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JjffflMJtofY n°!it 

Reference to "ton*" are to metric  tons. 

The designation« employed and the presentation of the material In this 

publication do not imply the expression of any opinion whatsoever on the part 

of the ¿Secretariat of the United Nations concerning the lega' status of an/ 

country,   territory,  city or area or of its authorities,  or concerning the 

delimitation of its frontiers or boundaries. 
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INTRODUCTION 

Project   background 

Phosphate dopasits  in  the Liyri an Arab Republic 

Th- main  zone of phosphato  P,f:k  „Cfîumioo  in the 3yrian Arab RepabUo 

is the Chadir-Rl-Hame!   area,   with five known deposits (see map), 

áituatnd in the contrai   part   ,f  the country,   near the town of Palmyra (Tadmor), 

it covers  an area of approximately 550 km'°,   roughly included  in a rectangle 

of  30 x 2<, km  and oXtending 4o  to 70 km south-wont of Palmyra. 

The fi-,o Known phosphate rock depots are known by the  following names: 

Khnoifi ^r 

Sastem 

Lebtar 

Central 

Hamo1 

Two   „•  (.h„m,   -he Khnmm„  wd BMtflni depogit8t   have been the ob.ectg 

of three mining projects (one mining projet for Khneifiss and two for 

Eastern),  and are already in production or development.      Prom all available 

information,  the choice of these two deposits for mining development    was the 

best  in every aspect.      The other phosphate rock deposits may conceal mining 

possibilities for a more or less distant  future. 

Khneifiss deposit 

The Khneifiss deposit  is part of <tho Ohadir-ei-Hamel phosphori tearing 

area in the cental part of the Syrian Arab Republic and is located about 

70 k, south-west  of Palmyra (Tadmor).       It  is stratigraphically located at the 

upper part or the Campania« stage,  of a  limestone series of Upper-Cretaceous 

age,  overlain by Quaternary depo.ita.       It  i8 composed of two comercial beds 

•>f gained phosphorites.     Phosphate rocks are either hard or soft (friable) 

with some of intendiate hardness.    The friable phosphate is predominant and 

provides the best  quality ore.      The following figures are eetimate. of the 

relative amounts of hard, medium and soft phosphate rocks: 



i J 

lypo 
Ki- 
rim 

lati ve 
'unt (', ') 

Av. raff 
c ',-,1   e-in tont 

)  '   '' 

Hard :M. < 

Medium ?3 :j7.7 
Lío ft W 51.6 

The  ostimatod reserves :xr" gr^u^d   ¡nt)  "balance" and "non-balanc-"  categories 

The   \attor h te a lyj    con tont   1   iior than 28i;i or an ovorburd«n mor'-  than ?0-m 

thick.       The  oalance rosorv",   with an average thickness of   ¡.\ m for the two 

phosphato bods and 28.6/; ? 0r   average content,   is  in  excess of  lo.1? million 

tons.       Those  reserves can bo  ta!:on  by opencast mining method;?. 

Mastern deposit 

The eastern dopoBit  is  part   )f the Ohadir-ol-Hamel   phosphorite bearing 

area,   :n the central part of Jyria,   and it  is  located about "jO km south- 

southwst of Palmyra. It   is strati graphically located at the upper part of 

tho '"arapinim  stage of a limestme series of Upper-Cretaoeour age,   overlain by 

Quaternary deposits.       The Kantorn deposit was first  investigated  in  1961/62 

by a party of .Joviot geologists as part of the work  entrustod  to Technoexport 

(Moscow) on the whole area.       \n the Eastern deposit,   as in Khneifiss area, 

nhosph -rites  can  be classified  aoording to their hardness into  three types: 

Typ« 
Relative 

amunt (%) 

Variable 

Average !' 0     content 
) 7 5 

Hard 22 

Medium-hard Variable 27 
Friable (sand) Variable 29 

In fact,  the second and third  types are more or less  equal since they have the 

same nature and about the same richness.      The only difference is that the 

third  is a phosphorite sand which is completely loose while the second can bs 

loosened by means of excavating tools or machines. 

Recently,  two  zones of the deposit have been the object of two mining 

projects by Polish and Bulgarian firma.      Por the first one, called Eastern- 

A-Biprokop (Desiai Office of Chemical Raw Material, Poland),  estimated 
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roc-TV'T!   xi" L'%J ri! M   n  tmn  it an average  grade of 24.4$ P?°e.'       p°r the 

second,    -i    od  F.astTn-3-Nipnruda (Research and Oesign  Institute for Mining 

and As;"-n 

avoraro 

S -f Oros and Kinerals,   3ulgaria),  they are  18.6 million tons at 

;rii'     f   \i.">"'. ~V\,       Those reserves can bo taken by oDencast mining 

Th' re r.av"  DO on six nroviouB reports on this subject:    on Syrian phosphate 

rv-< i i>64,   the  -."hn^ifiss phosphate deposit (1967),  the eastern phosphate 

d-'Gir  ( 1JÓ2),   th.   rastem-B phosphate depoLit (1968) and on both the Khneifias 

and the  eastern nhosphato deposits (1972).-'      These reports were done in 

S'v ri.   stops  ind dove Ioned differently over time,  which makes it difficult to 

di:-'-ivor  th-   final  solution  selected. 

Korr- recently,  further detailed studies to estimate the reserves of the 

:;v"err.-'   -». .Rnhate deposit, hivo been made by the General Company for Phosphate 

and Mines (SAR)  in connection with the government Geological Research and 

Finora1   Wealth Department,   but  their final  reports are not yet available. 

Development of phosphate deposits 

As mentioned above,  the Khneifiss deposit is in an advanced stage of 

mining and beneficiation.       However,   exploitation of the Eastern deposit is 

stí11   in  an embryonic stage.      The basis for establishment of mining, 

bene;': ui+ion and calcining methods need to be identified. 

Objectives of the project 

In view of the situation describ-d above, the Government of the 

Syrian Arab Republic requested technical assistance in the for« of a projecf 

with the fol lowing objectives: 

(a) Determine the most suitable conditions for calcination of phosphate 
r>e>  fnm the eastern deposit of the Palmyra Desert; 

(b) Determine the suitability of the calcined rock for use in the 
nroduction of phosphoric acid,  superphosphates and ni triphosphate fertilisers; 

(c) Assist, the Government in identifying no3Sible export markets for 
the calcined rock. 

J~7      ^ee bibliography. 
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Official arrangements 

The Project Document was sißned on 8 January 1973,  with UNIDO desisnated 

an  executing agency for the UNDP.      The Omenti Company for Phosphate and Mines 

agreed to provide   laboratory facilities and personnel  for the necessary tests 
and chemical   analyses. 

The Project budget,  for the employment of a calcination expert for 12 
months,  was  SUS  JO,000. 

Work on the project did not begin until  17 December 1973,  when the expert 

was briefed at UNIDO and sent to Damascus.      (His duty station was changed to 

Horns on 8 January 1974,  which was more convenient to the mines and laboratory 
faci H ties.) 

Because of the delay experienced in obtaining adequate laboratory facilities 

(they were not  in full action until mid-June 1974),  the Project Document was 

amended on ?8 September 1974 by extending the expert's contract 2 months and 
increasing the budget by SUS 5,000. 

Other changes in the time schedule and the programme of work were 

necessary;    for exampie,  the study of the suitability of the calcined rock for 

use in the production of fertilizers and the study of the export market for 

the calcined rock were cancelled because of the shortage of time. 

At the request of the General Company for Phosphate and Mines, a general 

review of these previous reports was undertaken and prepared as a separate 
report. 

The completion date of the project was 12 February 1975. 

iMMMtfHü 
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I.      HEAD-SAMPLE STUDIES 

A.    Preparation of a technological sample from the Kastern-A 

phosphate deposit 

A   techno1, o Epical   sample waB co^ected  from 10 bore-holos chosen  from  the 

network  of turo-tnles made recently  by the Department  jf OHO logical   Research 

to  estimate the reserves of the Eastern-A    phosphate deposit.      The distance 

between  the bore-holes  was 250 m.       The average thickness  of the overburden 

which had t) be removed before reaching the phosphate rock deposit  was 2.^ m. 

The samples were collected by a stripping method along the whole thickness of 

the phoaphate beds (hard,  medium and soft phosphate rocks).      The average rtenth 

of the bore-holes was  about  10. 

The technological Bample,  weighing about 1  ton was of crushed or« passing 

a maximum size of 200 mm.      Representative hand specimens were selected for 

mineralogical studies.      The technological sample was then subjected to steps 

of crushing to pass a  19.0-mm sieve and then riffle cut by coning and quartering 

to obtain representative samples for complete chemical and screen analyses and 

beneficiation tests.       Figure I is a flow chart   if  th<: simple   tr<;-itment 

pr "H'ire. 

B.    Mineralogical study 

The specimens were mainly composed of friable phosphorites. 

Phosphorite is an impure calcium phosphate rock usually containing calcite, 

chalcedony,  quartz,  clay,   iron oxides and various impurities,   including uranium. 

The phosphate mineraloid may be replaced to various degrees by calcite or have 

calcite cores or inclusions.      In addition,   the phosphate mineraloid has  <*» 

its structure an additional small fraction of carbonate either as  a part of 

the mineral  lattice or as a dispersed component;    however,   it is not believed 

to be present in the form of calcite. 

In the case of the naraple of Eastern-A phosphate rock  reserved foi 

mineralogical studies,   the phosphorites present were »ainly carbonaceous. 

Siliceous and mixed-matrix phosphorites were also present but »inor. 

