs and can
thuas be a asourco of difficultica durlng hendiing of phosphoric

aclds with a view to storing them,

Whoen aodd iron or aluminium phosphates are present 1n the
deposits, this entails lceses due to the structure 205 in

addition to the imprognation 205,

1. Factors which are likely to influonce these phenomena

favourably

A, How to obtain duﬁoaits of suitablo cryatalline .form

— e ———— T T e e e B i e e o LA e Wy A e oy bt T v ek —— v W e e ———

—_———

The physical conditlon of a precipitate deponds on the

speed with which nucloua crystals appoar and grow,
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Wolmar has introduced the notion of aupersaturation and
defined it as follows :

e i e ————— ——

Difference betwoon the total concentration of the sub-
stance likely to procipitate (Q) and its solubility in the
modium consldered (a),.

=24 ~ 8

In a sufficiently supersaturated solution, small arystals,
called nucleus crystals, form spontaneously, Tf tho degree
of supersaturation is low, the same phenomenon oceuras after a
certain time called induction timo. In case of woak super-
saturation, few nucleus orystals are formed, they grow slowly
in size and finally large crystals ars obtained. High
supersaturations give rise to the formation of many nucleus
crystals and lead to the obtaining of many amall crystals,
When starting from s hot solution, the cooling rate aleo
conditions the stato of the procipitate:; in the case of sub-
atances which are more soluble whon hot than when cold, if
coolin% ocoeurs quickly, the nuocleus c¢crystals are numerous and
crystuls are small; 1f It ocours slowly, crystals will be
lerger, By judiciocusly choosing the speed of cocling, one can
1n principle caunse the formation of z llmited number of nucleus
crystals and feed tLhen,

P P S e — ———— e —— S S b s B ki B o e . i iy

This speed is xuled by the law of Noyes~Nernst,

D
V=I:1A-(Q“B)
in which :
V = the rate of growth of nuoleus crystals (grams per socond)

D = coofficient of diffusion of the substance which crystallizes
{square om per asscond),

It should be noted that this magnitude is inversely proportional
to the viscosity of tha solution,

L ® thickness of the diffusion layer (centimeters)

A = total surface of nucleus crystals (sguare centimoters)

¢ w 8 = supersaturation {grame per cubic centimeter)

This leads us, for given agitation speed, temperature and medium,
to the following formula :

V=% [Q - g
with X = constant,

Yhon nucleus orystale grow in size, two tendencies appear :
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a tendency of gathoring and one of orientation. If the

firet tendency provalla, one obtains amorphous precipltates;

if tho scoecnd 1s pradominating, one obtains on the contrary,
definitcly crystalline prociplitates, All thoss conslderpntions
show that it is deslrable that crystals form and grow in a
woakly supersaturated mcdium, which will be achleved hy a
suitable cooling rate and sufficient, but not too viclent
stirring, in ordor to prsvent destruction of the firat
orystalas, which are always rather fragile.

B. How to obtaln minimum 1ogs_of P205_in_tho deposits.

There ere two kinds of 1205 losses : thoso due to combined
205 {acid iron or aluminiem phosphates) and those duo to
imprognation 1205, if crno wgsheﬂ to reduce to a minimum the
combined ©205, 1t is best to precipitate if possible the
naximun of iren and alwminium in the form of (Fe,Al)H3(P04)2,
2,5 H20 rathor than in the form [Fe,Al)H2004)3,2H20, as the
value of ratio Fo,Al 18 mors favourablc in the firat cesco.

As to the impreggg%ian FP205, 1f one endesvours to obtain
deposits mado up of crystels of sufficient size, while
adhering to the rules of crystallization, 1t will dimindsh,

We would also point that, all other things being equal,
mechanioal treatments, such as decantations, centrifugstions
and filtrations, give smallsr losses by impregnation when
carrled out hot, Thie 1 due teo tho doecrease of ths vis-
coalty of phosphoric acid when the temperature rises. One
should also avold as far as possible the prosence in the
phosphoric acld of any organic matter able to hold P205,

%hen the iron and aluminiun content of a phosphorié¢ acild is
gmall, 80 that proeipitation of acid iron and aluminium phos-
phates ls obtained only from a certain concontration of T205
in the a0ld, ono should effect proparation 1n such a way as to
avold eny concenlration range in which it 1s poseible to have
precipltation with P205 lces,

