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INTRODUCTION

Project background

Phosphate deposits in the usyrian Arab Republic

Tho main zone of phosphate rck oceurence in the Syrian Arab Republic
is the Ghadir-el-ifame! area, with five known deposits (sce map).
Situated in the central part .f the country, near the town of Palmyra (Tadmor),
it covers an area of anpproximately 550 km?, roughly included in a rectangle

2f 30 x 29 km and ~xtending 45 to 70 km south-west of Palmyra.
The i~ known phosphate rock deprsits are known by the following names:
Khneifise
Tastern
Lebtar

Centra’

Hame?

Two 3% thom, *he Khneifiss and Eastern deposits, have been the objects
of three mining projects {one mining project for Khneifiss and two for
Eastern), and are 1ilready in production or development, From all available
information, the choice of these two deposits for mining development was the
best in cvery 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 ‘the Ghadir-el-Hamel phosphorite—bearing
area in the centa! part of the Syrian Arab Republic and is located about
70 km south-west of Palmyra (Tadmor), Tt is stratigraphically located at the
upper part o the Campanian stage, of a limestone series of Upper~Cretaceous
age, overlain by Quaternary deposits. It is composed of two commercial beds
2f grained phosphorites, Phosphate rocks are either hard or soft (friable),
with some of interediate hardness. The friable phosphate is predominant and

provides the best quality ore, The fcllowing figures are estimates of the
relative amounts of hard, medium and soft phosphate rockst




Helative Average 200 cantent

Iype amount (}") ()

Hard 28 LR
Medium 2 Tl
._;’)ft 4() 310{)

The estimited reserves are groured int> "balance" and "non-balanc~" categories,
The Yatter hais a P2Oq content 1-uer than 285 or an sverburden more than 20-m
thicke. The ba?anCC.TGSOPV“, with an average thickness >f 7.3 m for the tw»
rhosprhate beds and 28,6, ??05 warage content, is in excess of 15,5 million
tons, Thege resarves can be taen by opencast mining methnds,

astom depnseit

The Tastern deposit is part >f the Ghadir-cl-Hamel phosnhorite bearing
area, n the central part »f Syria, and it is located about 50 km south-
sruthwest of Paimyra. It is stratisraphically lncated at the uprer part of
the Camranian stage of a limestone scries of Upper-Cretaceours age, overlain by
Quaternary deposits.  The Hastern deposit was first investigated in 1961/62
oy 2 party of Snviet geologicts as part of the werk entrusted t» Technoexport
(Ms2-w) on the whole area. (n th~ Eastern deposit, as in Khneifiss area,

nrhosrhsrites can be clasgified acco)rding to their hardness into three typess

Nelative Average P?Os content
Type anant () %)
Hard Variable 22
Medium-hard Variable 27
Friable (sand) Variable 29

In fact, the seccond and third tynes are more or lees 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 be

lonsened 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 firms. For the first one, called Fastern-
A-Biprokop (Design Office of Chemical Raw Material, Poland), estimated
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regerves ars 5.0 mil'ioon tons at an averag. grade of 24.4% P20 For the

50

second, i ed Bastem-3-Ninroruda (Research and Design Institute for Mining

and Assesaoing °f JOres and Minera's, Bulgaria), they are 18.6 million tons at

1verare arade of 4,70 0 These reserves can be taken by opencast mining
methds,
Ty 10 ctudies

itere rave oeen six nrevious reports on this subject: on Syrian phosphate
rors (164, the “hneifiss phosphate deposit (1967), the sastern phosphate
dv~~sit (1962}, the Basterm<B phosphate deporit (1968) and on both the Khneifiss
and thc ~astern n~hosphate denosits (‘l972).1 These reports were done in
s~v-ori. sters and develoned differently over time, which makes it difficult to

dicsyver the final solution selected.

More recently, further detailed studies to estimate the reserves of the
matrern=" r~nognpate dennsit have heen made by the General Company for Phosphate
and Mines (SAR) in connection with the government Geological Research and

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

Development of ohosphate denosits

As mentioned above, the Khneifiss deposit is in an advanced stage of
mining and benecficiation, However, exploitation of the Eastern deposit is
sti'! in an embryonic stage, The basis for establishment of mining,

benci'i *iution and calcining methods need to be identified.

Obiectives of the project

In view of the situation descrited above, the Government of the
Syriarn Arab Rerublic requested technical assistance in the form of a project
with the following objectives:

(a) Determine the most suitable conditions for calcination of phosphate
rock from the ecastern depnsit of the Palmyra Desert;

(b)  Determine the suitability of the calcined rock for use in the
production of nhosphoric acid, superphosphates and nitrophosphate fertilizers;

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

17 Gee bibliography.
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Official arrangements

The Project Document was signed on 8 January 1973, with UNIDO designated
as cxecuting agency for the UNDP.,  The Ceneral Company for Phosphate and Mines
agreed to provide laboratory facilities and personnel for the necessary tests

and chemical! analyses,

The Project budget, for the omployment of a calcination expert for 12
months, was 3US 0,000,

Work on the project did not begin until 17 December 1973, when the exper.
was briefed at UNIDO and sent t> Damascus. (His duty station was changed to
Homs on 8 January 1974, which was morc convenient to the mines and laboratry

facilities.)

