A Mg A Id 
  
F Be 
  
Brah Im 
  
D Ou 
  
M El 
  
J A Dodds 
  
Ch Ch Em Istry L Aboratory 
  
  
  
  
°C

Th is pa per is pa r t of a ser ies of in vest iga t ion s in t o t h e r ea ct ion r a t e of a cid dissolu t ion of solids a n d pa r t icu la r ly t h e in flu en ce of pa r t icle size dist r ibu t ion . In t h e ca se of a cid dissolu t ion of r a w ph osph a t e pa r t icles, pr elim in a r y r esu lt s sh ow t h a t t h e r ea ct ion r a t e is sign ifica n t ly a ffect ed by t h e pa r t icle size dist r ibu t ion . In t h is pa per , t h e dissolu t ion in t o a 0.3 M H 3 PO 4 solu t ion of on e size fr a ct ion 125-200 µm (d p ) 162.5 µm ) pr epa r ed by sievin g h a s been st u died a t 25 °C u sin g a ba t ch m et h od. E xper im en t a l da t a wer e fit t ed t o a n em pir ica l equ a t ion of t h e for m m /m ∞ ) 1 e -kt , where m is the ma ss of phospha te dissolved a t time t and m ∞ is the fina l ma ss of phospha te dissolved. Th e dissolu t ion r a t e con st a n t k wa s fou n d t o be equ a l t o 0.2118 m in -1 . Va r ia t ion of t h e ph ysica l pr oper t ies of t h e r em a in in g solid wit h r ea ct ion t im e wa s st u died. E xper im en t a l m et h ods su ch a s sca n n in g elect r on m icr oscopy (SE M), m er cu r y por osim et r y, a r gon a dsor pt ion / desor pt ion isot h er m s, a n d volu m e displa cem en t u sin g h eliu m for t h e det er m in a t ion of t h e t r u e den sit y wer e u sed. As a r esu lt , a sign ifica n t ch a n ge in t h e Br u n a u er -Emmett-Teller su r fa ce area (S BE T ) occurred during the reaction. S BE T wa s 16 m 2 'g -1 at t ) 0 min, it reached a minimum va lu e of 10 m 2 'g -1 a t 7 m in , a n d it in cr ea sed a ga in t o 24 m 2 'g -1 a t t ) 50 m in . Mor eover , SE M obser va t ion s r evea led t h a t ph osph a t e pa r t icles dissolve begin n in g fr om t h eir su r fa ce wit h ou t a n y disin t egr a t ion .

In tro d u c tio n

In t h e pr odu ct ion of h igh -gr a de ph osph a t e fer t ilizer s, the raw phosphate ore is converted into phosphoric acid a n d gypsu m by a wet pr ocess u sin g su lfu r ic a cid. Production can be increased by reducing the particle size t o decr ea se t h e r ea ct ion t im e, bu t r ock fin en ess h a s t o be sufficient to allow total recovery of P 2 O 5 because large pa r t icles a r e m or e exposed t o r ea ct ion blockin g du e t o gypsu m coa t in g.

Alt h ou gh t h e over a ll r ea ct ion occu r s bet ween t h e ph osph a t e or e a n d su lfu r ic a cid, a ct u a lly t h e ph osph a t e pa r t icles a r e fir st dissolved in a ph osph or ic a cid m edium. The liberated calcium ions react immediately with su lfa t e a n ion s t o give ca lciu m su lfa t e pr ecipit a t es. Usu a lly a m er ch a n t ph osph a t e pr esen t s pa r t icle size dist r ibu t ion s va r yin g fr om 40-70 µm to 2 mm with a bou t 50 m a ss % over 125 µm.

In pr eviou s wor ks, 1 2 we obt a in ed t h e followin g r esu lt s:

1. Ga s a dsor pt ion /desor pt ion isot h er m a n a lysis r evea led t h a t t h e r a w pa r t icles a r e por ou s a n d t h e mesoporosity increases during the dissolution progress.

2. Ca 2+ ion diffu sion , fr om t h e su r fa ce of t h e or e in t o t h e bu lk of t h e solu t ion , is t h e lim it in g-r a t e st ep of dissolu t ion .

