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ABSTR4CT
Acidulation studies on the two major ractiois ofthe Eppawcla rock phosphate, viz. pfirnary
apahlc crystals and ihe natrix, have becn caried oufto detemine the optimum conditions lor
manuinctiuing stugle super ptrosphate fertilizer. The optimum condirions observe.l were rhe
use of 70% sulphruic acid and a cuirg time oI four veeks. Availabte phosphate rs determined
Ii:om the cilric acid sotubiiiry relches cd. j8iu for rhe Eppa$eta r;k phosphare (ERp) 

"Irdl0% for rhc high sade Eppawela rock phosphate (HrRp) under these ;p6;ized ;onditions-
XRI data reveal thar HERP is exclusively hydroxyl apatirc while ERp is conp sed oI :.
hydftxyl apahte as rhe major phasc along with ftancoljte and chlorofluoroapatite. The
acidllated products are quite ditlerent for ll1e two fractions where ERp eiv;s calclun
'nonohydrogen phosphale (CaHpOi) $h;te HERP gL\es catcLum dihldrogir phosphatc

. (CaHrPor) as the Dajor product and calcjum hydrosen phosphate as a -j"or p;du;.

I. INTRODUCTION

Eppawcla rock phosphatc reservc in Sri Lanka is consiclercd as a chlorcfluoroapatite with the
general fo.mula, Ca5(POa)3X ( X= Cl, F). Although this deposit was discovered in 1971, its
detailed gcology was not repofled uDtil 1987. Dahanayake et al. discoveredr that this dcposit
conprises_ of two components: (i) primary apatite crystals consisitng of miinly
hydroxychlorfluorapatite, chlorfluorapatite and Iliorapatite (ii) secondary phospnare mamx
dominated by carbonate fluorapatite with appreciable amounts ofaluminous, fenngi[ous and
siliccous matcrials. The primary crystals have a much lower RrOr (R=Fe,Al) content of
<0.5%, while for the wcathered matdx this is arourd i2% ard has a slightly higher fluoride
coltent-
There is a worldwide shortage ofphosphate rcsources and it is impoftant to utilize even lo!r,
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grade phosphale rock to producc superphosphales Hcre, in addition lo Ca(H:POr)z H:O and

role
in the agrononic effcctiveness of the ploducts' Two ol the commonest \\'atel insoluble

conpounds found in single supetpl'tosphate (SSP) fertilizcr produccd by acjdulation $'ith

sulphu c acid are, FeNaHs(PO+)r.HrO, (FcAl):H,r (PO4)6.6H?O ln addition, their analogues

where Na is substituted u'ith ions such as K' or NHa* may also 1Tc present depending on the

composition of the initial phospllatc rock and their fomration reprcsenls a lowering ol the

soluble phosphate content of lhe resultant fertilizer. Thus, it is impoda[t to compare the

agronomic effectiveness of the SSP produced from the two fractions of the Eppawela rock

phosphate.

AcidL ation wilh llrSOr, HIPO+, HCI and HNO3 hare becn used'r to convetl rock

phosphatcs to more soluble fcdilizers. Out of thesc, singlc super?hosphate and triple

;uperyhosphale (TSP) are the commonest phosphatc feflilizcrs manufactured TSP is the

fertilizer ofchoice when transport over long distalccs is considered. Howcver, SSP planls arc

slill economical wben the transport distances are relatively sbort. Its manufactLue produces no

liquid elfluent and also provides solphur is a nutrienl in the fo1m ol CaSOa for sulphur

deficient soils. Hcnce, SSP is the phosphate fefiiliTcr ofchoice for Sn Lanka'

Complete acidulation and parlial acjdulation studies with hydrochloric iurd sulphuric acids of

Eppa*,ela rock phosphatc has been reporled3 Acidulation with 50u/o sulphuric acid produces

p;ia y acidulated rock phosphatc (PARP-50) containirlg 17%, (by weighl) of availablc PrOs

while complete acidulation yields 21% (by $'eight) of available P:Os. Acidulaljon with nilric

acid4 yielded similar products and paflial acidulation is the prcfcrred choice here since the

producls :uc hrBhly h) groscoPic

Prelious studies on acidulalion have been canied out on a weathcreil matrii with relatively

high RrO3 contenl (R: Fe, AI) and a higher fluoride contcnt Thus, it is important to compare

the behaviour of thcse of lhese two fractions during aciclulation since this has a bearing on

ary future development olthis deposit for producing soluble phosphate fcrtilizer' The present

st;dy is aimed ai tletermiring the optimum colrditions of acidulation and curing time for

proJucing SSP from Eppawela rock phosphatc and to idcntify the producls obtained during

acidulation ofERP aDd HERP.

