
Preiiminary Laboratory Studies sst Eppaveta Apatite 

1 .  AMARASEKERA, R. SOORIYAKUMARAN AND M G.  M. U.  ISMAIT_. 
Ce>!on Inxtiruce of Siienriftc (1118 l ~ ; d ~ t s i ~ i : ~ i  Rrsi'liich ( C I S i R j ,  P 0. Box 787, Ccionlbo 7. Sri l..cri;bi: 

( g n ! ~  o! rec<if>t : IS A.isz<si 1980) 

1:ppawrla apatitc d q o s i t  ivas discovered during systematic geological mapping of 
t-hc kn t l radhapu~a  arra in North Ceritra! Provincc of Sri Lank;: by thc C-koiogi- 
cal Survey Dep~rtmcri t  in 1971. This deposit spread around a n  arca oC 3 sq 
milcs, but wns mosr predorr~inantly concentrated in an arca of 516 ncres in thc 
nortlacrn region of t h e  deposit atic', most of the investigations have heen ca~:ricd 
out  in this reginn 

This is a firin reserve ~f 25 million tons of apatitc having PzO, contcnt oC 30% 
to  35%. T h e  inferred reserve for the entire deposit is arouncl 40 million tons and 
i t  is cstirnated t o  be about 30 million tons of 90% apatitc material, and it- will 
last. for 500 years at prcsent dcmand rate. 

Eppawela rock phosphate b y  itself can oniv be uscd as a fertilizer for long 
ierrn crops. I: cannot be clirect!y ~pp l i ed  to short term crops since it 
ielease;; phosphate vcrv slowly. For short term crops supcrpl~osphate is 
used. It is projcctei? thar in 1.983 tile country wi l l  rcquirc 50,000 tons of 

concentrated s!~pe~ph?sphat t  and 46,000 tons oC I-ock phospl~atcs.3 

Chemical analysis of Eppawela apatite deposit was carvicd o u t  by hoeh local 
arid foreign institutions, and i t  is given in TabIc I .  

Tablc I Chemical Analysis of Eppawela Apa r~ t c  (From LC(. 4) 
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'Though thc P,Oj content of Eppawela apatitc is highcr than that of i ~ ~ ~ p c r t c d  
supe~phosphate to  Sri Lanka (Table 21, the citric solubility is low whcn com- 
pared t o  other types of phosphates (Table 3). 

Table 2 - Comparison of major coitstttuents ~~e t~vcerx  F:pp;twrcl~ A p a t i t e  and 

Corlsr i t~nent  Epps.v:.:ela Aparice l m p o r t c d  Super- 
% (by w ; )  L'hosphatc 2 (by wr) 

h b l c  3 - Comparison of citric acid solubic P, 0, in Eppawcla Apatite and 
o'ihcr fertilizers 

- p- - - - - - -. ... .~ . . --- - 
Fer: ilizer Material C i t r i c  Acid Solu'iilicy >$ P205 

- ~ ~- ~ - - - -  - -- - . .. . -. -- 
Epl>nwcla Apatirc 1 - 0  --- 3 - 0  
Imported rock phosphate 3.4 
Imported super pilosphatc 9 . 0  
Rhcnanin phosphate I&<? 

~ p-p-ppp--. ~ ~ - -  . - - - .- -- - - - - - - - ~ -  ~ - -  

Thus, although the citric acitl. solubility which is used as art index af t11c 
effectiveness of rock phosphate t o  thc soil of the local rnatcrial is ahou!: 51i7: 
less than imported phosphate, it i s  not  suitable to use as a dircct fcrtilizc~.. 
Further a report from, Tennessee Valley authority" states that  thc Eppawcl:~ 
i~patite is noT rccon~inended lor  direct application and is nor cr?nsidcrcd suit.3- 

ble fo; superpLosphatc nlanufacturc unless bencflciatcd. Hcnce rcsearch xvork 
had been carried our  in Srl Lanka on benef~ciariurr of Eppawcla apatitr.' ' " 

Sincc Eppa~vela apstite contains an apprcciabl.e amol,nt ol C! (as ~ v e l l  as F): 
it can cause corrosiorl in wet process bencficiation. ilesidcs, sulphuric acid 112: 

t o  be imported for use in the manufacture of s u p c r ~ h o s ~ h s t c  fcrtiliser. There- 
fore the bcnsficiation method: that- is mosr suitable for Sri Lanka :~.~ould be a 
dry process. 