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 28 September 1974 by extending the expert's contract 2 months and
increasing the budget by $US 5,000,

Other changes in the time schedule and the programme of work were
necessary; for example, 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 Oeneral 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 pProject was 12 February 1975.
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I, HFAD-SAMPLE GTUDIES

A. Dreparation of a technological sample from the kastern-A

phosphate deposit

A technological sample was col'ected from 10 bore-holes chosen from the
network Oof bore-hyles made recently by the Department of Geological Research
to estimate the reserves of the Easterm-A phosphate deposit. The distance
between the bare-holes was 250 m, The average thickness of the overburder
which had t> be removed before reaching the phosphate rck deposit was 2.9 m,
The samples were collected by a stripping method along the whole thickness of
the phosphate beds (hard, medium and soft phosphate rocks). The average danth

2f the bore-holes was about 10,

The technological sample, weighing about 1 ton was of crushed ore 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 t» 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 »f the sample troatment

pr-tedure,

B. Mineralogical study

The specimens were mainly composed of friable phosphorites,

2588888588080

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 nr have
calcite cores or inclusions, In addition, the phosphate mineraloid has in

its structure an additional small fraction of carbonate ~eithex- as a part ot

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 nample of Eastern-A phosphate rock reserved tor
mineralogical studies, the phosphorites present were mainly carbonaceous.
3ilicevus and mixed-matrix phosphorites were also present but minor,

The typical rock was a light brownish—-grey in colour. The matrix was primarily
calcite, the major cementing material, and a little quarte sand,




Samp lec a8 received

Specimens for mineralogical studies
L

}

1 Cut reserve (as received)

Shovel mix and cut

o

L

¢+ = particles> 19.0 mm

Chemical analysis Beneficiation tests
SIS SR R

Pigwre I. Sample trestamt preceure




Chaicedony, ~lay and iimnits were rare, The approximate compisition ff the

phrarhorite 18 as fo1! wat

. : ’
component Propoption (v lame )

Phogphate minera’ nid Hlebh
cite §0e 35

vy C_11
Siltioeas mnera.s -1

Ce

The rorresentative sample, ~rushed to 19,0 mm wnd weighing about 2 ke,
‘gee figure [ for the sample ¢reatment nrocedure) wis ground and rowdered ¢~
racg a 20 '=mosr sreen, [t was then quarterasd to 100 g and subieted to

chemica: wna.yms, the resu.ts f which are shown in table 1,

Tabla 1, cChemical composition of th- techmologioal msampia

“mportion
A

Sonstituent (“ )

24. 41

Te 76

8.4

1,68

0, 2)

0456

4 2,65

¢ 0,12

00, 9.64

%0, .08
Inscludle residue .0

e & i@aition 12.08
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. . . ! .
The sre is scen v ove Of low grade, a8 it only - ntains 24,41, V), wn ki

\
2
cquivalent th * 3,71 5ine phosphate Hf lime (1), (Ia5 (P()4),).

e
‘n agrec~ment with ‘1o mineral)gical investigation, the gangue mineri's wore
found t> be main'y 'nrh,r;atos(essontially rale 1ol and tH a lesser oxe ot

detrital quart-,

de o crushabiiity ard dryescrecn aniiyses

The ~omponents 5f trhe r ar. marked ly different in nardnesas,
“he crushine of 5000 e g rather criticn and must be contrilled tv 1/-i4d
vernepadusti on f £ones, The atudy Hf *te crusning characteristics [ the

nead samp e Wit v L great dea of o N
rim C hin

A labsrat ry aw crusher was used in 1 ol)sed c“ircuit for the primary
‘rushing >f the techn:!scica’ sammle to pi8ss 2 14,0-mm aieve (see figure 1),
A representative suple f thre crushed materia! (abwut 2 kg) was ~olle:tad for
soreen analysis by coning and muartering, A set ,1' 11 sieves rangins from
1.0 mm to 0,075 mn was used, Bach nize fracticn was weighed and ana'ysed
chemically for ’?O[\. insnluble residuc and o988 on ignition. The resu ts are
shown in table 2 and represented graphically in figures II, IIT and IV,
“rom the resu‘ts shown 'n the table, it can be said that acreening 19-mm