The typical rock was a  light brownish-grey in colour.      The matrix was primarily 

calcite,   the major cementing material,  and a little quart« sand. 
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Sample as receivsd 

I 
Specimens  for mineralogical studies 

3hov«l nix and cut 

1 
iU 

3 
Jaw cruoh*r 

I 

2 Cut rasarve (as racaivad) 

• * p*rticlM> 19.û 
- • p*rtielasfl9.0 

Riff la out (oonlnf and quAjrtarinf) 

f 
3/8 Out r—rva 

r~i fr   Crf" 

lorMR an»ljr*i* Ofcaaie»! anal/ala 
•«MTlolatlo« taata 

VlpN X. »1« 
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i'hai.'.'ii>n,v,    -lay vid   nmmit'   wero  rare.    The appriKimate c.inp sition   >i' tho 

ph-nrhirit.-   is  as f:l!.'wai 

-o nip on en t 

Phosphate minora1 "nd 

-ji 1 i ••:•' 'un iü':ri"ra',a 

Pregarti >n í v• Umr: /) 

60-6li 

c-     "hefnicti  analem 

Thf r^rrosentativ» B«fnp 1 ^v   TU«hed to  19.O mi   «id weighing abiut '•> k», 

>pr   fipir<    I  f-^r tho •Mimi» •re-atment ppor;«dure)  wui ground and mwdered  •.••-> 

-ass  a  .>J">-"-?sr. screen.      It   waR  th«?n  quart r>r--«d t>   100 g and subivi'-«! t" 

nemicai   ana.yms,  the r«Bu.te     f which aro ah wn in t»blr>  1. 

Tab'.*» 1.    Chtniicai compo«ition of tfc • techno lofio»! Mftp'.o 

Cloniti tuent 
roporti ^n 
(-t    •) 

f ,1 
2 !> 

HO, 

Ho 

ci 

*t 

iMolttaU fVBlÉMi 

hMM W t#M«t«S 

24.41 

7.76 

4^.41 

1.68 

O.tl 

t.«5 

0.12 

•.M 

1.91 

ft.« 
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)f   low ¿rrad.-,   as   it   inly '   ritain3   >d.dl,' VV wn 
Trv    ¡re   i B Sf.PM  t    OP 

'•ou i va lent   t> M.'''' :>>ne  phonphatp   if   ] ime ( B'1! ),   Ca    ( CO   )   . 

n  agreement  with  "... ninerai igioal  invent i (ration,   th»-  rengue minería w-r 

f  und   t)   be mainly    arh ,r,at«3 basenti al ly na!r • t.-.)   -md   t>   a   I-SOTT   • >. 

d^tri tal   qu'irt -. 

h   < 

'•>>    "'mah >.bj i i ty ar.d dry-acrecn   irmlyses 

The  'Tîmpjnon^  if the   :>r     xv   markedLy different  in  nardn^3. 

"h-  .:rushin«-    f  nv:   -.r..   ,a   r.tr-r -nti -i    ani  nuot   be  contr.lled t>  v/M 

•'•"rnrodu.ti .n   >f  i'-nen.        rh<>   iJtudy   >f   *r.r- -ruñP.iru; characterise 

»i^ad samp'" *-ir.  p-""n -i /tr^it  d<-i'    if -:?.   ,->, 

r th< 

Tim»» cnahiny 

A   labor-it >ry   ;*» -rusher was  us od   in a cl)Bed    irouit   for tho primary 

rushin* of tho techrn laical   saunte to  pasa a W.O-mn aieve (see fijpiro I). 

A   r^prenwitative simple   ,f  tho  crushed material  ( ab »ut  7  k«)  ms  -olleot-d fir 
lv;re*  **1*^«is  by coning and  quartering.      A set   if  11   «ieves  ranging fro« 

Vi.O **.  to 0.075 mn «i used.     Bach .^ze fraction was weighed and analysed 

r*«nicalljr for ' ?0S,  insoluble  residue and    oss on  ignition.       The rssu't«  are 

shown in   table 2 and renrsaanted graphically in figurée  II,   III and IV. 

•••V'iti the   roau'tn shown    n  tho tab>,   it ,.-** be said that  screening 19-m» 

rushed   ore  tWeotively concentrates ph-oB^hir te. 

Th« carbonate C3ntent f indicata* by the ios« on igattloa) 

*nd  th. phosphorite frequency ( represented by the P^ content)  .ho. an inverae 

relation  to one anothert    th« fraction« with hifhaat 

the ran«« -0.7'i • 0.120 m, and the fraction« with 1 
ire in th« aaflM 

•v. oontsnt   ire in 

carbonate content 

It «M possible to ciajMify the sise fraction« into tar«« 
*• rto«*  In table }, 

I« categoric« 
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Tablo ?,    Grain-size diotribution and chemical analysis of or« after 

primary crushing (l9.0 mm) 

3i a/ ze fraction-' 
(MI) 

ropo Pt ion 
of total 

(wt-;) 

Chemical analysi 1 
(wt*) 

1* 

P2°5 
T.osa on 

ignition 
Insoluble 
residue 

- 19.00 + 9.30 17.48 21.24 16.79 9.12 
- 9.50 + M.75 9.95 16.73 22.31 6.61 

- 4.7^ +  2.50 2.50 15.89 21.06 11.26 

- 2.50 1-1.50 2.27 18.61 19.O8 10.66 
- 1.50 + 0.75 8.70 24.23 13.44 9.02 
- O.75 •• 0.365 12.36 29.05 8.60 8.63 
- O.J85 + 0.200 29.70 30.52 7.14 8.11 
- O.20C + 0.120 J. 37 29.26 8.90 3.43 
- 0.12   + O.O75 10.81 25.31 13.95 3.87 
- 0.075 

tal 

2.86 18.35 21.29 5.49 

To 100.00 
Head M •pie   (calculates!) 24.68 13.48 7.54 

a/      "•" refers to particles larger than,   "-" to particles 
or equal  to, the sise Indicated. 

lier than 

Tasi* 3.    Classification of «is« fractions 
after prismi? cruaninf ( 19.0 a«) 

Orai« 
cat 

Proportion 
Sits fraction     3f total 

(•»> (wti) 

Cheaical analysis 
(wtf) 

Saootsl poor   -O.075 
frtctioa 
Tctal 
Head aanple, ( calculates!) 

100.00 

P2°< 
p 0       Loss on    Insoluble   "•?JT,,'r 

2 5      igfiition    residue w 

fra^tioT"   "19*°° + °-75       *>•*> 19-14        19-2« 

fraction -0.75*0.075     56.24 ¡?9.12 8.88 

2.86 18.35        21.29 

24.73        13.48 

8.10 31.5 

7.00 66.4 

5.5O 2.1 

7.54 
100.0 
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. *» a 

al 
•» o 

§ 

o c 

g 

1—1 

i 

Lower alie Unit of fraction (na) 

W#iw ti.     feaia-sla« íittritatio» 

•*M*í*§ to * —.ni» tito of 19,o a 
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Si f fraction (to) 

m I    I    I    I    I   !    I   I    I    I 

1 

XXX.     tolattvt twlrfit of èh« frastiOM ofettiMl ty 
•ewilf aftar priaary onMhliif (19.0 m) 
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Insolub;r 
residue 

10-1 

Î0- 

10- a «<»l» 

Loss on 
ignition 

(8 

P2°5 
content 

(H) 

J*H 
Î 
2 

'*» w» •» ° *y «*-       / * S y.v* £ 3? *f ~ o        [ 

«ttltfffll I 

3iï« fraction 
#<«) 

i#»ition and P.O. contsnt of th« frétions ottaU«4 
by Mr««nl«| Ifttx prla*i7 onuritlnf ( 19.0 «) 
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Fr:r these resulta, it is n ! ear that by primary crushing the or* to 19.0 mm 

and dry s-reenin<*, a <: .neontrat« (the rich fraction) permitting recovery of 

6ó,4."   >f  the P.O^  could  bo  obtained. 

òec-ndtr.y -'rushing 

First test 

>.•    - <rti in of the primary crushed ore (19.0 mm) was screen«) with a 

¿.•—"in si-ve,   the oversize was  subjected to further steps of crushing and 

screening t •> pass  the 9.t,-mm  sieve,   and the final  products were mixed and 

homogenized,      A   laborat >ry   ;iw crusher was used  in a cl jsed circuit. 

A  representative sample was  collected for screen analysis  by coning and 

T-iarterm'î.       V  set  of S'^vn   ranging f r in   >.•   P¡T!   » O   i/.O,";  r:"   wc.  o.•••à. 

''••.".       ••    -Victim  was weighed  and analysed chemically for P,;-\,   insnhible 

resi.lue antj    ,ss   ,n igniti >n.    The results are tabulated   in table 4 and 

represented graphically in figures V,  VI and VII. 

Tab.e.i     Grain-size distribution and chemical  analysis 
of ore after secondary crushing   9.': mm) 

o1 7,0 frac ti on-/ 
r'roportion 
of total 
(«tit) 

Onenicai ana iyais 

(mm) P?°5 los« on Insoluble 
igniti on residue 

- 9.!o   + 4.7o 18.89 17.70 20.79 7.1? 
- .I.-"      f 2.70 4.70 17.^0 20.02 9.56 
- ,Vvj   + 1.50 3.20 13.95 19.11 9.14 
- l.'.O    + 0.75 9.73 24. 33 13.67 3.?î 
- ^:';    + 0.385 13.38 28.62 8.79 8.88 
- 0. }o^ + 0.200 il.20 )0.33 7.41 3.26 
- 0.200 + 0.120 3.44 29.64 8.33 6.66 
- o.i?o + 0.075 1 3-94 24.2 ì 15.32 4.05 
- 0.07^ 1.52 17.55 22.05 5.60 

Total 100.00 

Head sample (cal oulated) 25.06 13.04 7.53 

See foot-note to  table 2. 

m 
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Figure VII,     Relativ« anount of insoluble residue,  losa on 
ignition and P.CL content of the fractions obtained by 

screeninf after secondary crushing (9.5 ma) 
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-    tÍO    - 

It    'i:\ •><   B«->'r<   tMt.   th'~>  hi^hrst   rb fl"ito cmt.ont   ;r  with;n   *hn fn^t i Tiri 

0.""-   *• J.1?'.1 nm,   whi'-h   i':;-  sh ^wr   *»•'    '. ^worst   ^ir'-vntn   : nt^t, 

,\ • irt: r-' "-fi 70 - 'aüíii fi e it i >n   ' ''  *h" ^r"   t':nr  tr^it^d   w "i d make   it 

• Tí:--:. "  t.i    'tit'iin   th"  . r" ftnd^c   :&   w-;   ' n  t.,ib!<; '>. 