3. Ma ss-t r a n sfer coefficien t of Ca 2+ in t o solu t ion is equ a l t o 3 × 10 -3 m 's -1 .

4. Va n der Sluis et a l.'s model 3 gives a good pr edict ion of t h e dissolu t ion r a t e in t o con cen t r a t ed a n d dilu t ed ph osph or ic a cid solu t ion s.

Alt h ou gh t h er e is a wide r a n ge of lit er a t u r e dea lin g with the dissolution kinetics of phosphate ores, very few a u t h or s h a ve a t t em pt ed t o r ela t e t h e kin et ic r a t es t o t h e solid t ext u r e. E viden ce in dica t es t h a t t h is r ela t ion is ver y im por t a n t . So, a ccor din g t o Becker , 4 Nor t h Ca r olin a r ock, wh ich is a por ou s or e, r ea ch es m or e t h a n 99% decom posit ion wit h in 2 m in of dissolu t ion . H owever , Kola r ock, wh ich is a n on por ou s or e (S BE T < 0.1 m 2 'g -1 , where S BE T is t h e Br u n a u er -Emmett-Teller su r fa ce a r ea ), pr esen t s on ly 95% decom posit ion a ft er m or e t h a n 40 m in .

As ea r ly a s 1957, H a u ffm a n et a l. 5 poin t ed ou t t h e effect of t h e m icr oscopic r ou gh n ess a n d por osit y on t h e r a t e of dissolu t ion of n a t u r a l flu or a pa t it e in dilu t e ph osph or ic a cid. Th e a u t h or s r epor t ed t h a t S BE T of t h e natural sample increases as the reaction time increases. Dor ozh kin 6 r epor t ed t h a t t h e cr yst a l of t h e n a t u r a l flu or a pa t it e a lwa ys dissolves in a n a cid m ediu m wit h con t in u ou sly in cr ea sin g r a t es for a ll cr yst a l fa ces.

An beek 7 and Vaimakis et al. 8 studied the relationship bet ween t h e su r fa ce r ou gh n ess a n d t h e a ver a ge gr a in diameter for various materials. Studying the hydrolysis of poly(et h ylen e t er eph t h a la t e) (P E T) powder in su lfu r ic a cid, Yosh ioka et a l. 9 a ssu m ed t h a t t h e su r fa ce a r ea is pr opor t ion a l t o t h e degr ee of powder t r a n sfor m a t ion . It m a y be n ot ed t h a t sever a l pr eviou s in vest iga t ion s wer e focu sed on t h e va r ia t ion of t h e su r fa ce a r ea du r in g t h e thermal decomposition or sintering of various solids. 10 11 Zh a n g a n d Na t er [START_REF] Zh | Ch a n ge in su r fa ce a r ea a n d dissolu t ion r a t es du r in g h or n blen de dissolu t ion a t pH 4.0. Geoch im[END_REF] det er m in ed t h e BE T-n it r ogen su rfa ce a r ea s of h or n blen de sa m ples wit h in cr ea sin g dissolu t ion r ea ct ion t im e a t pH ) 4.

Alt h ou gh gr ea t pr ogr ess wa s a ch ieved in der ivin g a con cept u a l kin et ic m odel for ph osph a t e dissolu t ion , 4 13 14 n o a t t en t ion wa s pa id t o t h e evolu t ion of t h e su r fa ce and porosity of phosphate particles during reaction time.

Th is pa per dea ls wit h t h e dissolu t ion kin et ics of on e pa r t icle size fr a ct ion of r a w ph osph a t e in t o ph osph or ic solu t ion s a t 25 °C. We wer e in t er est ed pa r t icu la r ly on the relationships between the reaction progress and the ph ysica l pr oper t ies of t h e solid r esidu e. Th is wa s a ch ieved by u sin g solid-st a t e ch em ica l m et h ods: sca nn in g elect r on m icr ocopy (SE M) a n d m icr oa n a lysis, ga s (a r gon ) a dsor pt ion /desor pt ion isot h er m s, m er cu r y por osim et r y, a n d h eliu m den sit y.