‘rushed sre selectively concentrates phhsnhorite,

The carbonate content (indicated by the loss on ignttiom)
wnd the phosph rite frequency ( represented by the ",,O5 content) shov an inverse
relation to one an>ther:t the fractions with highest phoaphat. content re in

the range -0,7" + 0,120 mm, and the freactions with lows®t ocarbonate cor:ent
ire in the same range,

It was possibie to clameify the size fractions into three grede categories
A8 showm im table },




Table 7, Grain-size distribution and chemical analysis of ore after

primary crushing (19,0 mm)

Chemical analysis %

Size f‘mct.ior.-‘y roportion ('t%)

) o(fw:g;a] loss on Insoluble
\ "~

ignition residue

19.00 + 9.50 17.48 21.24 16,79 9.12
9.50 + 475 9.95 16,73 22,31 6.81
4.7 + 2.50 2,50 15.89 21,06 11,26
2.50 + 1.50 2.27 18,61 19,08 10,66
1.50 + 0.75 8.70 24.23 13.44 9.02

0.75 + 0.385 12,36 29.0% 8.60 8.63

0.385 + 0.200 29.70 30.52 7.14 8.11

0.20C + 0.120 3,37 29.26 8.90 3.4}
- 0.12 + 0.07% 10.81 25. 01 13.95 3.87
- 0.075 2.86 18.35 1.9 5.49

Total 100,00
Head sample (calculated) 24.68 13,48 7.54

"+ refers to particles larger than, "-" to particles smaller than
or equal to, the sise indicated,

Table 3. Classification of sise fractions
after primary crushing ( 19.0 mm)

Chemical analysis

Propurtion PO
Grade Sise fraction ofp:otal (wf) 2’

cateery () (wth)

Recovery
PO Loss on Insoluble (‘)

275 ignition residue

First poor
fraction

Rich
froction -0.75 + 0.075 56,24 29.12 8.88 66.4

‘19.m * 0075 wogo 19.1‘ 190” 8.10 "05

Seco'd poor -0,075 2.86 18.35 2.9 2.1
f”cti“ ———— a————
Tc tal 100,00 100.0
Head sample, (caloulated) 24.7) 13.48




Cumulative proportion of total (wt %)

-19 -

100»

1190 435 4476415 +15 + 075400400100 10075

Lower sise limit of frection (mm)

Pigure II. Oreim-sise distribution
mmmu.munuvmu




Size fraction (Mm)
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soreening after primary orwshing (19.0 mm)
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or primary orushing (19.0 sm)
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From these results, i1t is clear that by primary crushing the ore t> 19,0 mm
and dry arreening, a concentrate (the rich fraction) permitting recovery of

66,4 f the D O, sould be sbtained,

2

secondiry crushing

First test

Moo vortion of the primary crushed ore (17,0 mm) was screened with a
Fob=mm s51ove, the Nversize was subjected to further steps nf crushing and
sereening tHh pass the 9.%-mm sicve, and the final products were mixed and
homaren zod, A laboratory jaw crusher was usod in a clrsed ~ircuit,

A representative sample was collectad for screen analysis by conine and
Jaartering, 1 80t of sieoveas ranging from 1,0 mm o tn e /h mm Wi e,
AR ©otraction was weilghed and analysed chemically for P, ing>luhle
residus and "ass on ignition. The results are tabulated in table 4 and

represanted graphically in figures V, VI and VII,

fab.~ 3 Grain-size distribution and chemical analysis
>t ore at'ter secondary crushing 9.,% mm)

B ' 3/ Proportion ':helaic?‘lnﬂu lysis
3ize fracmm >f tota!
(mm) (wth) P?O5 loss on Ins>luble
ignitio esidue
&ni n residu
- IR 4-75 13-89 17-70 20-79 7-1?
- A7+ 2,50 4.70C 17.30 20,02 9455
- Ju + 1,50 3. 20 18,95 19. 11 9.14
- 1+ 0,75 9.73 24433 13.67 2.7}
- D7+ 0,385 13.38 28,62 8.79 8.88
- 0- 53‘\ + O. ?OO 31020 SO-S% 7. 41 8.26
- 0,200 + 0,120 3.44 29.64 8.8} 6.66
- D170 &+ 0,075 13.94 24,23} 15432 4.05
- 0.,07% 1452 17.55 22,05 5.60
TR
T\)ta" 100'00
Head sample (calculated) 25,06 13.04 753

& See foot-note to table 2,
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T+ oqr »e geen that the nighest ohoobhate comtent o withiln ke fractinn -
DT 1 2,120 pm, which s shhwe the Thwent carneaate oontort,
Loarticte<cize ~tagaification o the ope thar treated wrrd make it

cames oty bhtain the spe spades 3k owe in table ',

Table %, Clagsifi~=ti n ~f size froctimne
after grcondary ~rushing (9.5 mm)