'¡'.ible %  Classi fi •"ît i <n j,f size frnrti jm-, 
after gp'vndnry crushing i'9«'   iwi'1 

r b otn i •" -i ' ira .7 • -r. 

Ir-i'i' i i z'   f>i''ti in 
V-~-r+ i    . 

' wt;'j 

Ut ') 

. . ¡ * -í* r.V 
!' 0 ,r5 

i "1 i ti r«"-i du^ 

'fe" ivory 

¡,'i rt;f   • -  r 

í>H~1 •'•"-. - 9.;.i + 0.75 V>.5? 19.55 18.6;' :V^ ?\-V) 

H i c n 
frnrrt-   - - 0. ,'S + 0.120 4B.D? ?9. *? 7    P,T f. • 1 

r.;Y- 5?. H 

.>.;•   •r-'i    !    - ->r 
f>;, •-:  -, - 0. - '0 1%4-J .M.47 1V11 1.1' 14./M 

•r -f-it 100.Oc l'li'i.O'1 

M^ad   mr/'lp (calculated) ?%06 rs.o/i ?.r>2 

]h"í-o r»>pultp stow that by secondary rruohins the ^re  t > 9.'; ran ind dry 

r-.'Toorir^,   a concentrate (the rich fraction) permitting r^ci'^r; of 

'"'''. H-.'    r the    „0,   could be obtained. 
2 5 

3«cond  toot 

Another portion of the primary crushed ore was  screened with a 4.75-raii 

ni ove,  the oversize was subjected t)   further step« of crushing and screening 

to  pass the 4.75 "» sieve,  and the final products were mixed and homogenized. 

Again,  a laboratory jaw crusher was used in a closed circuit.      A representative 

sample was collected for screen analysis by coning and quartering.       A nest of 

9  sieves ranging from 4.75 mm to 0.075 ""> was used.       Each size fraction was 

weighed and chemically analysed for f?^ci l°s« of ignition and insoluble 

residue.      The results are tabulated in table 6 and graphically represented 

in figures VIII,  IX and X. 
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Lower sis« liait   of <*) 

fX^I.     Oraia-siM distribution *ft«r 
to » —al— tin of 4«75 m 
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20 
Ins j lu - 
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so- 
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.0 

1 

***** f? 
• •• ••••* 

• « - • é • é • 
•   I   •   I   t 

3iz« frftotiat (( 

•      i 
r* X.     lUUtiv« momi of insoluti« rMltet, loa» on 

tuition ani P.O. oontcnt of th* fraction« obtain«* 
by •orMafni after ••oondary ofwatiaf (4.75 •») 



;••» ri- l   ••r-'tMtt  n  ind   h»*#iia    in» yniB   >f 
r    »•'••T:ì---  n(tf»rv    rvaftin* ! 4. '*•* "w i 

• fri   ' <J» r .-   rt i <r, 
f   t   t i 

'Kumi • 

.'; I- >••   m In«     -j!'   ' 
• tu 11 ,n r*»P' 4 u 

; , '         * •O 1<VW "..4'' >i # rh i 0,  M 

- i           *•   ' « -> ) 4.?9 ".li ,\\>#> >. 'u 

-    • • ' ".':' IS.M >.   ' 

- ' .  S"t-- ' \.  <.': ". " V>t> í. i 

•- *•    ', M * s '.1- .'9..X> ì. Kl *.M 

- 1 '       *•     < 4.  •* M.1/5 • .'Í *>.4< 

- ••     . 'S ,7.04 ?).^V lo. JO U6é 

- %64 ij. <i .'V 4.6 i 

: t'! 100.00 

:4'"ii   i\v • a ' ' '. ¿   at- •i) M.1 • M.H '.**' 

_¿ .'.i'-    f •• -t—mtn  t)   tv.f 2. 

Th.-  hi ;*'•>:•, t  ->i'arhat*>  -• ni >nt   ri within  th« fracti?m  - o. ?s *. 0. V-"> rwi,   *fc : ~f- 

i  s     .-?   VìI;  tv.r     ^wf*3t   'armnat" ontf»nt. 

S'  wir -   :rur'.--  t'  " 1 asa i f y th"  »:ïO fraction h«tre also,  int >  thFPf  grad«* 

'.t'f r:"5 ìLI sn >v#ri   in tab1 e 7« 

Tablt 7. ClMMif icmti on   of iiie frajeti ms 

afte* taeonaadry cruahinf (4. T5 "•>) 

Chnaical  an«! /•it 

Grade 
3 i ze 

friction 
(mm) 

"rapirti on 
<f tota. 
(*0 

(•%*,:) "  0 

Catafory 
A Loa«  on 

ignition 
Insoluto: e 
raaidue 

Recovary 

Ki rat  ; "•  r - 4. ^  + 0.7 b 27. S\) 18.0 19.Î M 20.? 
f ra-c-ti m 

Rich - 0.75  + 0.1? 49.i>2 ?3.4 8.6 M 5«. 5 
fraction 

¿prond p or - 0.1 ?0 22.66 ??.? 17.i 4.0 JäsA 
T-ta' 100.0) 100.0 

H*»ad  samp f' ( "ai cui at ad) 24.19 M.45 7.19 



. r »   »h.    r««u i  «B,   il   !»       "»r  thit  by  «*<  .ndary -rúan >n« IH.      r-   •     1.''    ""» 

ml   iry   rr^ir^,   *  •• -n^»ntr»t" ( th«    ri   h   frvti>n)   pfWjtting rf   >v.-ry     f 

f   t,h<     - \    • ni  á   <ìf    •bt»tn«d. 

»       •n.'"»r:.i<n    f   *       thr  tr"«*rtin«r  r«*auH§   if primary  »«ri  «**' >nd'*rv 

ruw-nr    I   th.-    r.   ah  M  thaï   m.    <r.-  ua«a   in thia work   ww *>d»>r*U i.y  hird. 

In   '»'       runhing st%#«**   *      t^       »ra**r  si/.*«   f<>n-«4  f"«dmf «•«* p^anib  < 

w,th>ut   wu-h  harm vid   with  rr>durti >n   >f   *   r* «aonab I *• a»ount    >f fin««. 

(.   ,Ber      .nir.':    f the  cmáiti'jna h*•«ma   «ee««tial   in  the  «t«c<w -f nor mdary 

ruahme.       Hi* «wra    hohiviiur  if the di ut nbuti wi  ->f nho»nh">H tea, 

oarbofi*t*»R  and «r.i'-a  ^nnfwta   >f the  -i«  in prtaary rruahin« i« »"re   >r     «••• 

the ea«N" a*  m «econaary cr»«hinf.       Tt  can  b* c.mclu4«d   that «ati.fatt >ry 

upfT^iin« of th« ir*«  to  a r«naonaeU  racovary rat«  ia not  noaaib> bgr the 

•tari«"  treatnant of (rushin« «ni talactiv« acrccninf 

fimi tant nari «a 

k  sartaa of •!• tanta MI Bade to invastiftt« tu« «ff«et of Manin« cm 

th« olilo ri n« contant of tna or«.     tna t«**« »«» eon#ao*«i Ir »i«i»f '«>-* 

lot« of ontanal ora (4.75 •) «1*» 1« «i3 of NOM «tar for »ariosa of %   10, 

1%  IO,  ^ «li 30 alii.      •*• «Mai preénet« «m filtarn«,  4rt«i ani 

ofca»io«lly analjraai.       Ilia mm Ita ara fi van in taal« 6. 

fasla S.Wf«ct of »nanin« «H*" **• M*«r on 

th« oaaalcnl anni vali of aaoon Aary orasti«! ora (#.?*>••) 

Taat  p». 
of 

Baratto« 
«WkilMJ (• •m) 

Vaii*t 
raslana («) 

H.5 

.2o       Cl 

(«•*)    («*) 

n.oo o.of i 

La«« on 
ipiitioa 

1J.00 

Inaolafcl« 
rmiên« 
(•ÜB 

1 5 T.éT 

t to ft. 4 ».53   0.010 11.51 S.OT 

i 15 ft.l 15. t)   0.0*3 ll.ft T.iT 

4 10 fT.i »4.14   0.010 13.» §.04_ 

5 » •T.I 15.5*   0.010 11.11 T.T1 . 

• * rr.T •4.14   0.01) It.fT t. if. 