Th e com pr eh en sion of su ch va r ia t ion s is u sefu l in ph osph a t e fer t ilizer in du st r ies a n d m a in ly in t h e pr odu ct ion of ca lciu m su per ph osph a t e.

Ex p e rim e n ta l S e c tio n

The used raw material was provided from the Redeyef ph osph a t e m in es in Tu n isia . Th e sa m ple wa s sieved u sin g ASTM st a n da r d sieves, a n d t h e pa r t icle size fr a ct ion u sed wa s +125 to -200 µm; this fraction is that wh ich pr esen t s t h e m a xim u m bu lk den sit y (see F igu r e 1).

A t ot a l of 10 g of ph osph a t e pa r t icles wa s pla ced in t o a glass reactor containing 0.5 L of 0.3 M H 3 PO 4 prepared fr om ch em ica l ph osph or ic a cid (85 m a ss % H 3 PO 4 ). Aft er different rea ction times, the mixture wa s cooled ra pidly a n d filt er ed t h r ou gh a 1G4 gla ss filt er . Th e solid obt a in ed a t t h e en d of ea ch exper im en t wa s dr ied a n d weigh ed. Th e a bsolu t e den sit ies of som e solid sa m ples, befor e a n d a ft er dissolu t ion , wer e m ea su r ed by volu m e displa cement using a n Accupyc 1330 helium micrometr ic pycn om et er . Specific su r fa ce a r ea s wer e m ea su r ed by a r gon a dsor pt ion a t LN2 t em per a t u r e (77 K) u sin g the BET method. Before measurement, each sample was dega ssed a t 100 °C for a bou t 4 h . Th e pa r t icle size dist r ibu t ion wa s m ea su r ed by la ser diffr a ct ion u sin g a Ma st er Sizer Ma lver n 2000 a ppa r a t u s. F in a lly, t h e r a w m a t er ia l, a s well a s t h e r em a in in g solid collect ed, wa s ph ot ogr a ph ed u n der a ppr opr ia t e m a gn ifica t ion s u sin g SE M. Ch em ica l a n a lysis wa s per for m ed by spect r oph ot om et r ic m et h ods on a kn own qu a n t it y of r esidu e dissolved in a n H Cl solu t ion . So, for ca lciu m , ca dm iu m , and iron analysis, flame atomic absorption spectroscopy (F AAS) wa s u sed by em ployin g a n a u t om a t ed a ppa r a t u s m a n u fa ct u r ed by Va r ia n . H owever , ph osph or a s t h e H P O 4 2-a n ion , F -, and SO 4 2-wer e a n a lyzed u sin g a Dion ex ion ch r om a t ogr a ph wit h a n Ion P a c AS12A Gu a r d P lu s a n a lyt ica l colu m n . Th e ch em ica l a n a lysis of t h e or igin a l sa m ple is seen in Ta ble 1.

Kin e tic Cu rv e r ) f(t )

F igu r e 2 sh ows a t ypica l dissolu t ion cu r ve t h a t ca n be fit t ed em pir ica lly t o a n equ a t ion of t h e for m wh er e m is t h e m a ss of ph osph a t e dissolved a t r ea ct ion time t and m ∞ is t h e fin a l ph osph a t e m a ss dissolved. Th e exper im en t a l da t a a r e well fit t ed by t h is equ a t ion . k is t h e dissolu t ion r a t e con st a n t ; it wa s fou n d t o be equ a l t o 0.2118 m in -1 . It m a y be n ot ed t h a t t h e cu r ve looks like fir st -or der kin et ics even t h ou gh t h is kin d of kin et ics is obser va ble for h om ogen eou s syst em s wh er e a ll of t h e r ea ct a n t is in volved du r in g t r a n sfor m a t ion , wh er ea s in h et er ogen eou s syst em s, on ly t h e com pou n d a t t h e su r fa ce ca n be dissolved. Su ch a n equ a t ion h a s been u sed su ccessfu lly by Kr a vt ch en ko et a l. [START_REF] Kr A Vt Ch En Ko | A n ovel m et h od for det er m in in g t h e dissolu t ion kin et ics of h ydr ocolloid powder s[END_REF] to describe the dissolution of pectin powder under dispersin g con dit ion s.

