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THRE JTLUCTURE OF PHOSEEATE ROCK
grUDY OF THE SILICIC ACID CONTENT

by K.C. Schoel and 1. Asomiseen,
cuano~Yortke A.G.,
CeTmany.

In tho courss of our investigations into the structure
of phosephate rock, reported by us oNoe hafore on the occeasion
of the ISMA Technical Conferonos in ¥Madrid {1), we alao gave
some attontion to the silicic scld content of the phoaphate.
The canse of this study was the wish to find an answer 1o

the followlng problems:

1} Practical gxporience has ghown that for the production
of suporphosphato, T orida land-pobble hosphate today -
genorally has to bo ground nuch finer than before and that
anitabllity for scilulation may vary considerably from lot
to lot. This bohaviour of the pobrkle phosphate is obviously
conneated with the fact that with advancing rofihement of
processing tochnique in Floride an incressing proportion of
very fine phosphate particles i3 rocovored from thé matrlx,
This proportion of fino flotatlon concentrate Aiffers from
mine to mine andl fluctuatos botwoen the limits of 60 1o 90%.,
It is greater in the high grades than in the low onesg,
According to ono theory tho noed for grinding the fino
flotation material popoeially fine is due to a sillca
coating of the phosphato grains, and thils aillce coatlng
has to be deatroyod by grinding beforo a gucoossful acldu-
lation with sulphuric pcid can teko placo.

2} Fluorine ovolution in the oourso of superphosphate
roduction has already boon the subject of sevoral roports
?2,3,4). Under practical working conditions generally only
a proportion of 20 to 35%, according to tho type of phosphate
roek, of the fluorine oontalned in tho rock is volatilized,
Whynes and Doe (2) conflrm that the fluorine evolution takes
place quantitativolz in the form of 21F4, which means that
the hydroTluorie acid produced prinarily during tho decom-
position of fluorepatite reacts in the Ffiraet place with




fluorine 1a mot improved through the addition of finely ground
sand, or ovon of procipitated silica . The same wae found
by Delomenioc (3) for quartz and klessolguhr, From this
behaviour of silicic acid he concluded: "It must thorefore
be allowed that the silicate content of the natural phosphates
and above all, the tyoe of gilicatos they contailn have a great
influence on the formatlon of &iTic¢tn fluoride, The silicon
fluoride and 1ta derivative, fluosilicic ancdld, seems to be
mainly derived from certain natural silicates in the roek which
arce easily scidulatod, sndthe scldulation of Lhese sllicates
by sulphuric acid is holpod by the hydrcflucric acid resulting
from thoe acidulation ci tho calcium fluoride." — Such silicates
oecur above nll as c¢lays (montmorillicnite} and felspar,
put thore 1e nlao the posalbllity that ocertain amounts of
gilica may bo part of the crystal lattice itmelf, Attention
is drawn in this conmection to tho wide figld ofthermicallg
Eroduced gilicophoaphatous in whoso cry&tal lattice the PO44-

cn can largoly be gubestituted by Si04*= ~ion.

|
|
allicic acid to form SIF4, They found that the evolution of

In order to clarify the problems indicatod we ondeavoured
to devolop an aa oxact as possible method fur tho determination
of the guartz content of phoasphate rock in order to be able to
differontiate botweon "Juartz-S5102" and "8ilicate-8102".,
3y applying this method to various aleve fractiona of the rock
phosphate in ground and unground stato It was Trled to prove
the presence of a sllloe coating 2f the surface.

The inveatigations have so far only been carried out on
two typos of phosphate rock: the hulk was pobble phosphate whilst
a8 g roforonce matorial Tailbe phosphats was used, The latter
soomed particularly suitable for the following roasonsy

a) Like pebblo phospheats 1t is of socdimentary oxlgin but
differs from it through the case with which it c¢en be ground
and aoldulated,

b} It 1s by coamparison with similar phosphates particularly
Ture. A8 a result no interforence through by-producte (gang,
metrix) need be expectod, v

Ccmplote analysis

For the invesiigation one falrly large sample of 'each of
the twe roeck phosphates was taken from store, The comploete
anglyels gavo the fcllowing results:




ABLE I
Type of rock phaosphate
pebble Taiba
Polg 34,927 37.,46%
20, 2,224 1.55%
) 3.84% 4,15%
510, 6.25% 2, 98%
863 0.64% 0,08%
Cal 48, 38% 50,97%
b D 0.084, -
Fo o0, 1.09% 0.97%
Alzi)3 0.99% 0, 78%
Ky0 0.11% 0.,06%
Na,C 0.33% 0.12%
Acid inaclublec rosidue
(excl. 5iC,) 0. 46% 0. 4£0%
Hzﬂ {noilsturs) 0,29% 0.23%
Logs on lgnition
[oxcl. HEO + CDZ] 2.37% 1.40%
101.97% 101 .15%
-G for W 1.62% 1.75%
100, 35% 99, 40%