2 .0  M ATERI4 I .S  ATD VETHODS

2.1 Sample
Two tlpes of Eppawela rock phosphate samples werc used in the present study; these were

Eppawila rock phosphate (ERP) and high grade Eppawela rock phosphate (HERP), both of

which are conmercially produced by Lanka Phosphate Ltd. These samples were crushetl'

powdered and sieved through a 100 mesb sieve Thc resullant powders wqe dried in an oven

at 80 90 "C and kept in a dcsiccator pnor to use

2.2 Acidulatiott stttdies
Fifty gram sanrples of cach type of rock phosphate, ERP and HERP were nrixcd with 20

cmrofsulphuric acid solutions ofvarying compositions from 40-80% and kept rn alr at roorl

temperature. One $am samples of the resuitant solid were taken at different time inlenals

rnto 50 ml conicalhasks, 25 cnt' oi 270 citric aci<l lvas added and stirred for 30 minutes The

resultant suspensions were flltered and I cmr oflhe extracted solution w.ts diluted to I00 cmr
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The phosphate concentration in the solution was determined colorinetrically using the
vanadomolybdate method6 (Cenesis Colorimeter, model 253 at 460 nm). Samples were takcn
e\ er) week lor a pcriod of 5 r,, ecks.

2,3 XRD nteds rements
XRD data on the reactalts and the acidulatcd samples \l,cre obtained using a Siemens D5000
X-ray diffractometer_ The scan raoge r.as fronl 3.0 to g0.0 degrecs 2"{hcta wrth a 0.02
degrecs 2-theta step and a dwell time of I s. Cu_K. radiation generatcd at 40 kV and 30 mA
rvas employed. The raw diffl.action data were processed using .lCpDS daraoasc usrng
fClDFI,?.i software and rhe peaks were idenrified using rhe ICDb powder Dif{iaction Fite
(release 1999).

3. RESULTS AND DISCUSSION

3.1 Acidulation studies
Figures 1 & 2 give the vadation ofrhe available pros (solubility in 2% cirric acid) with acid
concentratiorl for varying curing times for ERp and HERP .espectively. lt is clear that the
optimum concentration ofsulphuric acid for producing SSp is 707o and Leyond this there is a
decrcase in the extent ofthc rcaction. This is consistent with thc tvork ofothersr wherc the
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F-ig. 1 Variation ofavailabie phosphale with curnrg trme fof ERp acidutarcd producrs at differenr HISOa
concentratiolr.s.

Optimum concentration of acid for compiete acidulation with H2SOa was found to be in the
range of 65 70o% and a decrease in available p2o5 observed thereaftcr. It is also crear that a
tour week curing pcriod is essential to produce optimum results and beyond this period,
availablo PrOs content decreases. Similar results have been obtained in otircr mvestrgations
and this has been attributed to the lormation Fe_Al-p compounds formecl when 1ow grade
phosphate rocks are acidulatedr.
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Fig 2. Variation ofavailable phosphate with curing time for IIERP acidulatcd products at differelt HrSOl
concentntions.

3,2, XRD stulies
XRD pattems observed for ERP, HERP and their acidulated producls are given in Figwes 1-4.
The constituents identified ftom the major diffraction peaks are given in Tablel. At least
three spectral lines were used to positively identify a phase rvithout interference from peaks
ofother phases. Both HERP and ERP had XRD peaks at 0.181, 0.184 and 0.343 rur, which
car be attributed to hydroxyl apatite, Car0(OH)r(POa)., with ERP showing lower intcrsitics
comparcd to HERP. Therc are some differences in the XRD pattenN of ERP and HERP in
that the peaks idelltified as hydrcxyl apatite , Ca5(POa)r(OH)r in HERP at 0181, 0.184 and
0.282 nm are noticeably weaker in ERP where peaks at 0.316, 0.27q and 0 270 nm call be
identified as due to Aancolite which is pattems of ERP also show the prcsence of
hydroxylchlorofluorapatlte as a minor phasc.

Fig I XRD prrLem ofERP
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Fig. 4. )GD panem of mRp

found as a secondary phosphate mineral in the matrix of the ore. In addition, )RD also
supports this conclusion where it has been reported that single crystals of HERP are pure
hy&oxyl apatite and the weathered rock (ERp) can be described as comprised of
hydroxyapatite, fluorapatite, carbonate fluorapatite, crandallite. wardite and fuel1ite.