P a rtic le S ize D is tribu tio n

Th e pa r t icle size dist r ibu t ion of t h e r em a in in g solid wa s det er m in ed u sin g la ser diffr a ct ion wit h wa t er a s a disper sa n t . In t h is a qu eou s m ediu m , t h e m in er a l investigated does not present any solubility because it has been wa sh ed a t fir st sever a l t im es wit h wa t er , so t h e pa r t icle size r em a in s u n ch a n ged du r in g t h e m ea su r em en t . Th e differ en t ia l size dist r ibu t ion of t h e in it ia l sa m ple (t ) 0 m in ) is given in F igu r e 3. Th is figu r e sh ows t h a t t h e m ea n pa r t icle dia m et er of t h e r a w m a t er ia l obt a in ed by t h e la ser diffr a ct ion m et h od is a bou t 160 µm , n ot sign ifica n t ly differ en t fr om t h a t obt a in ed by sievin g (d p ) 162.5 µm ). 

Ta ble 1. Ch e m ic a l An a ly s is o f th e P h o s p h a te Min e ra l Use d in

m /m ∞ ) 1 -e -kt (1) 
Th e pa r t icle size dist r ibu t ion obt a in ed by t h e la ser diffr a ct ion m et h od (see F igu r e 3) pr esen t ed a sm a ll fr a ct ion h a vin g a pa r t icle dia m et er of a bou t 70 µm and a n ot h er fr a ct ion wit h a pa r t icle dia m et er of a bou t 400 µm. These last values are volume averages, whereas the sizes of t h e sieved pa r t icle fr a ct ion s a r e r ela t ed t o t h e pr oject ed a r ea s.

The second remark is that, although there was a large decr ea se in m a ss obser ved a ft er 50 m in of r ea ct ion , t h e t wo pa r t icle size dist r ibu t ion cu r ves of t h e solids a t t ) 0 a n d 50 m in (see F igu r e 3) a r e a lm ost su per im posed, in dica t in g t h a t t h e m ea n dia m et er of t h e pa r t icles is n ot a ffect ed by t h e pr ogr ess of t h e r ea ct ion . Mor eover , F igu r e 3 sh ows a m on om oda l dist r ibu t ion in dica t in g that all particles were submitted to the same sequences of st a t es wit h ou t disin t egr a t ion .

Tru e D e n s ity

F igu r e 4 sh ows t h e va r ia t ion of a bsolu t e den sit y a s a fu n ct ion of dissolu t ion t im e. Th e r epr odu cibilit y of t h e absolute density measurements with the Micromeritics Accu pyc h eliu m m icr om et r ic pycn om et er is (0.1%.

Th e t r u e den sit y decr ea ses r a pidly wit h in a few m in u t es (2-7 m in ). Beca u se t h e t r u e den sit y depen ds on ly on t h e n a t u r e of t h e ph a ses exist in g in t h e syst em , t h e decr ea se in dica t es t h a t t h e begin n in g of t h e r ea ct ion s con cer n s som e of t h e ph a ses m or e t h a n ot h er s. Th is su ggest s fu r t h er in vest iga t ion of t h e evolu t ion of t h e por osit y u sin g ga s a dsor pt ion /desor pt ion a n d m ercu r y in t r u sion .

From the beginning of the reaction up to about 7 min, t h e decr ea se of t h e t r u e den sit y ca n be fit t ed u sin g a n em pir ica l equ a t ion of t h e t ype wh er e k and n a r e con st a n t , wh ich ca n be det er m in ed u sin g a n on lin ea r r egr ession a n a lysis. P r oba bly t h e k con st a n t cou ld depen d on t h e m a ss % Ca O a s a Figu re 3. Size distribution for the reactant particles and particles a ft er 50 m in of dissolu t ion .

Figu re 4. Va r ia t ion of t h e t r u e den sit y of t h e solid ver su s t h e r ea ct ion t im e.

Figu re 5. Ar gon a dsor pt ion a n d desor pt ion isot h er m s for ph osph a t e pa r t icles befor e a n d a ft er 50 m in of dissolu t ion in t o 0.3 M H 3P O4 a t 25 °C.