The pebbleo phosphate contains app. 8%, the Talbs phosphate

94%. of fluorcarbonato apatitbe, It ie a romarkable fact that
in gplte of its lower carbonato contont Talkse Thosphato can

bo more rosllly soidulated than pebble phosphate. It sooms
to s that this toc is an indication that the silica comtont
which i@ nearly double in pebblo phosphate 1s connectod with
the oaso of pcldulastion,

Examination of grain fractions

Tho unerushod phosphato samplos woro oadch divided into
9 grain fractions, above S0 through dry screoning on the
sercening machine and below $0s through eolutristion in 1/100
n ammonia solution, An avorage semple of ocach grain fraction
was finely ground and its total gilleic aciil aontent detoermined
by tho boric acid/hydrochloric ncid method.  fuartz detor-
minatlcns wore carried out on the ground, as w311l as on the
unground grain fraotions, g usad for this purposc tho X-ray



mothod menticned both by Delomzenle (3) and Fauvargue {3),
Since soms difficultlios had horo to bo overouiie wo shall
dosoribe our working method in some ldotedl.

Quartz analysalas hy ¥—ray diffraction

1. Tigthod

For the analysis n Thiliwe=liffractometor wizh recording
Gelgor countor was used. (u-% -radiation wes appliod.
The diffieunltivs in the X-ray enalysle consistod in the
proparetion ineluding pulvorization of the matorial, In
order to accomplish some dogroo of accuracy in tho analysis
a oortein grain size which dopends on the ehsorptinon of the
material under test must nol bo axceedad. Othorwias thore
18 nc guarantee that the nunbor o»f particles in rollscting
position an the surfaco of tho speeimen corrosponds to tho
averaga for the apecimon, Sxcweslve graln sizes load Lo
fluctuationg In tho interfersnco intensity from cno specimen
to tho noxt, Alexander, ¥lug and Xummer (6) stipulated for
thoir Quigor counter end for plano spocimen surface, slmilar
to tho ono usod by curselves, with o pormiselblo noan error
of 1%, » permiseible upper 1lmit for quartz crystallites of
app. 5S4 .,  Von Engelhardt {7) ealculated for tho absolute
analysis »f quartz a pormisalblo maXximum grain sizc of app.
L, "o have attempted to fit ocur speclmens intc the oxder
of magnitude of lace . A sarics of Taiba phoaphato samples
was roduced to a grain size of bolow 4 through ropealed
elutriaticn of tho partielee bolow 4 .., and pulverlzing of
tho cocarscr onas, The result was a narked ingrovemont 1ns
tho roproduceibility of our resulta, At the samo time
howovor wo found that the rosults auggostod a highoer quartz
content, Exconsslve pulvorizing of thoe two-phase alxture
of aggrogntes of very amall trimary particles of vhosphate
on tho o¢ne hand and of coarscer, ss well as hardser, quartz
on tho othor hand {other commoncnts of rook pbhoaphato can
in this ccnnoction ba ignored} leads to an
apparent increase in quartz content, which may T:2ssibly be
oxplainsd by assuming that a portion of the scfter phosphate
haa boon powdored sc finely that X-rays could no longer
detect 1t as crysislline nmaterlal.

A more advanced pulverization of the phosphato, com-—
pared with quartz, could poessiltly alsc lead tn a kind of
"eopting" with phosphato flnos of the coarssé guartz greins,
and 80 1o a seeming diminution cf the gquartz content, On
thle subject toc wo cerriod sut a number of axporiments:
wa sprinklod tho surface of the preparation with water,
glycerine or alcohol, but we were unable 1o obtaln any
definito rosults, Nolther couald tho possibllity of a
preforrad oriontation be exeluvdad. A loosening of the
surfecs as described by von Engolhardt (7) 4ld not improve
our rosults, Von Ingolhardt rocommends aclving the
%ueatian ag to whothor there exletse a preferrod crlentaticn