Fig. 5. )GD pattem ofthe acidulatcd product from ERp

A major difficulty in anallzing the XRD data is that of overlapping peaks and some peaks
due to chlorofluoroapatite are almost identical to those of carbonate_hydroxyl apatite,
Caro(POa,COr(OH). Previous work3 using high resolution electron microscopy The )RD
pattems of acidulated products are dominated by the forms of calcium sulphate. Anhydrite
(CaSOa), bassanite (CaSOa.0.5HrO) and gypsum(CaSOa.2H2o) can b; idcntified as
dominating the XRD pattens of tl.ie acidulated products of both ERp and HERP (table l).
However, there are noticeable diffcrences in the calcium phosphate products obtained witb
HERP which eives
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Fig. 6. )aRD pattem ofthe acidulated prcduct from HBRP

Table 1: ldentification ofphases in ERP, HERP and their acidulated prcducts from
XRD data.

XRD Deaks (nm) Phase Chemical formula

EW
0 .l '7 1 , 0.262, 0.227 , 0.213
0.181,0 .184,0 ,282
0.316,0.2'79,0.2',10

HERP
0.181 ,0 .184 ,0 .282
0.2'79 , 0.262, 0.t81

Acidulate.l ERP
0.351,0 .285,0 .233
0.758, 0.427, 0.306, 0.285
0.301,0 .185,0 .282
0 .'7 56, 0.42',1 , 0.306, 0.268

Acitlulated HERP
0.349, 0.281,0.232
0.427,0.'758,0.28s
0.301,0 .185,  0 .281
1.166,0 .599,0 .387,

0 .'7 58, 0.427 , 0.308, 0.267

hy&oxyl apatite
hydroxylchlorofl uoroapatite
francolitc

hydroxylchiorofl uoroapatite
hydrcxyl apatite

anhydrite
g]?sum
bassanite
calcium hydrcgen
phosphate

anlydrite
g)psun1
bassanite
Monocalcium hydrogen
phosphato dihydrate
Calcium hydrogen
phosphate

Caro(OH):(PO,r)o
Cas(POq)r(OH,C1,F)
Car(PO+)e(F,CO:)

Cas(PO+):(OH,Cl,F)
Caro(OH):(PO,r)a

CaSO+
CaSOa.2HrO
CaSO+.0.5H:O
CaHPOa.2H:O

CaSOr
CaSOr.2HzO
CaSO+.0.5H2O
Ca(HrPOa)r.2HrO

CaHP04.2H2O



Ca(HrPOa)r.2HrO as the major compoDont with only a minor amount of CaHPOa.2HiO in
the SSP produced whilc ERP gives CaHPOa.2H2O as the major product. This is a.sigrifictu1t
finding since calcium dihydrogen phosphate, Ca(HrPOa)2.2H2O is highly water soluble while
calcium hydrogcn phosphate, CaHPOr, is water insolublc but citric acid soiuble, still nlaking
it available to plants. However, there may bc a differetce in the agonomic effecliveness of
the two acldL ated products originating from HERP and ERP parlicularly lor basic soils. Wc
werc unable to detect ary insoluble phosphate containing -phases such as
Fer(K,Na,H)H(POa)6.6H2O aad CaAIH(HPOa)r.2HrO which aie repoftedr as thc main water
insoluble phosphates fomrcd durilg SSP produclion.

REFERENCES

1. Dahanayake, K. and Subasinghe, S.M.N.D., Chemical Geologl,, 84, 42 (199,
2. Bartos, J.M., Muli ins, G.L., Sikora, F.J. and Copcland, J.P ., Soil Sci. Soc. Am..L,55,539

(1eel) .
3. Gunawardane, R.P., J. Natn. Sci. Coun. Sri Lanka. 15, 183(1987).
4. Gunawardane, R.P., and Udawatta, C.P., Ce),lon J. Sci.(Physical scie ces).1,27 (1994).
5. I1epcruma, O.A.,l Ndtn. Founddtion Sri Lanka,33,151 (2005).
6. Jeffery, P.O., Chemicul Methods of Rock Analysis, Pergamon Press, Oxford (1971).
7. Prochnou,, L.1., Dillard, E.F., Austir, E. R., Chien, S.H., and Calvo, C.G., Conmu .It1

Soil Science and Plant Analysis,34,2137 (2003).
8. Tazaki, K, Fyfe, W.S. and Dissanayakc, C.B.,Chemical Geology, 60, l5l (1987).

1 1