T o  nchievc this goal the Mineral Technology Scction of ~ h c  Ceylon Institute 
f d  Scientific and Industria! Research had carried c u t  a series of labovatory 
experinnents on  Eppawela Apatite t o  produce an eCfccrivc Ccrtil~zer b y  using 

avai!ab!e materials as far as in  a drv process 

Calcination experin~cnrs were carried out  at high tcnsperatures wit11 local 
1ninernIs such as quartz, dolomite, feldspar, norm& s:qlt and with alkali sx!rs 
like soda ash, hydrated l i n e ,  s0diu.m hydroxide and also with paddy hul! ash. 
I t  WBS found that  beneficiatiorl with soda ash gave a product having about 



27*00';/: t o  30.00% o.f P 2 0 j  i n  citric acid soluhje form.  Eeixcc t h ~ s  product 
which is actuaily a t h e r r n o p l i o ~ ~ h a t e  can be uscd for shor t  t u r n  crops of Sri  
1-anka instead o i  imported phosphzte fei-tilizer-s by saving vaiuahle foreign 
exchange which our  country needs f o r  o ther  development work.  Fic!d trials 
are presently being clrr ied ou t  t o  evaluate t h e  etfectiveiless of this  prccluct as a 
fcrtilizcr. 

'The main differences hetwcen th i s  p roduc t  and Rhenania type12 fertilizer 
wliich is made o u t  o f  apati te,  soda ash and silica are tbc  mcthod of prepaxation 
a~>c< tenlpcrature of calcination. This product is made by calcining apatite wi th  
soda ash alone at  a low tcmpera:urc o f  ! 150°C than  tha t  oi Rhcnnnia p h o s ~ h a c c  
(1300°C to I.100"C). 4 s o ,  tk is  has higher citric acid solt~bii i ty than Rkcnar~ ia  
phosphaic. 

2 .  bxperimental 

In ;i!I t he  experiments, rllc powdered samples br-ought f-rom t h c  tac~o1.y :it 
Eppawela mere uscd. T r e a t n ~ e n r s  were carried ou t  in platinu rn cr~:c ib les  w i t h  

dup!icates i ~ l  temperature controlled elect?-ic ful-ilaces. Treatcd  samplrs were 
qucnchcd in air rapidiy by i rnme~sing thc  crucible in a u-ater suriacc. I n  :omc 
/usion> that  were car-ried o u t  to find the su inc l~ ing  effect, e x p c r i ~ ~ ~ c n t s  with 
sodium carbonate, quenching was doric in water ky imrnersino, rapidly t h e  plai: 
r>ui:l crucible with, h o t  sample in L\:atcr. C:alcin;~tion studies of samp1t.s were 
carr-ied o u t  by using weight r a t i ~ s  o f  apatite and material at a ~ i v c n  condition 

0 ,  

as given in respective tabies. Each sample was analvscd for i t>  'I.,/;, citric acid 
solubility accordirrg to  officiai methods of analysis A 0 A C.' I'?O, content  
wss determined by a spectr:>photumctric mc thod  using arnl~~or l iu  rn vandate 
tc:c::tnt." L)TA analysis of raw apatite \ V ~ S  d u n e  by usinfi ~ ~ S p c k ~ r o t n a m  192 A" 
derivatc;gl-aph a n d  X- ray analysis of sarnpies were done by 11sing qEOI, JDX-8s" 
X-ray powder ditfr:,ctometer. 

Initia!iy a preliminary analysis was carrieci o u t  on :rpatitc rock by DTA; 
X-ray diffujcrl~rneter and cliemicaliv, L;~tei- fusions wcrc car-rirJ out at high 
temperatures (abcve 1000°C) wi th  available minera.1~ a n d  alkali salts. 

Cell dimensions of sodium czrbonate fused apatite saniplcs werc determined 
f ronl X-ray powder diffraction pztterns, takcn >.,sing C u  t;i.rggc undcr  fol!owinrz 
conditions, scanning sm/rnin, soliar sl i t  1" divergence sli;I0 rcceiving slit 0 . 4  
m m ,  t ime constant  2sec. For :his p ~ r p - s e  peaks d u e  to  (211) and (300) 
planes of sampies were taken. 

3.  Results and Discuss ion 

3 . 1. Preliminary I n ~ r e s t i ~ a t i o n  
3 . r . I Chenxicul Annlysis 

Chemical analysis showed thr powdered rock  sampli: which was uscd fo r  
.these exper in~ents  has 34-00% of to ta l  P,O, ou t  of u-hick only  9 .  'ic?:.;: is i n  
citric acid soluble form (citric acid solu5!e P,C), 3-30?;,), 
3 .  J . 2  X-ray Analysis 

X-ray analysis showeci Eppawela apztite is rnair~ly in h ie  f luorapati te form wish 
srnrll amoznts  of chloraparite, i~yclrox~apr. t i te,  ;c quartz,  gocthitc (Fig 1 (A), 