Figu re 6. Loga r it h m of t h e differ en t ia l in t r u sion ver su s t h e por e dia m et er for ph osph a t e pa r t icles befor e a n d a ft er 50 m in of dissolu t ion in t o 0.3 M H 3P O4 a t 25 °C.

F ) F 0 [exp(-k t n )]
(2) pa r a m et er . F u t u r e in vest iga t ion cou ld elu cida t e t h is poin t .

S u rfa c e Are a a n d Ad s o rp tio n /D e s o rp tio n Is o th e rm s

F igu r e 5 sh ows t h e a dsor pt ion /desor pt ion isot h er m s of t h e r a w ph osph a t e fr a ct ion 125-200 µm a n d t h a t of t h e lea ch ed on e (a ft er 50 m in of dissolu t ion ). As wa s m en t ion ed in ou r pr eviou s wor k, 1 a hysteresis between a dsor pt ion a n d desor pt ion wa s obser ved. Th is is a t ype IV isot h er m a ccor din g t o t h e cla ssifica t ion of t h e In t ern a t ion a l Un ion of P u r e a n d Applied Ch em ist r y (IU-P AC). [START_REF]IUPAC Reporting Physisorption da ta for Ga s/Solid systems wit h specia l r efer en ce t o t h e det er m in a t ion of su r fa ce a r ea a n d por osit[END_REF] Th e h yst er esis t ype in dica t es t h e pr esen ce of t h e in k bot t le por es. Ta ble 2 r epor t s a com pa r ison of t h e ga s por osim et r ic a n a lysis of t h e sa m ples a t t ) 0 a n d 50 m in of dissolu t ion . In t h is t a ble, we r epor t t h r ee kin ds of su r fa ce a r ea s: Th e fir st is t h e su r fa ce a r ea obt a in ed u sin g t h e BE T m et h od, t h e secon d r epr esen t s t h e a r ea wh en m icr opor es a r e t ot a lly filled a n d t h e m esopor ou s a n d m a cr opor ou s su r fa ces a r e ju st cover ed by a m on om olecu la r a r gon la yer , a n d t h e t h ir d is t h e ext er n a l su r fa ce. Th e t h r ee kin ds of a r ea s a s well a s H a u ffm a n et a l. 5 r epor t ed t h a t t h e specific su r fa ce a r ea s of syn t h et ic h ydr oxya pa t it e a n d flu or a pa t it e in cr ea se a s t h e dissolved fr a ct ion in cr ea ses.

Ta ble 2. P o ro s im e tric An a ly s is o f th e P h o s p h a te

In ou r ca se, S BE T decr ea ses u n t il t h e r ea ct ion t im e equ a ls a bou t 7 m in , a n d t h en it in cr ea ses, r ea ch in g a va lu e gr ea t er t h a n t h e in it ia l on e. F or exa m ple, a ft er 7 m in of r ea ct ion , t h e S BE T va lu e of t h e solid r esidu e is 10 m 2 'g -1 less t h a n t h e in it ia l va lu e (16 m 2 'g -1 ), a n d it r ea ch es 24 m 2 'g -1 a ft er 50 m in of dissolu t ion . We pointed out that the BET C va lues obta ined in this work a r e bet ween 5 a n d 100, con fir m in g t h e va lidit y of t h e BE T m odel u sed t o det er m in e t h e specific su r fa ce a r ea .

Th e decr ea se of S BE T a ga in st t h e t im e of r ea ct ion ca n be attributed to the disappearance of roughness and the in cr ea se t o t h e widen in g of por es.