,;       ml   ti'Pt   rvn 'M- 

,,,-r,,'f;   -t*  ' '  t.'BtH w in     'ndut -d  t     ui"-"ti«tc lhc  "ffcct   if w»«hin»»  in 

th..     ¡       r- • p. » ; *•  -rìt      f   ' ' ''     -i- ' "•'.<•«' i-r      '    W • "   •     i'i   'in 

,      .»• n   ;r ,       ,.     ;-,     >'   ' ' •      '    ••'•> <*•   4   -    •   '.'.       Th<    ("*.•-  M  r<-  <-arrl«»d   ml  by 

-   X'n,'   '  ' -.••       '        t    Tu:ir.-.1     r<-  < -!. ,L  PV ^  w  th   1 • ' 1   ••"       f wit<r  fr>*   th<> 
v    ri'irrtih,   w      '   win t*-   md   "    ^lar. • r ih   ml   fr"-  H '»n   !'  r  ">"n ">4*   if S.l'i  Vtd 

.    .-•»-,        >,   wii^od  • r iui-t-  w r    f    •'*•'<!,   Ired   mi   it.xyr."<\  chmi '*11y. 

!•• .vi   te    ir     òr   W   in   ti IV •'•   '. 

" ir   <   -<, "ff- -t    if w^sr^nr W'ti' di ffrrmi tintore   in   th<» 
-•t. «ii   a'.   Mia.ys!»   •!" s"o indarv    rua+ied  .r<- ; 4. ''> mm) 

Dur it. T       .• . TM 

r w.-r    T^t f f 
•J  ,       winning    r^niiu- 

»t'> 
w( 

«n«   -ri       in* ^lubli 
Vi'li >r>      r#el4u' 

"tiri ir 

wan «h 

:-*i'?3- r»h 

' 1 
»''. H.4' .,1 • ' '..M '.?'•* 

5 H 97.9 .'4.V il, 01 < 19,-' <, -'>••; * 

s U r7. >4. vi i (,>N 7.-^ 

4 • 9V> ."••. i«S ), l'H M. il 1.47 

' i k 9'.9 "» .(*> V-^ i?.f4 *,?i 

^ - 97.*- .?S4« V\">6 12.9* V-4 

7 t. 9'V .-».*0 0. ^ VO 'i.» /.id 

1 1^ 97. f ">. '6 J.ÛV'1 12.6» 7.7^ 

9 JO 97.^ ^.M 0.0?ô M, 09 7.79 

10 S >>a..s '"i.'X) ).•:)? Ì M. 00 7.67 

11 1S 9% 1 ?*i.M V)?i 1 VM 7,?'' 

12 io 97.7 24. M 0.02} 12.97 M9 

On<-l»«ion« 

A comrarisjR of th« preceding recuit* **ONB  that  mahiiig fir *> minutai in 

•7uit>- nuffi  lent to reduce tk« oklarin« contant to velue* i.»fgeljr  lower tneji 

•tu- acceptat'ie valu« in th« inéwtrte* Mtitf «V »f th* f~>ur KinA* of ««ter 

m*nt imed it) vr.      However, Il  lM<êtJ> ««ter •••»• %o bt> the ao*t «ffeettv« «*t«r 

t'  use for th: s  purpu*«. 

*1B1B«B^H 
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' n ••a- *•••' :"¿ I';, • iv1 tir rl ?crfiuM W 
r'M«)y •*!      re- t   if n%ohinff and wot  scranni ng on thr upgrading >f t^ 

•.•     if    t>; 

nil'   ••• 

.»•  .    ,. ; Wr.r,   pa,        In th<-  first  ¡i'rioB,   r»^irH««it»tivt 

•M»iry - ri:-,h'T<l   >ro ( 19.0 urn)  WTR uand  and   ir  the B^cond, 

•.if"     —     f  th^ 8>»f»n«l»ry <:ruBh«»d   >PP (d.T*) a»,). 

'   n • ¡i    <f test;;  or -D.-'-ftm    rushed or« 

!'•        •.•»nti»  wati      nductod   i      itivntigatf»  the  effe'U   .,f wur.h.ri» 

i"   -r,   t'i    u t ' /»r H.d i n,"   if   th*-    if. 

in   ••;•*   *J ,   \   th-  'Tutihnd    r^ «MM »-ir> H   t'^r '   n\n  md wet irpren-'i   *r.  * 

'.     -wn     Ri.-v .       *   n! i^tit    r .Tíd i n|C „m,   ibtunnd;     21, (tiff-   n,>CL   at   *1.d*      , Jt 

...ry. 

ir   »ont   N  ,   \   th"     ruBh"d     P"  uas »f%ah»>d   f «r '' Bin,   «wt icre«!»*.1   T.   i 

-•*  r  .v*'  %mi  tri-1   irvi-->-:-1 .-'<   1"t, ¡»med  to  ">. ^ ' an.      A  concnntr%t"   "••' grmn 

-1. "   *    . )6^ <WK war     bt.nn'id having ?•''.<»'' -   >s at   (?,6fL 'y\   r^c  very. 

In   t,ei?t  fh,   í, th«-'     r-a¡íh"d   >r*» WU »IBI  wüihed fir S «111 ana w««t   ":re<»fì«d 

•    i   '.,'  -mm lifvc, out   *•'   undfPBizf was d*»s   : n^d  ti  0.1?O a».      The   —:-«ntrat^ 

t    trun BíK< -4.'1' *    '. 1 >A nr thus obtained  h-«i  'q.l1,i n^0t at 66.0JÉ FJ 

^•ry. 
? •> ^ ' 

In  t*st No.  4,   th.     rushed  >re SJBS amahed  t >r '> «in «Md «at acreened   >n a 

. ,-mrs sieve.      The under*i ¡re «M daaliaed  to 0,1 ?0 aa.      1 coaeantrate   >f 

•run   Bit,* -2. s • J. 120 «jn  MM OO 1!acted with  ?9.1¿* P?Q    at 61.7* F'pC^.   recovery. 

In  teat  Ho,  *.,   th*     rushed or« 

ri   4    '.Va* Bievo.       Th<- onderai te « 

I Maahed  for ') ainatsa ani wat Bcrnenod 

dea li aed to 0.60 as.      â concentrate   -f 

«r*ir  sue --*.'   • o.üoo na «aa obtatnad ha vin* 28.374 P,0,   at ?O,0jl r» 

Th* raaut« ar« tatoulatad la table 10. It is 

m r»'«tviaf ana daaUattm tha -19.0-aal email ad ora, a 

thf   grade of the <3f a«n b« abtainaá. 

«amt ar inci *rt 

ant in 

ifei^^^ 



Tibie  i.). F,ff<» t   <{ waahin*,  w»t «cremin* and dp*! i min* 
m thr >hcmi  a.   -uialysia of primary cruah<»d  JT" (V>.J mm) 

I'píít        .i -. íP  ftvvt i TI 

N •.                 ( mm) 

r'P'irt i 'ri 
if total 

sample ( wt>') 

Chow ic»l walyais (wt") 

1 >*••   -i         Tn:í ^uH1«' 

imitili        reu i du- 

!' 0 
2  5 

Recovery 
ii) 

-   < »..->  + 4. 7'> 2'). JO 19. )1 20.8J S. J 18.6 

• -    4. /'.+ 74.70 27.06 11.01 7. «<8 alai 
•'• • d  ( cali jlated) 100.00 24.84 13.48 7.02 1 )0,o 

-   '• KO + 4. 7'« 2% 40 18.87 19. )7 5  ?* 19.1 

-    4.75 + 0.060 64. JO 28. J2 9.87 B.?5 72.6 

-     1.060 10.30 20.41 19.51 5.17 Jai 
! •<"d( nal cu !;ited; 100.00 ?4.99 13.25 7.16 100.0 

-   U.O  • 4.'S 2'). 90 18.73 21.26 5.1? 19.5 

-    4.75+ 0.12 f;«.50 28.11 9.51 8.66 66.6 

* -      '.1? 2¿a¿2 22.19 16.79 5.50 üal 
(Tfd (calculated) 100.00 24.75 13.16 7.2J 100.0 

~  '9.0 + 2.1? JO. JO 18.49 20.24 9.45 22.5 

-    2.5   ^ 0.12 54.20 29.16 8.74 7.75 63.7 

4 -     0.1? ü¿2 22.24 16.90 5.81 ¿ia£ 
Feed (calculated) 100.00 ?4.84 13.42 7.96 100.0 

-  19.0 • 2.5 29.30 18.S5 18.77 9.81 22.1 

2.5 • O.OéO 60.40 28.8? 9.10 8.12 70.0 

'. -    0.060 J2aJ2 19.16 20.11 5.20 Jai 
^«¿(calculated) 100.00 24.9? 13.05 8.30 100.0 

Stritt 9f ttttt m -iJfri 
A serie« of six teata was conducted to investigate the effect of 

and wot acr*«ninf on the upgrading of the -4.75H» crashed or«. 

In test Bo.  1,  the crushed ore was «ashed for 5 «in MIS' **t screened on a 

2.5-s» nevt.      A very «light upgrading «as detected. 