Chemica' analy - s

, . . ‘parapty o (wt *) .
T Svze feantion . o RER
e 7 prr ) Wt " oy
1romry .mm ) .i wt / p')ol [vees sp Ines'unie o ’ ') b
- imitinn rocidue ¢
Firat -
fra~* v = 9,0 4 0,75 16452 19,55 18,40 B4 22,15
Hicn
fra~ts o - 0,15 + 0,120 AR, 0P 29637 Te27 T 06 57,1
Gewrord oo p
frpey v iy - D720 15445 2. A7 The M Aot Y4.44
Tt 100,00 100 0N
lirad sarmle {ealculated) 2506 13,04 TeR2

These recults show that by sacondary crushing the ~re t) 9. mm and dry
«peenirs, a2 concentrate (the rich fraction) nemitting recovery of

57,11 f the "205 could be obtained,

Second test

Ar~ther portion of the primary ~rushed ore was screened with a 4,75-mm
sieve, the oversize was subjected to» further steps of crushing and scraening
t» pass the 4,75 mm sieve, and the final products were mixed and homogenized,
Again, a laboratory jaw crusher was used in a closed circuit. A renresentative
sample was collected for screen analysis by coning and quartering. A nest of
9 sievee ranging from 4.75 mm to 0,075 mm was used, Each size fraction waa

weighed and chemically analysed for P20 loss of ignition and insoluble

5'
residue. The results are tabulated in table 6 and graphically represented

in figures VIII, IX and X.
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in t‘b‘ﬁ 7.

‘srhate “mtont 13 within the fraction - 0,75 + 0,12) mm, whi-b

yntent,

~lassify the size fraction here also, int) three grade

Table 7, Ciassification f size freasti ns

after secondary crushing (4.75 mm)

Chemica amaliywis

33 Dy - ; ’

Grade . Size rportion (wsl) Y’QO5
Cat r Traction f !Ot‘l. "
wategory {mm) {wt ) T loss 5n Ins)lubie oc?x;ry

ignition residue ‘

Firat roor = 4475 + 0,75 27,30 18,0 19,1 9,8 20,7
fractim

Rlch - 0075 * \).1? 49.6)2 ?5.‘ 8.6 8.3 53'5
fraction

Second p or = 0,120 22,68 22,2 17.3 4.0 284
T-ta® HOANS| 100,0
Head samr ¢ (caiculated) 24,19 13,45 1.8%
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rw o the pega ‘e, 1t 1@ - ear that by arcondary crushing the po t 4,70 o

i APy acroon g, a o oacentrate (the moh fract m) permitting re svery

« f the 1, ou d oe -btained,
_noLMEL nE

* mearvaon o f a the rroding resu'te »f primary and aecondary
ragrong o the or- showe that the ore used 1n this work was moderateiy hard,
In tv ¢« “rushing siagee +  the “arger sizes forced fonding was posgib o

with ut mu-h ham and with productin °f A reasonable amount o finen,

“ mer ontrr!l f the conditions becomes assential 1n the stages ~f sec ndary
rushing. The ganera  behaviour of the distriution 2T nhosphorites,
carbonates and 81108 ~ontants f the "re in prisary crushing 18 mre °r  ~88
the sasee as 1n secondary crushing. It can be concluded that sati1sfact ry
upgrading »f the 're t: a reasonable recovery rate is not poseibie by the

simr 1o treatment of crushing and selective screening.

F. seshing, wal scresning wd desLining
faahing tasis

Piret test series

A series of six tests was sade to investigate the effect of washing on
the ohlorine content of the ore. The tests were conducted VW wizing 100-g
lote of creshed ore (4.75 mm) with 100 e8> of Noms water for periods of 5, 10,
15, 20, 25 and Y0 min., The washed products were filtered, dried and
chemiocally amalysed. The resulis are given in table 8.

Table 8. Bffect of washing with Homs water om
She chemical analysis of secondary crushed ove (4,75 m)

Test o, hnno? ) Uot‘(t ) ong ci loss on Insoluble
of washing (min) residue (g ignition resi
() ) WY TS

9.5 25.00 0,00} 13.900 7.67
9.4 2.5} 0,000 2.9 8.07
9. 25.2) o0,08) 12,9 1.87
.8 24.04 0,000 130 8.08

”.8 5.% 0,000 1.9 TeTY
”.7 24.04 O.00) 12,0 8.1 _
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Serieg P 1 teats wos copductd o anvectimate the offect of washineg on

thoe b o A SRS A AL AV RS AR § SRR B ot an

e e e P T SR A . R D Tre 1 ~te w re carried >ut hy

- xnr e + tocrgare 4 ore (AT ) weth 10 - f witer from the

2 dypd b, ¥ wandt and 0 fas ek and Crom Homa 1 e nerivde of 5,15 and
", roowasked e duets wer 0 torad, dAried it ana veed chemi cally,