Figurc 1 XRD patterrls of Row Apatite and Calcined Apatite s;1111~1cs w i t h  
PTa,CO_, in the ratio 100: 2P for 3.0 hrs duration. 
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Apart: from thc of the abcve me~ltioned constituents, scvrrsl other 
shifted apatire peaks were observed. These inay be dur to frankolite 
iCaj(PO, CG3 OH), F) a p o l y ~ n o r ~ h  of fluor-chlor arid hydtoxy-apstitc. A f i r m  
conclusion cannnf be  achicvcd due  to thc unavailability of: X-ray data of fran- 



iji' 7 .  Av~clr(rseC.e,ci, r<. Soo*iynFntna~~-r,  i!n:l M.  ti. M. Li. fsm~i i l  

koli tc.  By taliins X-ray peaks d - 2 .a28 A" (21 1) and  cl = 2.7L74 A" (3CQ), 
lattice constanrs of Eppawcla apati te was  calculatcci and  found t o  he  FILS). 4572 A" 
and h ; 6..6785 A" 

; - r , j  Differrntini Th.er-xici :'incilusis 
Differentia! the rma l  znafysis ot  apatite uptn 1000" il d id  not show rrly nppareixt 
peaks (Figurc 2) .  

This indicates tha t  t h t r e  is I:n c!zc~nical or phycicai c-1.i~n~c.s taking plaic 
cluring heat treatment irpto IOOWC. Therefore any :h:mgcs in so!ubilii:y canl:c2t 
h e  expected bclow 1COOC'C. 

Tile rcsults of I leat-treatment of armtitc alonc abovc 1090°C is !:i\-c11 in Tr:blc f-1 

'I';~blc. ,q. Effccr of hcat  treatlucni o n  c i ~ r i r  acid soiubi?ity oi: /i.paiirc 
. - ~ 

7-reztmer~r du:-:.tion c i t r i c  .:<id 
T e m j ~ c r a i ~ i ~ - c  (QC)  (I:rs) s c > ! ~ : ! ~ i ' i c ~ ~ (  \'LC'., 

- -p~p-p~ - -- -- ~ .- -~ -- 

Thcse rcsulrs s h o \ 4 ~  cirarly tha t  t h e  heat t;catmcr,t alonc \v.\:i!l not incrcas!. 
:olubility in citric acid considerahlii Isy changing :he tcnlperatul-c or d u r n ~ i o r ~  of 

i f-eatmcnt of apatite. 

Calcinxtions at- high temperatures were carried o u t  ranciomlv with chc fuliowinl: 
powrdered m:ficrals; ( 2 )  D o l o ~ x i t e  (b) Fr!dspa-r (c) Kaolinitc (d)  Norrnal 
Salt ( e )  Quartz.  Results obxainec! a r e  given in Table 5. 

7- 
i he abovc results reveals tha t  rnicerals like E<a:~lin, Lsolor n i t  e ,  Feldspar, 

C o n i n o n  Salr or  c o r n b i n a i x i  of these cannot be used for succ.cssiui betlcficiatior~ 
of apatite even a t  cerngerarures IlCO"C, since the conversion of P 2 0 ,  for cii-ri- 
soluble f o r m  is only about  17% to 1.9%. 

Te was also observed :>at quartz gavc a 30% conversion on rock apatite when 
calcined a t  1103°C. Hence further studies were carried out- by using quar tz  as a 

rnin eralizcr. 



'3 a 4 Calcination w i t h  Qaattz and Paddy 1 ~ ~ 1 3 .  ,4sh 

The results obtained by calcination of apatite samples with quartz at differep+ 

telnper:lrures :had for  different t ime durat-ion a re  given i t r  Table 6 ,  7 and 8. 



Table 6 Effect of rrmpeaature of treatment on citric acid solubtliry c*t 

Apatite when calcined with constant awount. of qurcrOz for constant  rirrlz 

R A T 1 0  Ci t r ic  acid O x  
-- . - 

,,, Conversion of 
Temp.  D u r a t i o n  sotubiliry P10; ro citr ic  

Apatite Qclarrz "C (hrs) 2, 220, ac id  soluble form 

Table 7 - Effect of dciratisn of treatment on citric acicl sot.crbility of Apatite 

when calcined wi th  cor-istarat amount of qus r t z  a t  c ~ n s t a n t  :elnperature. 
-- ~ ~ -- - -  - -  

R A T 1 0  Ci t r ic  aciil 2':; Conversion ~ ) f  
T e m p  D u r a r ~ o n  s o l u b i ~ i t y  PzC)~ to citric 

Apncitc Qu;artz "C {hrsl % pzo5 ocict solub!c fo:c\~ 

T.~ble 8 - Effect of amount of quartz used o n  cltrlc acid holubilirp of Aparite 

when calcined at constant temperacure tor constarlf time rluratlon. 