C) Maxlnum recovery of thc P205_contained in the deposits,

—— iy Ty~ e —— — — —— T —— oy T T ————— ——— ——

When the oombined P205 18 engaged in acld iron and
aluminium phosphatos, one may expect that treatment with
water aots free part of this phoaphoric acid by hydrolysis,
This actuslly happena, o would mention as an exampls, =»
dried slurry from a phosphcric acid obtained from phosphate.
B and containing, in milllequivalents, in 100 grams :

ot

A -t Fe 410

Ta and Al 399 al +4++ 189
g+t 1,200
ros = 1,770

When dleaclving agein in water, 972 meq. T04 " are put in
solution, which corrospeondas to 82,5 % of the total hydrol-
yale a8 pexr the followlng formula :

_ H20 J, _
(Fo,Al) (H2P04}3 ————mm 3 (Fe,Al) T04 & + 2 H3PO4
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2, Practical conslusions concerning the working of_a
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In phosphoric acld production, the aim to be achieved 1s
to reducoe iron and aluminiwm contents of phosphoric aclds to
values such that precipitations of these ions In the form of
acld phogphates have no time to oceur to a oconaiderable oxtent
during transportation and handling which takes place from
the moment tﬁﬂ ntid leaves the phosphoric peid plant until -
1t ie used.

In general 1t is pcasible tc soperate in the course of
conocentretion of the phosphoric poild a large part of the
pulphates, fluosilicateos and fluocrides which aro precipitable,
g0 that in the concontrated ecids, the acid iron and aluminium
phoaphates become the principal components of subsequent
depoatta, In view of the fact ihat the greater the super-
sagturation of the acld with iron and sluminium, the gquicker
and the more Impoxtant the precipltation of these salts, omne
should proceed to one or several cycles comprising a
precipitation phase followed by separation of the precipitates
formod, ualitatively, this process could he schematically
ropresented by graph 6, :

Industrial proparation of concentrated phosphorio acid
by the wet procoss, from Ehosphat@a with high 1ron and aluminium
content should oonsequently conprise the following operations :

l1.— In the coursc of copncentration, a decantation made at the
maximum possible P205 concontration which will not result
in the precipitation of an undus quentity of iron and
aluminium, Thie decantation alms essentiaslly at
ﬂeparatin% the abundant precipltatos of calclum sulphate,
alkatine fluocsilicatos ete,

2,~ One or verioua cycles, comprising :

2 - a prneigitatiﬂn phase conglsting of slow cooling in
a 8lightly stirred medium, for the purpose of promoting
formation and soparation of 1lrcn ang ;Yuminium phos—
phatos in the form of well--shaped orystals of sufficient
s8lze,

2b —~ a separation operation by contrifugation, centrifugsl
‘decantation or centrlfuging of the precipitate obtalned,

3.- Recovery of the P205 contained in the precipitateas, either
hK incoxporating theee preclpltates with fertillsers to which
they are not harmful or by washing them with water intended
for return to the production oyele (sulphuric acid dilution
water for inatance?

e A —— A A ey iy B
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DECANTATION SIMPLE ( graphique 1 ).
SINGLE DECANTATION ( graph. 1 ).

v i
230 , -
54,6 % P20
2001
100
X . - . . 28,9 ¥ PEO5
- " » - - Egslﬁl’?c}
O b7~ ’ — 4 _-..,5
50 100 ' 150 T
CENTRIFUGATIONS SUCCESSIVES ( graphiqua 2 ).
SUCCESSIVE CENTRTIFUGATIONS ( graph., 2 ).
vt }
200-
1001
38,9 % PO,
29,1 % P05
0 y — ' y =
50 100 150 200 To

v =  Volume apparent du dép8t ( wi/1).
Apparent volums of the deposit.(m1/1)

T = Tempa de ddoantation ( Heurss),
Deoantation time. (hours)

Vt = Volunse total spparent des dépSts (ad/ L ).
Total apparant volume of the deposits.(ml/1)

Te w Tenps ds dédbut de centrifugation, (Heurm).
Starting time of cantrifugation,(hours)



CENTRIFUGATTONS SUCCESSIVES ( Oraphique 3 ).
SUCCESSIVE CENTRIFUGATIONS ( Graph. 3 ).

54,6 % P205

W87 % PEDS

-+

100 180 200 Ta

FILTFATIONS SUCCRSSTVES ( Oraphique 4 ).
SUCCESSIVE FITIRATIONS ( Oraph, ¥ J.

vt

Ta

. 54,6
5 % P205
28,9 % P> O .
‘ * 29,1 % onﬁ
t - } ' + -
ano Q0 400 500 o

Volume total apparent desddpits {al/1 ).
Total apparent volume of the depoaits, (ml/1)

Temps de début de centrifugation. ( Heures ).
Btarting thwe of centrifugatien, (houre)

% total de bous miche par rapport au polds de 1l'acide phémpho-
rique de départ,

Total ¥ of dry slurry with respeot to the welght of phoasphoric
aaid at atart,

Tairps .
Timh.