In test io. 2, the crushed ore, after washing for 5 "in and «st screening 

m the 2.5-asj sieve, was dea li «ed to 0.06O s».      A concentrate of grain sit« 

«• 



V 
y j 

Pah «   lì. :«:ffocl   )f washing,   W't scmoning and d"8liming   m 
tho chomical   anaVyais of seemdary ^mahnd   T^ (4.7'; n») 

'-•nt, òi ?,c Tra"» i on 

frinirti on 
)f  tita1 

aarar ì t> 

Ut •*) 

Ch eruca!   ana 

(wt  /) 

ìyaia 
;     < 

.   .                  ( mm) r-    1 
? 5 

Losa on 

inni ti >n 
Ina<i lubl^ 
ros i du« 

recovery 

- /i.7',    +• :\s 15.« 15.69 ,'2.6? 6,92 10.2 

i - :'.') B4.2 ?•).';) n.i5 1.1\ 2^ 
Peed ( cai cu . ìt<»d) 100.0 24. l'> 1 1.< > 7.59 100.0 

~-   4.75     •   2.5 16.? 15.92 21.81 7.71 io.* 

p -  2.S       •  0.060 m.6 2P.16 10.14 8.40 TT#Q 

- 0.060 15.2 19.14 19.SO 6.11 11.c 

Peed (calt:u.at«l) 1 X>,0 24. Il 11.44 7.95 100.0 

- 4.75    *  i.5 TO. 2 \f-, io >V> 11.24 M. 1 

-    I.'l          V     V1''^ ').1.H •»'.»" V'1 .'•>'- •'."• 

-     V'ÓU IS. • 'n.01 6.02 11 .'„» 

Ffiad (calcu'ataé) 100.0 >4.6i 11.41 8.* 100.0 

- 4.75    • 1.5 21.2 i?.*ì 
19.7o 11.51 15.1 

-  1.5       4- 0.12 54.7 28.62 9.0J 9.29 61.5 

4 - 0,12 24>1 2i.'6 11.01 4.51 JM 
K«i«d (caicu .ated) 100.0 24.67 11.44 9.60 100. o 

- 4.75    •  1 2}.7 W.90 20.91 10.29 17.ü 

- 1           * 0.12 52.9 29.11 6.96 9.15 62.4 

s - 0.12 21.4 21.76 16.20 4.65 2Q.6 

Paca ( calcul atai) 
— 

100.0 24.70 11.93 8.15 100.0 

~- 4.75   • i 21.0 17.70 21.«S 9.68 16.2 

~ 1          • 0.060 »2.7 29.44 9. W 8.15 M. 4 

6 - 0.060 1aVi Vì.44 20.06 8. 19 10.4 

J«i«i (calou at«d) 100.0 25.15 1 1.60 8.5? 100.0 
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-  .    +    . wk) tm wan   'i>tam«wl having ?*. 1^ P?0S al TL9* 'V\   rom-orr. 

In  test Ho.   i, tho   -ru»h«l oro ma Mattai f >r 'i min  auid  r<  rertiod    n   •% 

'.  -ran P'^ve.    Tho und orni ?,<• «aß dc>« Hated  to 0.060 nm,       A  «• ^nrontrtt"   <f  »rain 

tn.-f  -  .     •• n.ofco mm MM  obtained havtnéT í*6, ÏTjt P?\ at   M.'I* r,0,   mr >v«ry. 

In  trat  No.  4,  th*- cm«h«d   ire, after washing and wet  Berewiin^  >n   tho 
1. s-mn aipvp,  was donimi«!  to it, 1 'il im«»       A c^ncentrat'-   >T griin ai?." 

-1.    • >).1? MI was competed with    ;.6?j£ " 0    at 6V>,' n  J    r^ H'ify, 

in  t'-Bt Mo.  S,  the cpu«h«d    r<  was vstshed for '> min  and  w<t sor'onné  on a 
1-Wi nevo,      Thr (-oncontrato,    >f ^rain  »ti* -1  • 0,1? mm,  had  19.M,' l1

o0k   at 

t)'.4',- " ,l\   recovery. 

In test Ho. 6, the crashed .)r*», after washinf and wet «oreonin£ on  the 

*-nr si ove, was denlieod to 0.060 MI,      A concentrate of grain sice 

-"   • 0. ^O est WM coll»»ctwá »avine .*í.44j£ P-0    «t M.<£ P?0r   r*o-vry, 

Th-   detailed reacts of this aerie* ere snow* in tabi* n. 

Conci we i 

Pro« the resalta of Masti in«, wat screening and des Hain* of tk« c 

>re (both 19.0 ai and 4.7e) m),  it can se cone ledei thet seti «factory 

upgradinc »t rssjwnssls recovery ia not possisi« s/ this 

mi 
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II.    ÜRK-OAT.CINATION 3TUÜTK3 

The  chemical   and mineralogi   a    ctudies of the Eaetem-A te^hnclogica' 

B%mr> showed 'hat   the gangur» minora'n aro primarily calcite ( JO-i1)'.') with 

nub rdinatr ni'ica i^-idf^) and on1,? minor amounts  of clay.      The ma;/>r 

hen» f i M atim problems will   be  th iß"   >f the séparation of the ph   srhate mineral 

fr >P calcite,  ni'ica in  various  f^rms  and,  possibly,   c'ay. 

bénéficiât i m processes that   might   be applicable  ti  this  type of   -re 

include  calcination f>l lowed by quenching-hydration,   wet scrubbing,  washing and 

dee ! îming.      The  calcite  is C)nvert»d  to   lime  in the calcination.       Durinp the 

G'-ruboiug operation,   the   lime ia  s'aked  ( CaO -t- H O^Ca(OH)-) and  bee irnee very 

fine (milky),  thus  simplifying the subsequent classification steps.       The wet 

•-.rvcesB may have  the advantage of not  requiring a fine grind.       In addition,   it 

is  conceivable that water in the system can attack the  lime in places not        . 

read i y accessible  to  the action   of dry grinding and thus effect   a more complete 

separati->n :f the  lime from the phosphate nodules and permit    virtually complete 

eliminati m of free  lime.      The result would be a higher grade phosphate 

concentrate for acidulation,  requiring lower acid consumption  in  superphosphate 

production. 

Calcination was carriad out  in crucible furnace using porcelain disheB of 

200-cm    capacity.       Th« calcinad sample was quenched with an equal amount of 

water immediately after removal  fron the furnace.      The quenched and hydrated 

ore was scrubbed  in a 1-liter capacity glass beaker and washed by décantation 

till  the washings were slime-free.       The hydration and washing processes of the 

calcined phosphate ore are very important for the efficiency of the whole 

operation of concentration and for the final  enrichment of the phosphate ore. 

The primary objective of the calcination studies was the determination of 

the time and temperature conditions that would give maximum losa on ignition. 

A   large number of calcination and washing tests were carried out to determine 

these and the other optimum parameters with the highest efficiency.      A list of 

all parameters studied followst 

drain sits of the erad« ore 

Temperature of calcination 

Duration of oaloination 
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Durati in ^f on^nohins-hydrati m 

j rurce   if waiïh water 

Temperature   'f waßh  wat'>r 

Addition  of ammonium chloride and hydrochloric acid  to wann water 

Dry  rrrindin<T,   scrubbing and separati >n conditions 

Iff'o t   -,f  ,:rain  '•;[:•'• 

• in.i. * i -r. 

' t.v-'Jt i.rat^   th" effect   )f tfrain  siz^,   ">re crußhed   to  different   niz^r 

-,<.'•',   -'".'7'-|   -'-.r;i   "uid -1.P0 mr:)  were calcined under  the following 

r^npor-itur"    f .-alci nati in,  900 C 

Duration   ;f  "a'.oinati )n,   1   h 

Durât1   ••   :f  -ruschi rehydration   Í0 -iin 

..'ai-.n: ••. ; wit:. '-.'.t.  wat~r,   un i i   washings were slime-free 

The   ronu:ta   are  ninm  ir!  table  12. 

"ab.'   1?.     I'.ff^'t   of grain size  on  th" chemical   analyr¡t3 
if  calcined   U" 

Peed-o re 
ize Product 

Proportion 
of total 
(wt i) 

Chemical analysis 
(wt i) P2°5 

grain ? D 0 
•2U5 

Ci Toss on 
i en i t ? •"" 

Tnsolub1 

resH'K recover 

Concentrate 31. Ì0 32.07 0.04 1.97 9.33 95.4 

-  W.O mm Tailings 18.70 6.76 - 20.57 4.04 4.6 

Feed 
(calculated) 

100.00 27.33 - 5-44 8.33 100.0 

Concentrate 78.67 32.70 0.04 1.87 9.23 93.3 

-   9.r> mm Tai lings 21.33 7.88 - 18.98 3.92 6.2 

Feed 
(calculated) 

100.00 27.40 - 5.51 8.10 100.0 

'Concentrate 80.07 32.85 0.04 2.01 8.79 94.5 
-    4.7' mm Tailings 1?t?3 7.70 - 19.62 3.84 -¿t¿ 

Feed 
( calculated) 

100.00 27.83 - 5.52 7.79 100.0 

Concentrate 74.5 31.63 0.07 1.88 10.68 90.0 

-    2.5 mm Tailings -£*1 10.27 - 17.07 3.95 10.0 
Feed 

(calculated) 
100.0 26.18 - 5.75 8.95 100.0 

-    1. ?( > ran 
Pe« 

"Concentrate 
Tailings 

i (calculated) 

72.7 

27.3 
100.0 

31.73 
10.46 

25.91 

0.03 1.62 
16.92 

5.79 

10.39 
4.14 
8.68 

89.0 
11.0 

100.0 

«EMU 



- 39 - 

tt appears that calcination of ore crushed  to 4.75 nun gives the best grade of 

concentrato at high P„0t   recovery. 

Effect of temperature of calcination 

Theoretically,  calcium carbonate (OaCO,) decomposes into CaO and CO,, at 

89^°0,  but  the actual  temperature    required for calcination may vary somewhat 

in accordane" with the material   being calcined and the properties desired  in 

the calcined nroduct. 

A series of   - L'JLnation experiments at 850°, 900 , 950    and 1000 C was 

performed,  using the following conditio^.: 

drain size   >f the crude ore,  -4.75 mm 

Duration of calcination,   1  h 

Duration ->f nfuenching-hydration   }0 min 

Washing with hot water,  until  washings were slime-free 

The results are shown in table 13. 