. el s ar ar oW an tahte by

Tab e g et o f waghine wr th drfferent watere o the
Cfomcal wa.ysie f secondarv crushed .re (4,7) min)

Durit. r R BERY: T Y & fnesluble

AT fwi o Tent f f R ' !m‘Q\‘ﬂ n P@C“’\If‘

T 'ulm‘:ng rn'm(‘iu' et Wi “wt ) {wt )

mir sy

! ! ‘\" “-4, ‘.~\‘ ! ’ }o.“‘ ’ofr‘l

moodardar 2 b 974 Fh T gDtk 12,14 SYRCR]
4 i 17 74, 4 ‘o T4 ™ ,o-{“

4 ¢ 21eh RIS TR A BETRAE 447

L L 'wanah ¢ Ve 974 AN ) Yot idf 12,74 %o’”
b §o QT A 5. 4R VO 12,98 3,04

7 5 )et P30 Qe K0 13,20 Tett

E d4a3 pah o) s 977 *he 6 20§ 1263 Tal®
9 30 975 744 0,028 T4e M Te19

10 g IR LT N e )23 13,000 7467

i me 11 1%, 93,1 25,20 1,023 12,92 7,87

12 )0 ()707 2‘-%‘ ’\.:)2} ‘3-97 RO"

Con-lusions

A comrarison of the preceding results shows that washing for 5 minutes is
muite sufficient to reduce the chiorine content to values 'apgely lower than
the acceptatie vaiue in the industries using any of the four kinda > water
mentioned ab ve, However, B! Bardah water seams t) be the most effective water

t: uze for th:'a purpuse,




ronosey et o wed t 8C (LAY

oortady b fEecr O f washing and wet screening on the upgrading f th.
o tW ser ot by wopr Pun, In the first series, reprasentative
. ceoaf e crimary crished ore (19,0 mm) were used and in the sacond,

ntdt e o f the gecondary crushed ore (4,75 ),

pven of teate on =19, '-em o rushed Hre

o P oty was o onducted t investigate the effent f winh . ne
oWt o o tee uperadineg Of the e,
v teet N g Yty crughed re o was wasted tor ' min and wet screensd g
. P . - vd Ed
Wo-mm sveve, A nlight urprading was (btainad: 27,067 7‘?05 at 1.4 A
nry.

Irr tort ¥, 2, the “rushed re was washed £r 5 min, wet screencc n 3
o =meooovve and thne andore e deslimed to D, 0w, A comcentrate - grain
<17 4 406" wm war  btainod having 2%, 47 3'2,)‘\ at 72,68 ";,ﬂ‘) rec vepy,

In tezt Noy 3, the  rached ore was 8le) withed fOr 5 min and wet o reaned

7

t 1,7 —mm osirve, but trc undersize was dez nmed 5 0,120 wm, The ' =rantrate

toerain Bige =4,70 ¢ .17 mp thus obtained had >, 115 "?0 at 66,64 f’2 .

)
re o very,

[n test No, 4, th: crushed )re was washed for 5 sin and wet screened >n a
o= B eve, The undersi17e was deslimed to 0,170 mm, A comcentrate of

Srurn size =2,5 ¢ 0,120 mm was collected with 29,1¢7% P;,()5 at 6).7% l’?O‘\ recovery,

in test No, 5, the “rushed Ore was washed for ') sinutes and wet screencd
Hos Ty y=-mm o mieve, The undersise was deslimed to 0,60 am. A ooncentrate f
griin sige =2,% + ), 060 mm was obtained having 28,.87¢ P,0, at 70,08 .0,

recyvery,

The resuits are tabulated in table 10, It in seam that by wohing, wet
screening vl desliming the -19,0-am crushed ore, o sodeovate impevenent in
the grade of the osre cam be obtained,

|
|
|
i;
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Tible 1O, Uffet f washing, wet screenineg and desliming
on the chemica. analysis of primary crushed ore (1).0 mm)

Crparts n Chemical analysis (wt”) P o

Fest irze fract:on W totad T Tope o Tni~uh’e 25
M. (men) sample (wty) ‘ 1gmition residu- Recovery