Also, por e dia m et er s fr om 1 m m down t o 3 n m ca n be m ea su r ed in a sin gle a n a lysis u sin g m er cu r y in t r u sion por osim et r y. We r epor t ed in F igu r e 6 t h e specific in t r u sion volu m e (m L'g -1 ) against the pore diameter (µm ). Th is figu r e sh ows t h a t t h e por e dia m et er is con cen t r a t ed a t a bou t 35 µm . Th is is pr oba bly du e t o the intragranular porosity. The average pore radius (2V/ A) pa sses fr om 95 t o 121.5 n m a ft er 50 m in of lea ch in g. Th e m ea su r ed por osit y wa s a bou t 31% for t h e sa m ple at t ) 0 min and 53% at t ) 50 m in of dissolu t ion . Th e Figu re 8. P r ofiles of t h e ext en t of dissolu t ion of Ca O, P 2O5, CdS, Fe2O3, SO4 2-, and F -a ga in st t h e r ea ct ion t im e. evolu t ion of t h e por e dia m et er a n d por osit y is in good a gr eem en t wit h t h e in cr ea se of t h e su r fa ce a r ea .

S EM Obs e rv a tio n s

Th e SE M obser va t ion s of t h e ph osph a t es wer e perfor m ed u sin g t h e followin g pr ocedu r e: A cer t a in a m ou n t of t h e sa m ple wa s in cor por a t ed in t o r esin , pla ced on t h e copper ca psu le, left t o h a r den , a n d t h in -sect ion ed (120 m esh ).

SE M a n a lysis (F igu r e 7a ) r evea ls t h a t a ll ph osph a t e pa r t icles h a ve t h e sa m e ovoid sh a pe. E a ch pa r t icle r em a in s st ill ovoid u p t o 40 m in of dissolu t ion , a n d n ot a ll pa r t icles decr ea se t h eir ou t er dim en sion . Th e dissolu t ion seem s t o ca u se a widen in g of t h e por es u n t il a pa r t ia l fr a gm en t a t ion of t h e or e pa r t icle t a kes pla ce.

F in a lly, it is im por t a n t t o poin t ou t t h a t sever a l mineral phases, of which apatite is the dominant phase, exist in t h e sa m e ph osph a t e pa r t icle. Th e u n cer t a in dist r ibu t ion of t h e r ea ct ive ph a se (lim est on e a n d a pat it e) is pr oba bly a r ea son t o expla in t h e beh a vior obser ved du r in g t h e ph osph a t e pa r t icle dissolu t ion . Th is lea ds u s t o in vest iga t e t h e evolu t ion of t h e ch em ica l com posit ion of t h e liqu id ph a se a ga in st t h e r ea ct ion time.

Ch e m ic a l An a ly s is o f th e S o lu tio n

It is well-kn own t h a t t h e solid in vest iga t ed is a com plex syst em con t a in in g a pa t it e a s t h e m a in ph a se besides lim e, gypsu m , ca dm iu m su lfide, a n d ir on oxide ph a ses.

All of t h ese m in er a ls exh ibit differ en t beh a vior s toward dilute phosphoric acid. So, to explain the previou s r esu lt s, pa r t icu la r ly t h e r ise of t h e specific su r fa ce a r ea a n d por osit y wit h r espect t o t h e dissolu t ion t im e, we investigate the evolution of the chemical composition of t h e r em a in in g solid.

Figure 8 shows the extraction yield profiles expressed as P 2 O 5 , CaO, CdS, Fe 2 O 3 , SO 4 2-, and F -in the solution. Th e con ver sion fr a ct ion s wer e ca lcu la t ed a s follows:

wh er e m 0 , X 0 P 2O5 and m t , X t P 2O5 are the mass and P 2 O 5 con t en t s of t h e in it ia l (a t t ) 0) a n d r em a in in g solid (a t a time t), r espect ively.

We poin t ed ou t t h a t t h e m et a l ca t ion s dissolved con t in u ou sly du r in g lea ch in g a n d r em a in ed in a n a qu eou s solu t ion . No r epr ecipit a t ion wa s obser ved; ot h erwise, a n a sym pt ot ic level wou ld be obser ved for t h e ion in volved in t h e pr ecipit a t e.

F r om t h is figu r e, it a ppea r s t h a t a t lea st 60-70% of ca lciu m exist s a s a r a pidly dissolva ble ph a se, pr oba bly lim est on e in wh ich t h e ca lciu m is h igh ly lea ch a ble. In Tu n isia n ph osph a t e or e, a bou t 80% of t h e ca lciu m pr esen t in t h e pa r t icle is dissolved in 10 m in , bu t t h e t im e t o a ch ieve t h e m a xim u m flu or in e ext r a ct ion is m or e t h a n 1 h of dissolu t ion (Becker 4 ).