FILTRATIONS SUCCEA3IVES { Graphlcus 5 J,
SUCCESSIVE FILTRATIONS ( Graph. 5 ),

v

35 50 GO 6]

FRECIPITATION DU FER { Graphique 6 ).
FRECIPITATION OF IRON { Greph. & ).

¥l
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/
) F2
4 '
c1 F3
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X = % total de boue sbcha par rappert au poids de 1'maide phosphorique
de départ,
Total % of dry slurry with respset to the weight of phoasphoric aald
at miart,

Y = % P205 de 1l'acids phoaphoriqus B,
%4 P205 of pheaphoric acid B,

Z w Folds do fer précipitd par unité de velume d'moids phasphorique.
Weight of iron precipitated par unit of velums of phosphoria maid.

Fl-F2-F3-F4-F5 Filtraticns.

Cl-C2-C3-Ch-C5 = Conocentratione en fer de 1'mcids phosphorique aprida los
différenten riltrations.
Iron oconcentratiors of the phonphoric aeild after the varicua
f1ltratlonns,

T « fTegps
Tiga,



PHOTO I,
PHOTO I. {(mognified 250 times)

X 250.
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PHOTO Il. x 250,
PHOTQO 1. (magnified 250 times)

.

PHOTO IlI. = 450,
PHOTO [ll. (magnified 450 times).

i \UulllldlﬂHHllllll HHIJ"I l\l\ Ll ”'

It.

GYPSE de

Farme elinarhombigue.
GYPSUM
Clinorhembic shape.

(sulfate caleium)

(calcium  zulfote)

SULFATE DE CALCIUM.

Farmes arrondies duez & des

saries de faces en zone,
CALCIUM SULFATE.

Rounded
infinite

shopes due to an
number of small faces
arranged so as to givr the im-
reund shape,

pression of a

FLUORURE DE CALCIUM.

Forme actaedrique (empilement

de potits cubes - structure
polysynthetique),
CALCIUM FLUORIDE.

Qctohedral shope (pile of small
cubes - polysynthetic structure)



V. PHOSPHATE ACIDE FERRIQUE

FeH3 (PO4)2 . 2,5 H20

Farme prismatique a quatre foces
terminées par deux pyramides
(aiguilles),

IV. FERRIC ACID PHOSPHATE

i /
L
i [.M i”|‘|||b< i

FeHz (PO4)2 . 2,5 H20

] l‘”‘!l:w “\lm.|||.‘“‘;w‘||! il %ﬁﬁ . || Prizmotic shope with four foces
. AL . AL i ending in two pyramids (needles)

FPHOTO IV, X 450

PHOTO IV, (mognified 450 times).

i
ity

V. PHOSPHATE ACIDE FERRIQUE.
Fe (H2PO4)3 . gH20

Forme : plaquette hexagonale.

V. FERRIC ACID PHOSPHATE.

Fe (H3P04)3 .2H20

UL
L
[l
Shape : small hexagonal plate.

M S

PHOTO V. = 250.
PHOTO V. (mognified 250 times)

1. PRESENCE DE SULFATE DE

i
il )
CALCIUM. (type L.)

oy
Wi
I -‘“m
1. PRESENCE OF CALCIUM
SULFATE (type |).

PHOTO 1. = 250.
PHOTO 1. fmngn”fed 250 times)




PHOTO 2. % 450
PHOTO 2 (magnified 450 times)
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PHOTO 3. x 250.
PHOTO 3 (mugnified 250 times)

PHOTQ 4. x 250,
PHOTO 4 (magnified 250 times)

3.

PRESENCE PROBABLE DE DEUX
CRISTAUX DE PHOSPHATE ACIDE
FERRIQUE,

{typa V).

PRORABLE FRESENCE OE TWO
FERRIC ACID PHOSPHATE
CRYSTALS.

(type V).

PRESENCE DE FLUORURE DE
CALCIUM.

(Type 1.

PRESENCE OF CALC!UM FLUQRIDE
(Type NI}

PRESENCE DE SULFATE DE f
CALCIUM.

{typa ).

PREIENCE OF CALCIUM SULFATE
(type H).



5. PRESENCE DE PHOSPHATE ACIDE
FERRIQUE. -
(Type V).

5, PRESENCE OF FERRIC ACID
PHOSPHATE
(Type V).
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PHOTO 5. = 250.
PHOTO 5 (magnified 250 times)

A 6. PRESENCE DE PHOSPHATE ACIDE
FERRIQUE.
{Type V).
&. PRESENCE OF FERRIC ACID
PHOSPHATE
(Type V).

PHOTO 6. » 250,
PHOTO é (magnified 250 times)