l ? A . T 1 0  Citr ic acid ",/ ,. Conversion of 
-- - Tttrnp. L)ur;~rion sulubiliry l'?,Oj to c i t r i ~  

Apaeirr Q u a r t z  ('C (IlrsZ 9; PzOs a c i d  sol:!hI~ forrn 

Fhe above r-s~llrs show t'lat bu increasing temperature of treatment, about 

35'%, 06 conversmn can be obiairaeG Increasing of q~xz r t z  percentage in trcatrnenrs 

yhuws a lotvering of citrlc acid soluble P,O, percentagr Also it  show< rhar 
xbolclt 2 to 3 hrs. rzeatment (Table 7) is sufficient for complete reaction to take 

plixce, Q?ct~vecn qoa:tz R I ~  3 ~ a t i t t .  
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Further experiments were carried o u t  b y  using paddy hull ash obrained by 
burrling paddy hull at  65O0C, This  paddy hull ash contains about  95% silica 
in the arnorphouq state. The results obtained are given in Table 9 10 and 11. 

Tablr. 5) - Effect of tempera ture  of treatment o n  citric acid solubility ,,t 
A p a t i t ~  whcn calcincd with constant amount  of paddy hul! ash !or cnnscnnl 

l ime durrl*' . ion 
-- -. -- ~ - - - - -  ~ 

R A T I O  citric acid % C~nrler-siori of 
- ~ ~- T e m p .  Duracio:) solubil i ty P205 rn citr ic  

Apat i te  PMA " C jhrs) % PzOj acid soluble f o ~ m  

LOO 10 1100 L.OO 11.01; 
100 10 l!i0 2.90 11-50  
; 00 ~n I LOO 2 00 11.60 

.lal.lc 10 - EffcLt of Aurati011 of t reaiment  or-i citric acid ~ o ! u b i l i t ~  ot A p n t i t e  

when  c:llcined with constnnr amount  of Paddy h u l l  AsIr a t  1ISO"C 
---p--- ~ ~ 

R A T I O  Cit r ic  at-id a/. Conversion o t  
- - - --- - - Temp.  Durnr io:~ solubiliry Pz05 to citric 
h p a t i t t  P E A  " C (hrs) % lP20, acid sc\lul-kr furrll 

T:tb!e 11 - Effect of Apatite:  Paddy hcdl Ash ratio n s c d  !or calcir~:~tion on 

citric acid solrlbility 
~ ~ ~-~ 

I< -4 T I C Circic ncicl K Con\,rrsion o f  
. 'Temp. Dura t ion  solubility Pz05 t o  citric 

Apatirr P I 4 n  "C (hrs) % J'$j acid s ~ l u b l e  fotxrt 



From the above !-esults ohrained o n  calcination experiments of apatite with 
quartz and PEA, effect of temperature of treatment,  effect of dura t ion ob: 
rreatnlent a n d  effect of ra t io  of consti tuents used for  trrat lnents are r ! :~ t t ed  
(in Figures 3 ,  4 arid 5) and  variaticw of citric acid solubility i s  c!c.:irly seen. 

From thcze results i* i~ clear chat . 

a) By increasing t h e  temperature and  dura t ion of r rea tment  or by varying 
rhe amount  of apatite t o  na te r i a l  u s r h h e  highesr citric soluble 

P,\S,;?; that car1 he obtained is l2.0j){, irresprt-tive ot silica rnntrri:ll used. 
(wliether quartz ur paddy hull  ash). T h a t  is percentage conver-siim of 
P,Gi in  rock apati te is 35 - 299{. 

W - APA7ITE:ONLY FOR 0 . 5  H r s  

5 - APATITE ONLY FOR I ,O H r r  

C - APATITE:QUARTZ, 100: lO FOR 2 , 0  I-{rs. 

D - APATITE : P.H 4 = 100 10 FOR 2 .0  H r s  

E 

TEMPERATURE (y j -- 

t.izurt_. 3 - . Effect -r?f tenlperature on percentage con\.ersiorr ah Pi05 iri 
A1:atire t o  Citr ic Acid soiuble form when calcined with diifererlt rnineraii.icrs. 



b) To artain complete reaction between PaJdp hull A s i s  or Quartz wi th  
apatite at hlgh remperatures 2 -50 to 3.00 hrs is suff~ciene (F~gure 4). 

C) From Table 8 (and Flgure 5)  ~c is clear that there i s  an opt~mrm 
apatite : Paddy hall Ash or cluarrz rntio thn: g ~ v c s  tht highcsi ciarir 
soluble P,O,O/,. 

d )  According to Figure 3 it is clear :hat we: could not expect 11 higher 
citric soluble P,05 % t h a n  the maximum value obtained (P2.00%), by 
increasing temperature of treatment above 1200°C. 