SRR R A 254 30 18,31 20,83 51 18,6

- AJlh+ 14,70 27,06 11,01 T0H 81,4

b 4 (caliulated) 100,00 24,84 13,48 7,02 10,0

- 1.0 + 407 2% 40 18,87 19,37 5,24 1941

- AJTI5+ 0,060 64, 30 28,32 9,87 8, 72% 72.6

- .060 10,30 20,41 19.51 95417 B3

_I_md( calculated) 100,00 24.99 13,25 T.16 100,0

E 13,0 + 4,75 24490 18,73 21,26 5.12 19.5

- 4,794 0,12 58,50 23,11 9.5} 8.66 66.6

T S 15,60 22,19 16.79 550 29

[Feed (calculated) 100,00 24,79 13.68 1.2} 100, 0

= "9.0 + 2.5 30. 30 18,49 20.24 9.45 22,5

- 2.5 + 0,12 H4,20 29.16 8.74 T.75% 63.7

4 |- N2 159450 22,24 16,90 5.81 2.8

Feed (calculated) 100,00 24.84 13,42 7.96 100.0

2 19.0 + 2.5 29.30 18,85 18,77 9.81 22.1

2.5 + 0,060 60, 40 28.87 9.10 8.12 70,0

s - 0.060 10,0 19,16 20,11 5. 20 L8

[Fend(calculated) 100,00 24,92 13.0% 8.3 100,90

deries of tests on -4.[3-sm crvshed ore
A series of six teats was conducied to investigate the effect of wmshing
and wet screeming on the upgrading of the -4.75-mm crushed ore,

In test Wo. 1, the crushed ore was washed for 5 min and wet screened on &
2,5-am sieve, A very slight upgreding was detected.

In test No, 2, the crushed ore, after washing for 5 min and wet screeming
n the 2,.5-um sieve, was deslimed to 0,060 mm, A comcentrate of gwain eise

g

1
i
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Tab e 14 4ffect >f washing, wet screening and desliming Hon
the chemica! ana'ysis of secondary crushod re (4.9 m)

) Chemical alysis
Pronortion L analyst

Toat Jize fra-tinn f thta? (wt ) ol

St () ?:’:mf\ Yol loss »n [nanluble ref:g\\mry
) ‘ imition regsidue ‘
-

SIS DR 15,8 145,69 22,62 6.92 10,2

1 - 20 84,2 2900 17415 .13 39,2

LF‘eod (caicu.ated) 1)idgt) 24, 4 L P 159 1000

- 475+ 2.5 16,2 19,92 21,89 7.7 10, «

2 - 2,5 & 0,060 €R.6 28,16 10,14 8.40 77,9

- 0,060 5.2 19. 34 13,50 6,18 _:_1_._:

| Feed (calculated) 1.%),0 24,y 13,44 T.9% 10040

. 475 & 15 20,2 14,00 NS 11,24 13,1

T PEE 9469 AR Jo? Ay

- 1etiu o 51y ™ 6,02 AN

| Feed (crlcuated) 100, 0 24461 11,43 8.56 10040

—- 4.75 + 1.9 2142 7.8 19,70 11.5)3 153

= 185 ¢ 0082 Hd.7 28,62 9.2} 9.29 63.5

4 - 0,12 2420 21,76 13401 4.5 222

| Faad (calcu.ated) 100, 0 24.67 11,44 8.60 10,9

. 4,75 + 1 23,7 17,80 20,91 10,29 17,0

- & Da12 52.9 29,1} 8.96 9.15 62.4

Y - 0412 Sdat 21,16 18,20 4.6% N ]

| Peed (calculated)  100,0 24,70 13.93 8.13% 1000

- 475 &1 23,0 17.70 21, %6 9.68 16,2

-1 + 0,060 62.17 9.4 9. 0 8.15 T3.4

6 - 0,060 Jdad 13,44  20.06 8.9 R |

| Peed (caloulated)  100.0 25,19 13,60 8.52 10040
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- e+ Y0 mm owan btained having 23,164 P?O“ at 711,97 D0, pecavery,

In test Wo. }, the ~rushed orc was washed fr " min and o rorned 1 2
1, -mm rreve, The undersize was deslimed to 0,060 mm, A concenteate o f gran

gire = o 4 0,060 mm was obtained having 28, Bﬁ P?O“ at 74,7 r*,ol‘ rec Tvery,

in test No, 4, the crushed Hre, after washing and wet screening Hn the
T hemm sreve, was desiimed to 0,170 mm, A comcentrate 5f pgrain size

cle 4 0?2 mm waB ol ' ected with y"‘.62’% "?0b at ‘)1.‘),‘ “2\):‘ Teravery,

n tert Nog 9, the crushad v was washed for " min and wet screened On a

‘~mm 810ve, Te concentrate, f grain sise -1 ¢ 0,12 mm, had 19,1}, “,,OL) at

o4 T recHvery,
[

In test No, €, the crushed . re, after washing and wet screening 'n the
‘emn sieve, was denlimod to 0,060 mm, A comcentrate of grain size

' 4+ %) um was colincted having 29.44 P?O at 71,48 P?Or) rRC VePY,

b
™ detai led results of this series are shown in table V1,

Conclusions

From the resulis of washing, vet screening e desliming of the crushed
yre (both 19,0 um ad 4.75 mm), it can be comcluded that setisfactory
upgreding at reasonable recovery is not poseible Wy this seans.