hroeugh rotation of the preparation surfeco in relatlon to the
X-ray Lkoam, This 1g vnly practical however cn the ssumption
that thero are no changos ir inteorference intensity through
non=honogensous distribution, 1.e. 1f the preparation particles
aro sufflelently small, finso in our experimontis wu werse
unablc to meoot thilas regquiroment for the reasonz dosoribed
carlicr, the possibility of ostablishing a praferrod
orientrtion with aufficiently rinely powdered particlos
‘would hore have only beon of thooreticgl intsercst.
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e decided on a compromise rogarding Lthe powdering of the
samples since 1t was of over-riding importance Lo find a
method of analvsis which would allow the analyals also of
cortain fractions in unground condition, s waTre conlent
therofore in the case of ground sanples to reduce them 1o &
paTticle size of = 604 so ag Lo attain conditicne roughly
comparakle with tho non-ground samples. Since tha individual
resultes showed strong fluctuvaiions a sories of 12 specimens
was preperod of each sample. In tho intorprotution of the
rosulte wo elimingted the two axiromo values and tcok tho mean
value of the ronaining 10 valucs, This method of examining
series of Leats correcponds to ten~fold 1lncreaus of the
speclion surface and was thoretrore 1lkely to lesed to better
resulta. Whather or nol it would be usatul with regard to
this partieular problem could only be seen in the courae of
the Invoestigation, Chemical analyses afforded the means of
checking.

Aftor a wholo serles of experiments dosignoad tc answer
the guestion of the nost favoursblo nethod of »mreparalion we
eventually settied for the feilowlng : The powder was mixed
into a stiff pasite with alcohol and applied %o the gpacimen
holder of tho dlffraclcmetor, Then the mass was nearly 4Ty
thoe oxceas malerial was carofully removed with a sharp Trazor
blaile so thal az noar perfect as posaible a surface was
produced, Tere the fact that the mass hardensd during drylng
proved to be anh advantago. "ith this method of proparation
we hoped to avold a possible preferrad orlentation coating as
woll as a separalion during prepearaljon, The reproducibllity

of tho apatite interforenco wiich 18 & MOAsSUYe of tho affectiveness

of the mothod of praparstion was very good. Tpr the evaluation
of tha X-ray diegroms tho intousity of ths atrongesl quartz
interforence (101) waa compared with thet of tho adjacent
apatitce intarforencs {onz), gy Limited ourselves to measuring
only tho suplitudo ol ihe interfcrencos. Tn viow of Lhe
fluctuvations of Lhe guariz interferonce planinetric neasure-
ment woald havoe been ne improvansnt, e refrained from
admixing a stoandard vefersnce matorial, a method described by
Klug and Alcxander (8) and also by Fauvargque (5}, becauso the
standard riaterial has to be very FPlnely divided end compli-
cutions would hava aprisen when using it with the g round
fractions,

To calibrate tho apparatnsz, first of all mixiures of
Taiba phoaphalo and quartz wers measuroed. For this purpose,
the fraction 0,35 - 0.60 mm, ground to less than 00 A4 was
nsed, becausc il was plontiful gnd, nccording to ibhe chemiocal
analysis, particalarly poox in £i62 (1.16%), The admixed
wartz had been olutriatod te a particle slzo of below 30
The rosults of Lhese measurcmonts have been reproduned(Fig.l} in
tho attached calibration cuarve. The calihrn%ion curye
intersects the ordinats al an Intensity ratlo ~quurtz/ apatlte =
0.14 which ropresonts a vory falr asgrocment wiith i1he result
of the test series which for this fraction was 2,16, Moreover
if theo value of ©.14 is gpplied to the calibration curve
{teel? o valne of 1.3¢% 3i0% 1s found for the Talte fraction
which is In vory good agreomont with the rosult of tho chemical
analysig. “Then applying tho calibration curve to the result
obtainad with pehblo phosphata it was takon 1nto account that
thoe diagram of pebble phosphats shows somowhab loss sharp,
lower, intorferences than that of Taiba phoaphuato,
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a) Talba phosphate

The results obtained In the e¢xamination of Taiba phosphate
have boen summarized in ths following tablo 2 :

TABL I 2

Taibea phaesphato

i i i of 2102
. , I . o pe I “tion ! ol )
I et | TRebeh T ehontet1y T hy eray anelyas

i { . i e i [ground} ; (ground](unground)
] /" | & 1 I ]
1 { - i 1 |
| I | 1 |
I 1 | I 1

1 P> 600 i 0.9 i 0,68 i 0.6 E 0.4
|

2 I ﬁ(){) - 3\50 ’I 1“.‘302 : 1-16 : 1.3 ll D.B

8 1350 - 200 | 96,3 I 2,01 { 2.4 | 1.0

4 j 200 ~ 105 ; 32.1 i 3.22 E 2.8 ; 3.0

5 I 105 - 60 1 16,8 V4,47 ! 4.2 1 3,5

6 i 60 - 35,6E 6,20 E 4.08 i 3.3 i 4.0

7 : 35,‘) — 11n2{ lvll { 2005 : 211 : 115

8 i 11,2 - 3.6 | 0,18 | 2,09 E £ 1 1.3

9 (3.6 0.4z i 1.60 i 0.7 E 0.8
I 1
| [ | | |

I
I
|
|
I
|
|
|
|
I
|
|
|
!
!
|
|
|
I
[
1
1
1

+ Tho aquentity wae insufficiont for a sseond X-Tay.