As r evea led by t h e elect r on diffr a ct ion a n a lysis, ca r r ied ou t a cr oss t h e pa r t icles a t differ en t r ea ct ion t im es (see F igu r e 9), ca dm iu m a n d ir on ion s wer e sometimes found to be associated with sulfur lattice and F -is r ela t ed t o t h e ca lciu m la t t ice in t h e for m of Ca F 2 . Th e pr esen ce of Al, Si, S, Na , a n d Mg wa s n ot ed. We ca n con clu de t h a t t h er e wer e t h r ee kin ds of ca lciu m : lim est on e, a pa t it e, a n d ca lciu m flu or ide. P r oba bly, t h e evolu t ion of t h e t ext u r e of t h e ph osph a t e pa r t icle depen ds on t h e ch em ica l com posit ion , n ot a bly t h e Ca O con t en t % (i.e., CO 2 ). F u r t h er in vest iga t ion s in ou r la bor a t or y a r e in pr ogr ess t o h igh ligh t t h is beh a vior bet t er .

Co n c lu s io n

Th e pr esen t wor k is a n a t t em pt t o ext en d ou r kn owledge a bou t t h e ph osph or ic a cid dissolu t ion of n a t u r a l ph osph a t e r ock. An em pir ica l equ a t ion wa s pr oposed t o descr ibe t h e lea ch in g r a t e. Th e r a t e con st a n t k wa s est im a t ed a t 0.2118 m in -1 . Porosimetric analysis of the pa r t icle size fr a ct ion 125-200 µm befor e a n d a ft er leaching was investigated, and the following conclusions wer e dr a wn :

(a ) P h osph a t e pa r t icles a ppea r t o be u n ifor m in sh a pe a n d size dist r ibu t ion a n d do n ot disin t egr a t e du r in g lea ch in g.

(b) Th e va r ia t ion of t h e t r u e den sit y of t h e solid r esidu e ca n be expr essed by a n em pir ica l equ a t ion of t h e for m F ) F 0 [exp(-kt n )].

(c) Th e por e st r u ct u r e st u dy u sin g n it r ogen a dsor pt ion sh ows t h e in k bot t le por es.

(d) The surface areas (BET and external) pass through a m in im u m a t a bou t t ) 7 m in t o r ea ch t h e va lu e of 24 m 2 'g -1 a ft er t ) 50 m in by t h e disa ppea r a n ce of r ou gh n ess a n d t h e widen in g of por es.

(e) According to electron diffraction analysis, cadmium a n d ir on wer e fou n d t o exist in t h e su lfu r la t t ice. Ca lciu m exist s su ch a s a pa t it e, ca lcit e, a n d ca lciu m flu or ide.
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Figu re 1 .

 1 Figu re 1. Va r ia t ion of t h e bu lk den sit y wit h t h e a ver a ge size of t h e ph osph a t e pa r t icle.

Figu re 2 .

 2 Figu re 2. Dissolu t ion kin et ics of t h e ph osph a t e fr a ct ion size (125-200 µm) into H3PO4 (0.3 M) a t 25 °C.

Figu re 7 .

 7 Figu re 7. SE Ms of ph osph a t e pa r t icles: (a ) u n r ea ct ed; (b) a ft er 5 m in ; (c) a ft er 10 m in ; (d) a ft er 20 m in ; (e) a ft er 50 m in .

  Fraction be fore an d afte r Le ach in g befor e dissolu t ion a ft er dissolu t ion size fr a ct ion 125-200 µm su r fa ce a r ea (m 2 'g -1 ) BE T 16.61 24.69 at p/p0 ) 0.319 (befor e) a n d at p/p0 ) 0.167 (a ft er )

  

Th is Stu dy

  

		mass %		mass %
	com pon en t	(dr y ba sis)	com pon en t	(dr y ba sis)
	P 2O5 Ca O	27.90 44.80	SO4 2-F -	5.42 3.16
	Fe2O3	0.245	CdS	137 ppm