3
i
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IT, OHE~CALCINATION STUDTRS

The chemical and mineralngia ctudies of the Eastem-A technroiogica’
samr i~ showed ‘hat the gangue minera's are primarily calcite ( 5()—5‘3;7) with
sub rdinate a1'ica (4=10%) and on'y minor amounts of clay. The mayor
pencfiyation rroblems wil! be those f the separation »f the ph-srhate mincral

from calrite, 81 7ica 1n various fHrms and, possibly, c'av,

deneficiat: on processes that might be apprlicable t> this type of re
rneiude ~alecination 50 1owed by quenching-hydration, wet scrubbing, washing and
Adegliming. The calcite i8 converted to lime in the caicination, During the
s~ruboing osperation, the lime is s'aked (Cal + H204C&(\)H)2) and becomes very
fine (milky), thus simplifying the subsequent classification steps, The wet
“rocess may have the advantage »f not requiring a fine grind. In addition, it
18 conceivable that water in the system can attack the lime in places not .
readi y accessible to the action of dry grinding and thus effect a more complete
serarati-n :f the lime from the phosphate nodules and permmit virtually complete
eliminatiom of free lime, The result would be a higher grade phosphate
concentrate for acidulation, requiring lower acid conswmption in superphosnhate

nroduction,

Calcination was carried cut in crucible furnace using porcelain dishes of
2()0-e||3 capacity. The calcined sample was quenched with an equal amount of
water immediately after removal from the fumace, The quenched and hydrated
Jre was scrubbed in a 1-liter capacity glass beaker and washed by decantation
til! the washings were s=lime-free. The hydration and washing processes of the
calcined phosphate ore are very important for the efficiency of the whole

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

The primary objective of the calcination studies was the detemmination of
the time and temperature conditions that would give maximum loss on ignition,
A large number of calcination and washing tests were carried out to determine
these and the other optimm parameters with the highest efficiency. A list of
all parameters studied followst

Urain sise of the crude ore

Teaperaturs of calcination
Duration of ocaloination




Duratin of menching=hydratiom

yrureae of wash water

Temperature f wash wiater

Addition >f ammonium chloride and hydrochloric acid to wash water

Dry c~rindin=, scrubbing and separation conditions

nrrest of grain sice

Tyofppestioate the offect of grain size, ore crushed to different aizen

— by e T =S and =1,20 mr:) were calcined under the fallowing

. . :‘rw
Tomaopaturs of calcination, 900 0

Duraticn of ca.tinatiom, 1 h

Durat’ = % murnching=hydration 320 min
Jaunie s yitn et wat-r, untii washings were slime=frec

The resu:ts are snawn in table 12,

Tab.e 12, Uffect f pgrain size >n tho chemical analysis
f calcined >re

Chemical analysis

o Proportion 4
f“?d'°?° Pryduct ofptotal (et #) P205
grain size (wt %) P2OS i Tags »n TInsoluble
rmiti o regidun 5;§0V9ny
loncentrate 81, 30 32,07 0.74 1.97 9.3} 95.4
- 14,0 mm | Tailings 18,70 6.76 - 20.57 4,04 4,6
Feed 100.00 27-33 - 5044 8033 1(0.0
(calculated)
—Concentr‘ate ,8067 32070 0.04 1087 9025 9]03
- J¢5 mm Talllngs 21= !é 7-88 - 18.98 _5.92 6:2
Feed . e
(calculated) 100.00 2,.40 - )051 8.10 100.0
| FConcentrate 80,07 32,85 0,04 2,01 8.79 94.5
Feed
_( calculated) 100.00 27083 - 5052 7079 100.0
[Concentrate  74.5 31,63 0,07 1.88 10.68 90,0
- 2.5 mm Tail;pgz 2545 10,27 = 17.07 3.95 10,0
ee
| (calculated) 100.0 26,18 - 5.15 8.95 100.0
Moncentrate 72,7 31,73 0.03 1,62 10.39 89,0
~ 1,20 mm |Tailings 2743 10446 - 16.92 4,14 11.0

Feed (calculated) 100,0 25.91 - 5.79 8,68 100.0

B R
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It appears that calcination of ore crushed to 4.75 mm gives the best grade of

concentrate at high P205 recovery.