A .APATITE . P.H.A. , 100'10 
100 

0 - APATITE . QUARTZ , 100~10 

C APATITE NaoH QUART7 .. 100 2 0  10 

D - AWTITE Na,Co, = 100 2 0  

f -APATITE Na,Coa 100 2 5  

F - APGTITE Na,Co3 Q U A R T Z  .. 100 2 0  10 

1 .O 2 0 3 . 0  

DURATION OF TREAT.4OJT (Hrs )  

Figure 4 - Effect of duration of calcination on percentage conversion of 

P 0 in Apatite to Citric Acid su!uble fg?rr.r, whcrs caicined with ilifferrnr 
2 5 

mirrera!.izers. 
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A - APATITE :QUARTZ AT 1150dc FOR 2 , 5  H r s -  

B - APATITE:P.H,A, AT FOR 2 , 5  Hrs .  

C - APATITE :Na,Co3 AT I f$Qc  FOR 3,OHrs  

APATITE TO MATERIAL RAT&? -. 

Figure 5 - Effect af mineralizer racio w e d  in ca!cinaticn cn pcrccntaEt: 
conve?sion of P,Oj in Apatkte to Citric Acid soluble form. 

Furrher experiments were carried our with quartz and other mate ria!^ such 
a3 alkali sil ts t:u find our whether rhcse substances mouid act  as betier n~inera- 
iizer on  calcination with quartz. 

1 .5  Calcination with alkali compounds 

Calcinations were carried a ~ r t  with aparite and quartz aiong with NaOH, 
Ca(OHt, a n d  Na, LC,. Following are the results obtained: Table 12, 13, 14 
atad L5. 



Table 12 -- Effect of NaOH on apatite : quartz calcinatioii Effect of Duration 
of treatment on citric acid soluble P 2 @ 3  
-- -- -- - . , - . - - . . . - - . . . 

R A T i O  
. -- 

Cirtic acid Lj/, Conversion of 
-. Temp. Duration so1ubi:i l y  PL05 to citric 

Apatite Quar i x  NxOH "C (11 rs) ;4Pz C j  acid soiuble i o ~ i n  

Table 1.3 - Effes! of amount  of &(OH), used i n  calcirlaticsrl of Apatite : 

Quartz orr citric solubility 
- .- - - - -- .- - ,- - 

11 -4 *r 1 i> Citric acid 7;; Conversioii of 
- - - -  - --- -I-s I I I ~ .  UUI-arion solubility PI@ to citric 

Aparitt: Cn (OH)? Q u 2 1 . t ~  SC: !hl-s) % PzOj acid soluble forxr: 

Table 1-1. - Effect of texnpernttrre on citric solubility of Apatite avhexi calcinnd 

w i t h  Na,COj and quart:! 
----A- .-. . . - .  . .. . 

R A T I O  Citric acid y ;  Cox~version crf 
-- Temp. Dur:irico solubility P? O5 to citric 

Apatite Quartz Na, COj oC (hrs) :,,:,. P7d5 acid soluble forrn 

Table 15 - Effect of durstiun of treatment on citric solubility ol apatite 

when calcined a t  J 156°C with NaLCQ, arid quart5 
- ~- ~-.. 

R - A T 1 0  Citric acid % Convet-sion uf 
~ . Temp. Duration so l~b i l i rg  PL O j  to citric 

npar i t e  Qilartz Naz COj . ,c (11~s) "/; 05 acid ~oltiblc form 



From these rrsulrs it is evident that NaOH and NaZ C 0 3  has a better effect 
on apzrtite than Ga in readering it t o  more citric soluble form.  B y  
irlcrilasialg duratiora of treatmefit i c  is cleat thae NaOH and  Na,CO, ,. . w o ~ ~ l d  
give high citric soluble P,05 contcnt (Figure 4). 

But in Sri tnr,k;l since the  p ~ i c e  of NaOtI is high, the use of NaOl-I is n o t  
cconoanical. Hence fuatiizr cxperirnxetxts were carried out: using N3,GCJ :IS a 
min:crnliscr, 

TabXe 14 and Figure 3 s h o w  that: whei: tempcratrrre is increaqed b y  keeprng 
Apsnritc . Na2 COi . Quartz ratio constant,  i i ~ r i c  ac~ i l  soE~~bIe P, 0, % rs also 
irlcrea-ine. Table 15 2nd  Figure 4 shoii. t ha t  rcnction conles t o  near complc- 
rioa~ when snniplc is heatti1 for 3 h s s .  

'1 hi ob~ainei l  by %his rakinnfion m a y  be of  rhennnla type 1'0, 
I ler~r:e the possible reactiol: is 

By. . t l? is way l', Oj irk Epp~ivela Apatite can be corxvrrted so  50 ':;; citr ic solu-- 
ble lsrr,i aa:ci can be used as  n fertilizer. 