Tibie 13.    Effect of temperature of calcination on the chemical 
analysis of calcined ore 

Temperature                                Proportion 
of                      Product        of total 

calcination                                  (wt $) 
(°c) 

Chemical analye 
(wt i) 

lis 
P2°5 

P2°5 
CI LOBS on 

ignition 
Insoluble 
residue 

recovery 

Concentrate 86.11 28.26 O.O4 6.94 8.64 9O.85 

850 Tailings 13.8? 17.68 - 15.19 5.30 9.15 

Feed (calculated) 100.00 26.78 - 8.08 8.17 100.00 

Concentrate 80.07 32.85 0.04 2.01 8.79 94.50 

900 Tailings 1?1?J 7.7O - 19.62 3.84 5.50 

_Feed (calculated) 100.00 27.83 - 5.52 7.79 100.00 

Concentrate 78.82 32.19 0.04 1.64 10.50 92.76 

950 Tai lings 21.18 9.35 - 18.11 3.58 7.24 

Feed (calculated) 100.00 27.35 - 5.12 9.02 100.00 

1000 Concentrate 82.91 32.55 0.03 1.03 10.89 95.47 

Tailings 17.09 7.52 - 18.06 3.59 4.53 

Feed (calculated) 100.00 28.26 - 3.93 9.61 100.00 
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It  is e'rar that a ten re rature of 900°C may be considered sufficient  for the 

dec >nTvisi ti m   if  the  carbonates   in   this ore. 

F.ff'vt    'f Jurat: in   : a: binati m 

"h--  tin- required  fir calcination ie also a function of temperature and 

mir. sino.       FT th"  runno" of this investigation,   calcination  tests of tho 

crudo  oro crushed t-   4. < ^ nm were carried out at 900 0 for periods  in the 

ranc-e   VJ - 9w min.       Tro results  ar»j  in table  14. 

Tab1e  14, Effect   if duration of calcination on the chemical 
analysis   if calcined   >re 

nat i on nr~duet3 

' ro~ -'-t : on 
if  *   ta 

Oh em i cal  analys 
(wt /) 

IS 

Ä 
tine PA :i toss on Insoluble ' "i 

(min) ignition resi due 

'^incentrate 37.66 30.23 0.0 3 4.43 8.43 95.50 

W TailingB 12.14 10.23 - 18.76 4.69 4.50 

Feed (calculâted)100.00 27.80 - 6.16 7.97 100.00 

Concentrate 82.08 32.32 0.04 2.35 8.75 95.12 

45 Tailings 17.92 7.92 - 19.50 3.36 _4j88 

Feed 
(calculated) 

100.00 27.89 - 5.42 7.87 100.00 

Concentrate 30.07 32.85 0.04 2.01 8.79 94.50 

60 Tailings 19.93 7.70 - 19.62 3.34 5.50 

Feed 
(calculated ) 

100.OC 27.83 - 5.52 7.79 100.00 

Concentrate 77.84 32.81 0.03 1.85 9.11 92.34 

75 Tailings 22.16 8.90 - 18.25 4.03 -uii. 
Feed 
(calculated) 

100.00 27.51 - 5.48 7.98 100.00 

Concentrate 76.83 32.19 0.03 1.90 10.37 91.02 

90 Tailings 23.17 10.56 - 17.56 3.67 a.* 
Feed 

I (calculated) 
100.00 27.17 - 5.52 8.81 100.00 
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A  gradual   decrease in the  ignition  ! :>n:<   LFî  observed  as the calcina*.: 

tin"  i3 increar,>d  from   JO min  to 60 »in.       If UT that,   the decrease  in 

•ini 711 fi oar*..        ': 'ci nation  at 900 C  for óo nin  gives  the be3t  grade   ;•* 

•  r '«ntntr   M'.'        :   ,':   at   f4.l*<jf; P.,0:    r^w^ry). 

.:"fV f iu ru *. : 

2 5 

f Tur,nci.in/»-hjfdration 

•f removal   of (*•"*    mus* 

n'-i/dnti )n  and washing   >f  tn• calcined ore are tw> 

•   *.h" t"rhn ) 1 >gical  f ! >w orort   that  finally d"t"m: 

•:.':r- rr::'-afj   >f enrichment    iy 'calcinati in.       The , 

t'        :i     ;natijn  orocess  be-i'jn 

n.-i" x i"  3)   obtained  forms   i  co.-,- ^nai 'n   :>f slaked     i^ 

f th" slaked   lime by       w  rfi'   stirring followed 

,:.   »ho  advantages    ff  r^d   oy  the oa'cination pro 

3h  the hydration,   it   > -• r--"^-.îsary to detemin» th 

•   n'    f •••»ntac»'   )f   "he calcined ore with wa*:r.       4  Beri es of  tests wa; 

'   r that pur---a» ,      id  the results are giv-.   • r.   '.obie  1% 

Table r*    If feet   ?f duration  if   ru-n-'" i r. »-hydration on the 
cheminai  analysis   : f  oa.cined ore 

TU' 

• : ;  •! en -y     •    ••; 

'<   i-   i\rv*i   ;:,   t- 

• •')ratr,d.       "'•'      h- 

r  y  oy  -Mimina* i 

•.-/ashing   'ar.   ;r¡'   us 

In   'Mor t J  ac" n- 

in 

33   IS 

:     -1    1 

• *;mum 

•tie 

;j' ri -m ng 
hydrati >n 

tine 
(min] 

•xr. 
r'- -Trtion 
;f  total 

Ih'p;real »nalys 13 

Lr 
vrt   C) V-, Lo33 on 

ignition 
Ins ï'uble 
residue 

îv^ry 

(;:) 

JO 

40 

50 

60 

Im^iiTv,1        31.53 
Tail in- 1 J.47 

Feed (calculated)100.00 

Vincent rate 
Tai ' in~r 

J 5.52 

Feed  C cal-i   ated)l00.00 

~   Cm .-en* rate        30.0? 
Tailing 19.93 

Feed ( oaloulated)l00.00 

"~   decentrate        80.34 
Tailing 19.66 

Feed ( calculated) 100.00 

Concentrate        73.57 
Tailings 21.43 

Peed (calculated)lOO.OO 

Concentrate        76.87 
Tailings 23.13 

Peed (calculated)lOO.OO 

3LJ5 
10.23 
27.45 

32.4? 
7.49 

27.56 

32.85 
7.70 

27.83 

33.18 
8.06 

28.23 

32.0? 
7.78 

27.28 

32.88 
11.96 
28.03 

.04 

H 

0.04 

0.03 

0.04 

0.0 3 

3.18 
16.70 
5.67 

1.87 
17.99 
5.00 

2.01 
19.62 
5.52 

1.35 
17.22 
4.46 

1.64 
13.98 
5.34 

1.50 
15.22 
4.6? 

8.75 
3.-9 
7.79 

8.4) 
3.75 
7.51 

8.79 
3.34 
7.79 

9.04 
4.18 
8.08 

9.56 
4.14 
8.39 

10.47 
4.24 
9.02 

9 3.11 

1 v\.X) 

,"?° 
•   '.00 

.-.:.so 

' 50.00 

;4.40 

h«* 
1 10.00 

^ 3.91 

100.00 

>3.15 

100.00 
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The concéntrate of the highest  TUT ' i tv,   M.lRf P0C\   at 94.4^ Po0t   recovery is 

obtained with a quenching-hydrcition  and wet scrubbing of 40 min;    however,   30 min 

is quite sufficient  from the nomini • point of view. 

Effect of source of wash water 

In this  investigation heited water from four different s-mrce» was tested: 

Horns and the three wells near the Phosphate denosits  that were mentioned  earlier. 

The  :ithT nara»et"ro w»1"" r; x"d  •<"   f^l'^vr«: 

Or'» in   Rize    )f   "TtlH'      • T'1",    - 

Te«r">"r-ituro   if   ri'-  •'.')* i >r. , 

Duration  of calkin it-   n,   1   ^ 

i .v ,• 

Durati m of quench' n••r-byir-\+ \<>n,   ?'i nin 

The results are in table 16. 

Tablel6. Effect of using heated water from various sources for 
washing on the chemical  analysis of calcined ore 

Proportion Chemical analyr ;is 
•     r2°5 

recovery 
(*) 

Jourue of          _     ,                       _            . Product            of total 
water                                            /   .   ,<\ (wt ',;) 

P?°5 
CI Ioss on 

ignition 
Insoluble 
residue 

K •  Bardah ' Concentrate       80.36 32.77 0.07 ?. 39 8.76* 94.6 

Tallin»             19.14 7.96 - 18.95 3.57 5.4 
Peed (calculated)lOO.OO 28.01 - S 55 7.76 100.0 

El oiw.viah Concentrate       80.31 32.55 0.07 2.44 9.88 94.7 
Tallin«             19.19 7.68 - 18.81 3.78 -Ü 

IM (calculated)lOO.OO ?7.77 - 5.57 8.70 100.0 

El  Bassira h    Concentrate       80.86 32.24 0.08 2.70 8.80 94.8 

Tallin««             1¡?t14 7.57 - 18.59 3.70 Ji¿ 
k«»d( calculated) 100.00 27.50 - 5.73 7.81 100.0 

Horns Concentrate       8O.O7 32.85 0.04 2.01 8.79 94.5 
Tallin«.             19t93, 7.70 - 19.62 3.84 5.5 

Fs«d (calculated) 100.00 27.83 5.52 7.79 100.0 

•MMrf 
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It  io clear that al!   four kinds of wat-r aro suitable for washing the 

ci'ntned or*;;    th'- rliff^ren^cn  in   the recultn aro  iriHignificant. 

"Tfect. of temperature of washing water 

In order to determine  tir: influendo of wash-water temperature calcination 

teats  were carried   >ut undrjr the aame conditionr  as   in the preceding experiment, 

f'xcppt  th« wash water waa rot heated.      The  ronu'ts aro tabulated  in table 17. 