Comparing to bogin with tho three 5102 valuos with each

othor there is remarkably good agrooment botwsen "chemical
anglysis, ground" and "W-ray analyais, ground", But also tho
values found in tho X-ray analysis of the unground samples are
on tho same level in view of the lowor measuring accuracy to
be expected, This leoads to the conclusion that tho silica in
Talbka phosphate i3 prosent cascontially in tho form of quartz,
Only In the finest fractions {<1lm }, which are however
quantitatively of 11ttle importance, the X-ray snalysia gave

arly smaller valuos which indiocatod a small content of Very
fine silicate (clay) particlos.

A8 to the-guestion of a possiblo silice coating of the
grain surface tho result gives no clear answer. On the
aapumption of such g silica coating the siliens content should
increase with diminishing particlo alze owing te the rolatively
Yarger surfaco. This appliles in the presont case down to a
particle size of 604 and inm this range is alsc Tound the bulk
of the phosphates (92%), dolow 604 howevor the 5102 content
decronsas rapidly, A furthsr point against tho sillica
coating of tho surfacec is alwc tho fact that the {~ray analysis
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valuee of tho unground samplos throunghout aro not highor than
thoso of tho ground ones. '

b} Pobble Phosphate

The following Lablo 2 contains tho valuss {eand for pebble
phoaphato:

TARBRLE 4
Pobhls Fhoaphato

I

Fraction i Dlanetor [Proportion i hos102 ,
- { equivalent | wmgght : eh@mical}y! by xur&¥ analysia
| p | A ! {ground) ! (ground }(unground}
i i — | l +
1 | » 3500 11,9 IO T S A
2 i 3500 - 1120? 25,6 i 4,98 E 4.3 i T
3 L1120 — 350 | 36.1 I 7.98 I 7.8 L 3.7
a E 350 - 105 E 25,9 i 6.2 | 5.7 1 3.5
5 | 105 - 60 ) 0,62 I 5,45 I 5.4 13,0
6 |60 - 35.60 ©.18 9.0 8.4 | 11.2
7 l3s.e - 11.2) 0.%21 6,83 I 5,2 P6.3
B | 11,2 - 5.6 | G.0F a0 ST i 3.1
9 E < 3.6 | .06 8.8 E -t E 1.4
! 1 I 1 I

+ Tho quantity was Ineufficient for a seocond X-ray

++ Too coarse grained

In the cass of pebbla phosphate tho results arc much less
claar cut, The fact lrmodistsly noticeable 18 that practically
thd ontire meterlal (99%} is coarsexr than 103M If the values
of "echemical analysis, ground" and "X-ray anslysis, ground" are
comparsd it is found that although the valucs run somewhat
parallol, the X-ray valuos sro definitely Jower. Tho woighted
moan for the chemical vpluss is 6,40%, for tho T-ray value on
the other hand 5,%%,

The bulk of the silica in pobble phosphato oxlsts thorefore
in the form of gquartz whorsas a smaller portion (~/10%) is present
as silicate, agaln largely in the flnest fractilons,.

n contrast to tho Taiba phosphate wo find in the pebble
phosphate under tast among the various gruln sizos for tha
ground samplos two maxima, ono of app. 8% at 350 ~ 1120/A_ and
a sacond of app. %% at 3& to 604

The X—rav analysis of the unground Hamﬂlﬁa nlan gavo in thia
inatance considarably deviating valuos which on the whole 1lie
below thoso of thoe ground swsnples. Inly for tho fragetions

ot e e T —— T ——



of 105 - 604 and 60 — 354 tho values of 13 and 11% are
congiderably higher. Unfortunately this finding can hardly
ba consldored evlidence for a sllice coating of the aurface
sinco these two fractions tegether only amount to 0,89 and
quantitatively are itliorofors of no significanca, To sum up
1t may bo sald of tho Y-ray analysis that it has given us
ussful values concerning the gquartz content, Although there
are goma Indicabions of a gilioa conting of Lhe aurface no
coerlain proof could bo obtaingd rrom tho examination of tho
unground particlaes,