Furr her calcirt;ltion studies were carried o u t  with NR, COj alone rcr find ou 
the intlueace of Na, CO, 3nd quart7 sepnrately on apatitc. The result., obtained 
a r c  ns iollows {Table i6.). 

.i';lb!c. .!G -.  Effect of duration of treatment on citric ;rsicI so l r~b i l i t~  when 
:\patire is calcined with Ma,CO, ar f 15i)"C 
-- - ~~- - -- ~ - -- - 

R A T 1 0  Ci t r ic  ncicl '5:; Convi-rsiorr of 
. . - . - - . - - T e n ~ p .  Uur;!t ion soluhiliry 0 5  to cirric 

i ' ipacit t :  N ; l 1 C 0 3  0~ (hrs) % PL O j  acid solxtt3lc for111 

.I Oi; Zi! I150 2.50 21,25 6 3 . 2 3  

l ill? 21) 1150 3 - 00 2.3 . 03 61,h-I 

13)~ compar ing  results of Table I6 arid 15, i t  is cleat that Na, C 0 5  nlonc h i ~ s  

:I bcttcr effect on  ;~pa t i t c  1-hac NozCO; and qr.~a;-cz in. heneiiciatioo. Also it 
shows that  81% of P2 CIS in apatite can make citric iiofublc by this type OF 
t , :~!ci~~;-~tions* 

. . 



Furthcr cxpcriruents were carried out S v  varying the tcnlpctaturc of treat.- 

mcnt by keeping the molecular ratio and. duration of treatment corls.tarlt 

(Table 17) nnd also varying the Apatite : NaZ C 0 3  ra t io  b y  kecpinR tempcraturc 

and duration of treatment constant ('i'able 18). Results were as follows: 

Tab]? 17 - Effect of Temperature of ereattnenc or; ritric ncid sol~lbilirr; of 

apatite by keeping thc material ratio and duration of treatment constant 
.~ -- ~ ~ - - . . ~- - - -- - - ~ . 

R A T I O  Citric acid 
(1 , -4, C a n r c ~ s i o n  cf 

-- -~ - Temp. Euracion solnhi!icy P:! C3: rn c i t r i c  
Ap:~t i te  Nar C O )  "C (hrs) ?< PI 0 5  a c i d  solublc form 

1 ablc 18 -- Effect of Apatite : Naz CO, ratj o on  citric acid solrlbilitg by calc,iz~ing 

nr. 1150 "C for 7.0 brs 
~- - -  ~- ~- - -- - - - 

R A T 1 0  C i t r i c  ; I L ~ L !  :;;; i ; :o~~vcrsion o l  
- - - T e n l ? .  D ~ ~ r n l  ic~n solubility I'L 0' t o  c i t r i c  

A!.atitc fibL CO; C~C (hr--) 74 I'J 0 s  a c i d  sc>i~?blc i o r m  

The variation of citric acid solrrbility of Eppawela apatite, when c-.alcir\cti. 

witb, NaZ CO car1 be clearly seen iE Figures 3, 4 and 5. From X-ray pi-i~,vcrder- 

analysis btudies OF these produrts (Figure !.) and results that had becn ob4::lined 

fc\llowing conc!usions ca.1 be achieved. 



70 J Amaraselcn.~~, R. Soc~;~ak tm~arnn  and M. G. M U. isntail 

a t  Lnciease of temperature of rrearmenr will increase the citric soluble 
P2 Oj % considerably when A p a t ~ ~ e  t o  Na, COi ratlo was kept cornstarrt 
{Figure 3 )  X-ray studies (Ftgure 1) S ~ O W E ~  the fotnsation of v,+riot.r~ 
sodium czlciuri: phosphares(lO' (Tzble 19) 

Table 14 - Vrarious phases present in ca!cixled product of apatite with 

Na,CO, at  different temperatures b y  keeping zpatitc: Na,CO, - 100 : 20 ancl 

for duration of 3 hrs- 

Phases ?resent i n  il-,~ 
Temperature Phnses preaena in the j>roriuct tesidx~e after 

0 C disso!ving in 27; 
.. ~ c i t r i c  ~ acid 

NalCah ( P 0 q ) i  
900 (ie. 2 . 4  CaO. 0-6  Narc>. Pz05) F!uorapar i r e  

Fluorapatite (unrcacted) 

F luorapa t i t e  

1150 d, - FIuurz-Cnar ire 

Fiuor;ipatire 
(d is tor ted)  

This means that ,  

i At Ic,wer ternperarures low N a 2 0  i C a O  plzospkates are forrlled b.v reacting 
with lcsser amounr of NaiO from Na, COj. 

i i .  At higher ternperak~res high N a 2 0  i CnO nhosphni-cs aie formed witis 
high-r a mount ot' Na,O from N z i  CO ,. 