Table 17.   ':¡tToct  of  using cold wat-»r frn  various  sources   for 
washing on  the ch»mioal  analysis   >p calcined ore 

3'iurc» of 
water 

Proportion 

T duct ,ot   ^tal 

(wt  ¿) 

Ch-mi • i     ana lys !8 

' r> 5 
r>'-")very 

(') 

n 0 r; 1 'osa 'in 
'•71 i t i on 

Inaolublf 
residue 

^1   I3*rdah JC »nenntrat^ 3?. <R 3?.?4 0. ^ \^ 9.O3 94.41 

jjMlinßs 17.6? a.1^ - n.5? 3.97 ?• 5? 
100.00 ?8.32 - '•.40 8.12 100.00 

y.\  3 '•> wan ah p;<>nc-ri trato *>. n 31.41» o.O* 3.29 9.38 9S. 37 

[lai lino« 14.69 8.R5 - ifl.«9 4.04 4t6¿ 
100.00 ?8.10 - 5.57 8.59 1'Vi.oo 

HI   Baas i rail [Concentrate 3 3.94 31.81 0.08 2.56 8.77 95.52 

Jjai 1 i ngs 16.06 7.78 - 19.16 3.58 4t48 
100.00 27.95 - 5.21 7.93 100.00 

Horn« |Concentrate 80.75 32.60 O.06 2.23 9.47 94.91 
[Tailings 1?t2^ 7.37 - 19.43 3.53 ito? 

100.00 27.73 - 5.53 8.31 100.00 

A conpariaon of tables  16 and 17 shows that the temperature of washing 

water has no significant effect on the grade of concentrate obtained, although 

the use of hot water doss slightly increase the P-0C content of the concentrate. 



4-1 - 

KftVct   'f additi >na    -f   mm  tr urn     h    »mir and hydr^h.   r"-   i    -i   \ th^ 
waah wtt'r 

;•.,.-   ml.' of  wmr     h    .r. i<    "i   the washinr nr^-nn   tr ti  invert   ihn 

e-i ;.Muni and ma«n«Bium hyd r > x ! i ->B   t »  th»i r ailublo  rhi>r1d-"i <n  that  they    -in h. 

oaaily romoved.       Additi >n   >f hydrochloric  «rid   to   the WíBh'n^ wt»r  inerme 

thp solubility and   tho dispersion   if calcium and magnesium hydroxide!,   i.e., 

thp  rili,. of hydrochloric  acid would be not only  to  rwprt "aleium and   marnent uir 

hydroxides   to their aolub!.> chl^rid-B,  but also   to   ine roas    the solubility 

-aid dispera i on of calcium and magnesium compounds. 

A series of  teatB was made   in which  different    amounts of ammoniun   chloride 

and  hydrochloric acid were add^d   tc  *hP wash water und-r  th    f.; ; ! >win* 

u jnd: • i ^r.s : 

Grain  size of crude   irr,  -4.71- ••» 

Tonmorature   if  calcination,  900    C 

Duration of ca'cinati ">n  1  h 

Duration of  rnjenehing'-hvdration  30 min 

The resulta are shown in table 18. 

Table 18. Effect 
on the 

of additions of ÄH.C]   and HCl   to wash water 
chemical  analysis 3f calcined ore 

Addition 
and Product 

amount 
(kg/ton of ore) 

NH.C1,  ten 

NH.C1,  twenty 
4 

HCl,   two 

HCl,  five 

[Concen- 
trate 

Tailings 

Concen- 
trate 

Tai lings 

Concen- 
trate 

Tailing* 

jConcen- 
I  trate 
[Tai unga 

Propor- 
tion   OÍ'   p   Q 
total       2 5 

(wt i) 

Chemical  analysis 

CI Loss on    Insoluble 
ignition      residue 

82.90 32.52 0.07 

17.10 7.98 - 
100.00 28.31 

81.89 32.57 0.10 

18.11 
100.00 

82.71 
_L2i¿2 
100.00 

82.71 

-12x12 
100.00 

8.19 
28.15 

31.95 
8.04 

27.81 

0.07 

32.72    0.09 

8.21 
28.47      - 

2.57 

19.12 
5.39 

2.22 

19.25 
5.29 

3.11 
18.40 
5.75 

2.64 

18.97 
5.45 

8.45 

3.78 
7.64 

9.85 

3.62 
8.71 

9.32 
3.98 
3.38 

8.88 

3.75 
7.98 

P2°5 
rscovery 

95.19 

94.74 

iôo.5é 
95.00 

95.04 

4.96 
1Ô0.» 

•ISBBSn 



•   f in grife!IM ml Tfcintw1 

• 

'   m,.    rvli'Afi  hy  '••»'''ini*!   ri   irvi-r    pHf-if*      nii«' TI«    P   T  **• • r   *>vtri   t • • 

• >    - '»in-ri1   i??'--*    ¡' Tint i t'irrita »ni   ri   u i   b>>  br>k*r;   'ir,  ' r^f'-rv   y   ^v  'i 

ir' fu    V B'   '"'imi  .Tiirlin/t     r  B'ruhhin,'»   ineriti in.        Air " '.nmr- • f i ~=i4 >   n  T*y 

t><>   I«    irvvl  ';  r-"» V"   tr'-   fin«-   :•*'   frwinn^ 

':r''us m*«4hiÍB   if   »cr>mn , i^hin«»  thin rr     *»BB  wrr  ~>nrii'r- i. '> r    Tí" 

id  - • <• •) ( • fi^iUB'î    f  it;*   f  piib'     ty  »ri  r >mr-ït ; n¡ 1 i ty with     %b  ni   rv-H! :" 

n%nf , •-*?.)  inv"lvfi  Oi*  u«f   if   %  ¿-.it^r pTcr ; »in-n» : '   w !     with   M'   -1  -Tr 

wf--*tit   p»tl '   ->f 1»1.       T»>   £r indine time» »or»» tri Ml     11   m<r  and   v) min. 

^a"in%t! >n was  "»rr' **i     ut und°r th«sp   ~ indi t i ~>n« t 

drain size :>f crude ire, -4. ^ "« 

Tonperature >f calcination, 9fXÍ e 

Duration  if calcination,  1  h 

The r**au1ti »rr Bh)Wi   in  table 19. 

Table 19. Kffect   ->f dry ffriniinff ana aaaaratton on the 
ch«aic«l ana1.jrsi• of calcina* or« 

Tine of 
Product 

Proportion 
of total 
(«t *) 

Chtaioal analjraii w 
Grinding 
tiaa 
(aia) 

p?os CI loa« on 
ignition 

Tnao1uh ^ * 
r*«idw« 

r#civ«ry 

JConcftntrat* *% j» ?9.9^ o.o*> i.tSO 3.64 9L4.^ 

1*. [Tailinga 14.6? 16.55 - 9.40 Si«) 8.55 

100.00 ?7.9« - 4.44 3.1? 100.00 

J Cone «it rat e 81.24 Ì0.19 0.05 3.20 9.1? 90.4*) 

)0 l|ailinfa 16.76 15.87 - S. 86 %Ì4 9.55 

100.00 27.77 - 4.14 8.4a 100.00 

It tmuli «Bfaar fro« tK« eat« obtain«! that 4ry frinain* ani »craa«!»* of tha 

calcinai ora fail to fi va hlfji fiali V   ooiwawtrata. 

Mm 
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nctìii 'Uff 

>n  th«1 b«B!!j   >f »M   the r^sii't« -if cméa-or* calcinati m t«»at# rftp>rt«i 

iJriin aizp of    rude  »re, •4»7t< «•» 

T'Hi'i.«ratur»'   >f <" tic i nati on, 90nl 0 

Duriti m   )f •;:•»! "in-iti >n,   1  h 

Duriti >n   )f  TU<*nchimr-h:faratl<>n,   \Q min 

*l*alan<» with water,  unti i  aiime-fr»"' 

Th* encéntrate under the««* roMlttloM obtain«« is of fvaaoftakljr M ft* frai«l 

J2.^' r.,>\  l*•i valent to 71.775* m) at 94.W' ^?0^ rmomrf, 

m 
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II!.     '»ilHCOIICWniAT* Càl/CIMATION 3TUDIR3 

Atteapts »or»- «ade to obtain higher quality concentrates by usinf wet or 

dry screening befor* calcination.      The resulta of these teats are reported  in 

this chanter. 

iffrct 9f «rintry Ht ti IM uri w\ lyrfiùM 

it     W A  fi» 'F  the resulta ff th" primary washing and w*»t screening 

teste (t.%blee 10 and   11)   that  *. considerable increase in P?0    content 

obtained  in the designed product«.      The increase varied fro« ? to 'S percentage 

points on different aise  fraction »asples.      Such  results five the possibility 

of ooabining both priaary washing and screening the crude ore followed by 

calcination and secondary Mashing. 

A series of calcination tests with various preconcert rat ed ores was 

conducted as follow« 1 

(a) In test No.  1,   a rap rasentati ve saapls of the -19HM crushed ore 
washed and wet screened on a 4.7'HBJI aieve and the -4.7S-«st fraction was 
calcined 1 

(b) In test No.  2,   a représentative asjaple of the -19-an crushed ore was 
washed and wet screened on a 4.75-HWJ sieve and the undersise was desìi «ed to 
0.060 su.     The sise fraction -4.75 • O.O6O «ai was calcined; 

(c) In test No.  3,  a representative saaple of -4.71)-«« crushed ore was 
washed and wet screened on a 2.5-sa» sieve.    The fraction -2.5 as* was calcined; 

I« test No. 4f a representative sanale of -4.75 •• crushed ore was washed 

and wet soreened on a 2.5-s» sieve and the undersise was des lined to O.O6O •m. 