Microscoplic examination

Finally we tried to approach the problem of silica coating

by microscople methods, Whon fractions rich in sllica are
examined under the micruvscope the transparont clear quartz
grains are noticod immediately in contrast to the phoaphate
%articlaa whioh in tho tranenltted light appear black to dark
rown, Tn ?obhla Fhosphato tho Frnportion of quartz gralne
1s olwearly higher than in Taiba phosphate. Although no
quantitative analysis has ao far beon carried out through
counting of the particles within tho varlous grain fractions
visual ovidenoce shows cleerly that tho bulk of the silicic
acld in both phosphates exists in tho form of inconspiouous
quaxtz particles,

It a drop of hydrochlordc acid (5%) is dbromght onto tho

glids the quartz particlos roamain unchanged. In the phosphate
gralns on the othsr hand solution phenomena immediatoly appear

to start from the outsidv odgo : the dark greains assume a

bright lining which conlinucusly growse untll finally the whole

grailn has bocoma Lrangparonl oxcopt for a rosidual "hazo".
This proceas can be cluarly obscrved in the ndercgraphs of
fig. 2 and 3 which show two succossivo stages of aclution,

Fig. ¢ finelly shows in 60 x chnlargomoent the residual structure

of the grein in the upper right hand corner.

The delicelbo hazo-llke structuro which 1s loft behind aftor
solution of the phosphate materlal in hydrochlerie aeild, still

fully retalning tho shape of ths original grain but disin-

tegrating into tiny bile on touch, is quito obviously a silioca
skeloton. 1t seems Lhercforc that with regard to the quariz

content of phosphate roek wo have to diatingulsh between

Inconspicuous quartz grains (send) originating [rom the matrix,
and g skoleton tormod through silien coating during the course

of devaelcpmentl of the phogphalo grain,

The complexity of the rosults oblained in ¥-ray analysis,

espocially In tho case of pebble phosphate, is apparently due
to tho fact that the two quartz portliona, sand and sgilica

skoloton, are difforently distributed among the grain fractions,
The ronowod drop of tho quartz sontent in the finer fractions,

unexpectod at a first glanco, may be due for instance to the
admixed spnd being coarser by nature than ths phosphate
particlaou, A farther point worth considering 1a that the
s8ilicy ccating cannot assume uwnlimitedly high values but
roaches & 1imit value after covering the internal surface or
filling up the micro-cavitios. Attentlon is drawn in thie
conngetlion to tho work by Hill, Caro and Wieczorok (9,10)
inveatigating tho intornal surface of phospheto rock,  For
further advenco in this field n method of analysls ls needed
which differentiagtes botwoen tho two quartz forma, Work on
the development of such s method 18 in progress,



Niscussion of rosults

On summarizing tho results of our oxperiments with roegard

to the problems posoed at tho beginning, we should like to streas
that our work 13 not yvot finished and that more intensive
reogearch is required, On tho basis of present results the
following slatoments can bo mado:

1) In the two phosphates under exsaination, Talba and

Florlds pebble, 3ilica is pressnt mainly in the foym of quartz.

2} “Jhoreas In Tpika phosphate sillcs in the form of silicate

could be detocted only in the fingst fraotions tho averago
content of silicato-§102 in pobble phosphate was app. 0,5%.

3} Quartz occurs in iwo forng: as COarsor, inconspicuous

particles {sand) and as n skelston which envoln%s and penatrates

tho phosphate gralns, The quantitative ratio

etwoen these two

quartz forma could not yot be determinod,

1) The difficultlos experienced In the grinding and refining

of the pebble phosphato concontrate roforrod to at the beginning
may be ofplained aceording 1o theo aveilablo rosults by & com~
plote silification of tho analler graln slzus, Since tho silica
onetration starts at tho outside and procecds towards the
nelde 1t 1s natural that the smaller grain dizes aro more atrongly
silica impregnetod than ths biggor onos,

5) The presence cf 102 In the apatito lattice could so far

not be established, the Teactive ailicato belioved to be

presont by Dslomonie, which ocontributes to the fluorine avolutlon
in superphosphate production, ig in fect probably very flnoly
divided skeleton gilica, A further proof for this lies in

tho faot that the Teiba phogphate examinod by us containg no
sppreciable quantitise of silicate, vat givea = fluorino avolution
of 20% during suporphoaphate production.

Thoe X-ray analywes heve been carriod out In the Institute

of Minerslogy of thce Univorsity of Gattingoen., Wo are much
obligod to Prof. Corronyg for valuable sdvico, and in particulaTr
. for pormisaion to carry out the X-Tay nnalysis in his Institute.
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