All rhese phosphates are in citric soIubIe form. Pure fluntaparite found in 
the residue may be from unreacted lock and this amocrnr decr-eased with 
increasing ternpcr:~ture. 

b) Increase i n  duration of treatment y ~ l i l l  increase the  citric acid solubility 
considerab??) enti?, i t  reaches a treatment duration of 3 - 4 hours. Hence 
xeaceion with Na2 CO, is complere only after 3 hrs. (Figure 4) 

c)  Highest citric acid soluble P, Qi can be obtained b y  using 312 - L!O parts 
of Ha2 GO3 t~ :hat sf 100 of Apat:te (by weight) on calcinations a t  
1150°C. This is cleatlj- shown In Figure 5 ,  l~rcrease or decwase of 



Prrr)irnin.ary Lnbo?-ato:.~ Si-ztdies 071. E!~pawela Apatite 7 1. 

Na, CO; ratio ar 11.50"C lower the citric soluble P2 O5 percentage in tha 
find product. X-ray stcldies of t he  products obraiaed (Figure 6) showed 
the presence of variou.: sodium ca!cium phosphates (eg. NaCaPO,+, 

Na, C a 6  etc.). 'The residue obtained after disso lv ing  in 2% citric 

acid contained only purr fluorapatite (Figure 7 (A) ), if Na2 CO, 

ratio is less than 30 - 35 to IOC parts by  weight of apatite, 

APATITE : Na Co3 rat10 ) A .  100.15 b . lOC.2C C . iO@:3C' 

0 . 1 0 0  : 4 C  L .iOO 4 5  F . O C  SO 

F;gure 6 -- XRD pattzrns ot products obta:ned when apaclte is caic2nc.d at 

l t  50°C for 3.0 hrs with vary~ng amounts of Naz CQ3 



i 2  7 -  Amnrasekrra, R. Sooriyalct~maran and M. G. !d. L'. !srncril 

A - R E S I W E  O F  SAMPLES WHEN APATITE: NaCo RATIO IS BELOW 100135 
2 3 

B-RESIWE O F  SAMPLES WHEN APATITE : Ncl Co RATIO IS ABOVE 100:35  
2 B 

Fjgurc 7 - XRD patterns of r e s i . 4 ~ ~  obiained after dissolving r.hc Nn, - .  CO; + 
Apatite calcined sample: i l l  2'; citric acid. 

This means that a t  low Na, C 0 3  iatios, Na,O froru bla, CC), is rc;rcting 

exclusively first with chlorapatfte and  then with fluornpatifc of the rock t:o 

form Na Ca  PO, o r  other related pho~phacc which is soluble in 2% citric acid. 

(Also X- ray patterns do not  show rh.e pwsencr of anreacted Na, CO, or 

Na, 0). This can be clearly seen by calcul~t ing percentage P, 0; and percen- 

tage C a O  reacted rc: form t h e  ci t r ic  so!uble cclnzpsund with percentage Na,, 0 
from addcd Na-CO,. (Table ZG) (Calculations were done hy considering 

Eppawela a p a r i t ~  has 59% CaO and 31% total P,O,. 1Vith each sample percen 

tage CaO that was rcacted t o  Rive citric soluble cnmpound was calculated from 

i t s  c i t r ic  salub?t P, 05% and Naz 0% was calculated by considering that all 
Na2C03 was reacting with apatite to give a citric soluble prn$?:ct). 



7 able 20 - Ratio of CaO: Na,O P,O, in the citric acid soiublc product that 

had formed witla low Na,COj ratios at 1 E 5 O  ' C  for 3 hrs duratrorl 

Reacting Marerini:. U7cigl1t Rario 
~~ - A C i t r i c  solub!c -- .-~ 

Apatite NazCOj  PzOj;; CaO N a z O  PzOs  

From Table 20 it i s  clear that until hpstite : Na, COJ ratio is 100 : 30, the 

CaO - Na, 0 : P, 0, ratio of citric solublc sodium c~ lc inm phosphate, is nearly 
equal. This means chat constant amount Z a O  and P,O, from rock is I-cacti~ifi 
with all of Na, 0 to form the citric soluble compound. Rest of CaO and P, Oj 
will be in the  product as fluorapatite itself. This is evident from X ray rcsults 
and cell dimeitsion values of residue fluorapatiec obtairlcd (Figure 8). 

The XRD pat-terns of the residual flvorapatitc showcd a sl~tlting of peaks 

with thc increase of sodium carbonate (Figure 7 (8)  ). This may bc due to thc 

substitution of excess Na-l in the fluorapatite lattice. 