The fraction -2.5 • O.O6O an ma calcinai. 

The calcination paraaeters were fixed as follows! 

Tsaperature of calcination, 900°C 

Duration of calcination,  1 h 

Natation of «ntsfichingr-hydretion,  Ì0 Bin 

Ssooaaary washing, until sliae-free 

Ths rat« Its ars shown in tab Is 20. 
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4 , il . ilT^E 10.25 :-".V 6%oy      24.0s- 0.69 - Q.9 

i woo iL.?1 •i.?.06        i.7ó 7.71 - 100.0 

Effect of dry »cre«iM._fo Hawed by calcination and washin* 

k sériée   >f calcination   tests were conducted  at   varied preconcentrate   >ro 

as fo I IOWB: 

(a) In test No. 1, a representative sample of the -19.0-mm crushed ore 
was dryVreoned  on a 4.75-«" sieve and the -4.7o-mm fraction was calcined; 

(b) In test No.  2,  a representative sample of the -19.0-nm crushed ore 
was dry ^-rc-nod .m JL 4.7^-mo sieve and the -4. /V<am  fuwti-u »^ J"y aortt-ned 
-n a o,o6o-«r- ai »"«».      Th* -4.7C> • 0.060--WR fraction was ra^inM; 

(0)      Tn t-st Ho.   ì,  a representative sample of the ore crushed to 4.75 "•" 
was dry screened on a ?.5 * sieve.      The -2.5-«" fraction was calcined; 

(d) In test No. 4, a representative sample of —4.75—«""» crushed ore was 
dry screened on a 2.5-nm sieve and the -2.5-«» fraction was dry screened on a 
0.060-mm sieve.      The -2.5 + 0.060-mm fraction was  calcined. 

The calcination parameters were fixed as in the preceding series of teat«. 

The results are shown in table 21. 
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On  the basis of the data in  tables  2^  and  21   it can be s^att-d  tí i1  urinary 

washing and wot  screening f il1 owed by ca'"- nati in and secondary within;' »i ves 

oetter results  than dry ncroening followed oy calcination and w%rMi£. 

The best  results  wer? shjwn by teat No.   ? in table 20 ( an inerba*" of t^ ~'0<\^ 

content   >f the concentrate to   }4.15/'  equivalent  to 74.61$ BPL at 9^.6'.*' ~'o®c. 

recovery)  and  test No.   4 in tibie 20 (increase of the P?0,. content  of the 

concentrate to   34.46,"' equivalen',  to 75.29.' 3PI   at 99.10$ P-CL   re<rvery). 

However,   these  recoveries should be corrected because the actual   recoveries of 

the preconc entrât en fed  to the calcination tests were 72.6$ and  J7.')1" reopoctively 

¡see ta^e  10,   test No,   2,  and  table  11,   teat No.  2).       After reca elation,   the 

final  recoveries  are found to be 71.5$ »nd 77.2$,  respectively. 
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,    .,.. h.i8.r.  of th<>   invrsli^li  na mad-   m  the Saat.irn-A oh>sphat-   >r- 

,vl;,r,.t^   r  r study,   th.    f -      -w,r..T   • .r,-lu!v >ns  h-v/.«  o. m   r,. ^d : 

iir.t'-rn-H  ,*.:•• m*-     r-    ir   S   1-w grado,   as   it   -• mt-tin»   m y  ?4.V. 

,,,..   valent   t-  M..".'   ""U.      It   ir mainly  ^n,:-. .ood    .f •• iHon.-»<-,,P ^^ 

'.iV,h-   t.,   and   th«< gari.~u- mirera, s .ir- mainly  carbonate and,   1 >  -i   \,WT J^ 

• xt'Tit,   :•• ' i catea. ^^L 

,>.        Th.' crushability ami   dry-r.creen   analyse   show   that  the   »r-  io |^ 

r,d,ri,p;,v han!.       Tn thr.  crushing stons  t> c varser n.z.B,   f.reed  feedin*  .0 . 

-ac;t-..   without much ham, and  with production  of a reasonable amount  of   finos. JH 

;,nor -ntrol  ->f the conditio   nonces more eBBontial   in th* stages  of   secondary      ^^ 

•.ruHinniî.       In the diff-rent si xe fractions,   the nhosnhorite frenfuenoi ea  and M 

the cartonate contents are   inversely related.       By the simple treatment   of ^ 

-rushing .and dry screening,   satisfactory upgrading at   reasonable recovery could 

,,t  be  VDtained;    the best  results were ?9.3?¿ P^ at  57.11?' ^S reooveiy. 

Ì.       The chlorine content  of the ore can be  reduced to n.02* CI,   which is 

substantially lower than  the  industrially acceptable value,  «imply by washing 

for h minutée with water from  th- neighbouring we11- of  n   ,ì,H -• ,   -V   -warn'. 

->r. i K1   "HASi rah. 

4. Washing, wet  screening and desliming fail  t-  give any pronounced 

enrichment of phosphate content at reasonable recovery,   the highest grade 

obtained having 29.16* P^ at 63.7$ ^ recovery. 

5. Under optimum conditions, direct calcination of the crushed ore to 

4.75 mm followed by quenching-hydration and washing produces a reasonably high-grade , 

grade concentrate having 32.85* P-ft (equivalent to 71.7755 BPL)  at 94.5<* P^             WÊ 

recovery. 
6. Calcination of the crushed ore to 4.75 mm followed by dry grinding, 

scrubbing and separation yielded a concentrate having 30.1$ "^ at 90. 45^ P^ 

recovery,  a poorer result  than that obtained by the wet process. 

7. The combination of primary washing and wet screening of the -19-mm 

crushed ore,  followed   by calcination,  quenching-hydration and secondary wasning 

resulted in an end-product concentrate having 34.15$ P^ (equivalent  to 

J 
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M.'-1.'  ¡i•'! )  at  71.'-,' " O 
o  S roc 1 very. 

0.       The cabinati on   >f primary washing and wot. ncreoning of the -4.''—mm 

•rushed   >r",   fiPowed   by calci nit. i on,   iu*>nching-hydrat nn  md  secondary washing, 

m.-  found ti  be  the bent  mite for upgrading this typo   if  -re  to high qua'ity 

and  r-<ar;>mblo   r-"  '"T.y.      Thin cabined no hod yi old»-d an  »»nd-rnduct  'oor.trate 

caving   M.4'V     ,/ti  '•«yj'vaiunt   to   i^.^','  t'  ')   it,   '/.?/'   .-^   recovery. 

V TO i'/f»r,     thor   • mit on« ritu,   üueti on  fri lice,   alumina,  irajnetUa,   ' r*1" an(i chlorine, 

wo •:••• content.'   r-ffo-i   tho »rod^   jf  the  phonphate,  -ir.- prient   in anal'.rr amounts 

"i   tlnn  combined  nei k'od   Hon   in   the   other "ìet.hodfi. 

9. A '-'marison het.woen the chomioa! analyses if tho tochno'oçiea ' h-jad 

oomplo and tta" ond-products ohta<ned by direct cavinoti in and hy the combined 

moth^d  is nrosontod  in  table ?2. 

Table 22.    Comparison of the chemical  ana'yses of the head 
Baronie and concentrates nade by different méthode 

(wt , ) 

tuent 
Head 
Dimple 

u>id-produet concentrate 

Conati 
Dirent   calcination 

of 
-4.75-"** 

-19-mm 
crushed 

-4.75-mm 
crushed 

crushed ore ore ore 

BT1'. 

¿4.41 32.3s 34.15 34.46 

53.21 71.77 74.61 75.29 

CI 0.12 0.04 0.01 0.01 

A1?°j 
O.56 0.J5 0.25 O.25 

Fe2°i 
KgO 

0.23 0.21 0.13 0.14 

1.68 0.91 0.63 0.54 

CaO 48.41 49.85 49.92 5O.58 

Si02 7.76 9.92 9.06 9.04 

P 2.65 2.64 2.69 2.55 

co2 9.64 1.78 1.31 1.22 

Into 1ubi e residue 7.87 8.79 8.73 8.52 

LOBS Dn iffiition 12.86 2.01 1.74 1.4*. 



, ,n the h„i.   ,f the   .,ncluHinnB,  thm« r >w char»*,   fibres  XI,   XIÎ 

,n, XU!,  TO ro,•«nd-d  for  the concentration   * the  Eastrrr-* • h -hate or,, 

d.Tondi-: uno«   tho rehired   -ride   >f .-.omentrate. 

o        Any ^ ,f thn  thr,n  fi,w nhart« cuM bo  anrhod  nlo-   t«   the steril" 

..Wr-h't-. of ifhnnifiBn plant which ha, more or  <«.  th* came -Ubicai  analysis 

,.   tho hoad .amnio  ,f  tho Kant,rn-A nhonnhato   ,m.       Tho annual   induction of 

.\,  ,t-riio phosphate  fm. tho Khnoifiss niant   is about   100,000 •,,„„ of ore 

with  an avéra- ^ contont  of 21.^      At „resent,   there aro about   1,0,000 

t,ns of this sterile ore stored near the Khneifiss plant. 

*        Tho amount of water required for washing and wet beneficiati• 

„„cal- could bo provided by the water fron, the already known well, situated 

in the area surrounding the nhosphate deposits.      However,  underground water 

surveys should be continued,   as it is important to have lar*- water resource«. 

if much wet beneficiation of phosphate ore IF to be dene. 

4       It would be advisable to carry out pilot-scale te*tn of the recommended 

n-m charts •    re.   if any pro.i««- »i*t nr-:- in - .- ^in* the« „„ an indugiai 

reale and also to estimate the cost of the ore-dressing plant and other econoaic 

factors of the project more precisely. 

•M 
m 
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