The cell coristznts o i  the residual fluorapztire obtained aftcr di~sulving in 

2y.i citric solution i s  ploxtcd in the  Figure 8. The  cell constants arc tlcarly same 

upto a sodium carbonate t o  apatlte ratio of 100 : 30. Beyond this cell constant 

'€a ' '  decreases and "b" incxtases with rhe increasc uf Na2 COj pcrcentagc. Also 

*CASES. the prrccntage of citric soluble P, 0, in t h c  final product dec--, 

G o i ~ u r  and the form of t he  product 

The ccEour of r h ~  products varies from btown to p,rc\r w?.xcr~ NR, CC), ratio 1s 

~rlcwasccl at 4150°C and rhr samples which g ~ a c  high c i t r~c  solubtlity hari a 

sintered dppearence. 

Effect of quenching 

it was observed when carrying oiat experiments that rapiJ. a i r  quenching is 

needed tcrr get better citric acid solubility in a given condition. Since rhl- pro- 

duct obtained had Paw solubility (Table 21) further cxperirncnt was carried 

out with calcined sampies b y  quenching into water. The citric solubility of 

this sample was very low compared t a  air quenched sample and X - ray patterns 

showed the samplc had more ~ ~ n r e a c t e d  fluorapatite. 



Figure 8 V a l ~ d ~ i o a  -:. ' - of c e l l  dimensions of u~l reaceed  f\uorapatiie when ra\r 

apatite is cdcined wi~ iz  vai-ying amounts of Na, CO, at  1 150°C for- 3 hours. 

A -- Vai-;ation of cell dimension a 



Tab12 21. - Effect of water quenching an.d air  quenching c n  citri c soluble 
P,Oj% on Ka,CO, calcined Apatite. 

R A T I O  Temp. Durarion Air Q ~ e n c h i n g  water  hi^:, 
- "c f h r 3 )  
Apatite NaxC03  \\,;I ter . 1 .  Citr ic  s"!ui21e 

PL@;;;, PzO jx l.?205:,:s 

I-Icnce it is char  that  t o  obtain high c i t i i c  soluble P2 C?, content with calci- 
nations nyith scda ash at 1150"C, apatitc t o  Soda ash  l a t i o  must be in .the 
range of 100 : 30 -- 35 and duration of treatment. is 3 hrs, T h c  salnp!e ~hnrzjd bc 
que.t~chcd rapidly in air. 

I )  Eppawela apatire itself is not suitable as a fertiiizer s ince it h a s  l o~v  ccitr-ic 

soluble Pi G j  pcrceotage. (ie. out of 34% P, available only 3% is in 
citnic solublc forn~) .  

2) I t  can bc convcrtcd r-o a p r ~ d u c t  having more PO, in cirric sc,l~ll>lc lorn-, 
by calcining with sodiuru ca~:honate, quartz or paddy l-r-clll ash. 'With 
sodiuin carbonate 80% of P2 Oj can be rnacle citric solublc -\-~I-ierens with 
quartz and paddy hu!! ash only 50% car1 be converted. C:;iicination of n 

rnixr:nrc Apa~ i t e  -I-. Quartz t- Naz CO, ivili also give 50% conv~tsiorr. 

3 Soda As51 calcination has to  be done with conrtolled arnorrnt:; nf ;~pai-it:c 
and soda ash to gct high citric soluble valile ancl iess soda ash  cvn.sunrp- 
tion. It xas  found 2t 115VC n ratio of Apatite : Na, C 0 3  of 100 : 30- - 35 
a t  a duration of trearment for .3 hrs, would give bcst results. 

4) Zf apatitc is calcined with controlled amounts of Na2 CO, a t  temperatures 
above i300° C,  civer 95% P,05 in rock can be corwerted t o  citric srtlub!c 
form. For exanlplc when a c h a ~ g e  consisting of lC9 par-ts of ro::k npa.tire, 
2C3 parts o!: soda ash was calcined at 1300°C for 3 hours a prc~duct of 96% 
citratc soluble P ,  Oj  was obtained, 

3 )  There is ;I possibility to use this product: as a phosphate fertilizer fo r  short. 
term crops instead of imported superphosphates, since rhis type of n d  ium 
-thermn?hosphates are presently being used as fettilizcrs in many coilntrirs 
of the world. But: before coming t r ,  a firri~ conclusiot~ o t ~ c  has to carrv out 
field trials w i t h  the prcduet. 

The authors wish to express their gratitude t o  the  Director and the Deputy 

Direcror of the C. I. S. I, R. for cheir encouragement and t h e  staff o f  the 

section of Miner-,! .Technology of C,  I. S. I R. for theis help in preparing rhis 
paper. 
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