Effect of temperature of calcination

Theoretically, calcium carbonate (CaCOB) decomposges into Ca0 and 002 at
89R°¢, but the actual temperature required for calcination may vary somewhat
in accordance with the material being calcined and the properties desired in

the calcined nroduct,

A series of +»lsination experiments at 850", 900°, 950° and 1000°C was

perfrrmed, using the following conditior .2

Orain size »f the crude ore, =4.75 mm
Duration of caleination, 1 h
Duration »f quenching-hydration 30 min

Washing with hot water, until washings were slime-free
The results are shown in table 13,

Tahle 13, Effect of temperature of calcination on the chemical
analysis of calcined ore

Chemical analysis

Tempe;ature ; Pr?portion (wt %) P205
gmtion 0T QBT T T T e e

T Concentrate 86,11 28,26 0.04  6.94 8.64 90.85

850 Tailings 13.89 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 _19.93 7.70 - 19.62 3.84 5450

|[Feed (calculated) 100,00 27.83 - 5452 7.79 100.00

Concentrate 78.82 32.19 0,04 1.64 10.50 92,76

950 Tailings 21,18 9.3 - 18.11 3.58 T.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 ¢'ear that a temrerature of 90000 may be considered sufficient for the

desymnagition of the carbonates in this ore,

Effect of duratisn catocination

“he tine required for calcination is alsy a function of temperature and
grain size, Tay the rurpdse of this investigition, calcination tests of the
~rude are crushed t- 4,75 mm were carriced ~ut at 90000 for perinds in the
range 30 - 90 min, Thne results are in table 14,

Tab'le 14 Bffect °f duration of calcination on the chrmical
analysi1s f caicined o>re

Chemical analysis

2B EEBRBERE

falni- ‘ras.rtion ’ RV
natisn 5 oo of it (wt ) M?:r
timo ST a7 PO, bl loss on Insoluble RN
Sy 275 ey )
(min) ignition residue
[ oncentrate 47,596 10,23 0.3 4,43 Bed} 95459
30 Tailings 12,14 10,23 - 18,76 4.69 4,50
[Feed (calculated)100,00  27.80 - 6.16 7.97 100,00
[~ Concentrate 82,08 32,32 0,04 2.35 8.75 95412
45 Tailings 17.92 7.92 - 19.50 3486 4,88
Feed .
| (calculated) 100,00 27.89 - 5.42 7.87 100,00
Concentrate 80,07 32.85 0,04 2.01 8.79 94,50
Feed
L(calculated) 100,0C 27.83 - 5.52 7.79 100,00
[ Concentrate 77.84 32,81 0,03 1.85 9 11 92,84
Feed -
L(Calculated) 100.\)0 27.51 - 5.“ 7.98 'mom
[ Concentrate 76,83 32,19 0.03 1,90 10.37 91,02
, 90 Tailings 23,17 10.56 - 17.56 3.67 .98
; Feed
f Ucalculﬂted) 100.00 27.17 - 5.52 8081 1(”000




A gradual decroase in the ignition lbsus is obgervad a8 the calciration

time i3 increas«d from 30 min to 60 min. After that, the dacrease in " "33 is
asimificant, 2ination at 9WUTC for o) main gives the best grade
Coycentrate Dy LAt 4007 P205 reccverr),
Stect o f dupeac: vV quenciange-hydration

Thne yreme> n =ay4drition and washing f <n~ ~alcined ore are tw> =~ -no
ripsioat atamos o the technybgical 1w onart that finally detemis 0o
STy cienty 7 ot oo e rpeategs of enrichment oy 2alcination, The « . um
v qe Forred e b i ‘nation nmcess betuus o f removal of (“? mus*©
vy od, Ty nrrrox Ao 30 obtained forms 1 ciooension Sf slaked i,

roy oy oliminati - f the slaked lime ny - worf:! stirring followed -+ D
washine san :nc ag 4. the advantages ~ff rod ny the cal'cination proy o o,
‘n crder t3 ac~Hm sh the hydration, it '~ rocousary to determine th = imum

m: f ~Hntact Hf “he zilcined nre with witor. A series »f tests war —iie
> r that pur~-3+, 1wd the reagults are giv~e. 'n t1bie 15,

Table 1% ffert ot duration >f riea~rire-hydration on the
~hrmical analysis f 22.cined ore

Shemical analysis

urnthing ryoortion 'w‘t ) ‘ﬁ‘_‘
hydrat‘l.m crodhs L )/f' t)\:',?) 3\20: ok loss on Ing> uble v very
};?;1 Wt ) ignition residue o)
v
% Toncentrans 31.53 31,35 .04 3018 2,75 93,11
M Tailin~ 13041 10,238 - 16,70 31.59 5,39
| Feed (calcutated)100,00 27.45 - 5.67 1.79 10
Conecentrate 1,52 32,42 .04 1.87 8.4} 314,70
v Tai'in~—r 1‘~h58 1.49 - 17.99 3o 75 230
L}in»d { 221~2 2t2d)100,00 27.56 - 5400 7.5 ©71,00
Con:entrate 80,07 312,85 0,04 2.01 8.79 +ien0
30 Tatiinz 1993 7.70 - 19,62 3.94 2230
| Feed (~alzuiated)100,00 27.83 - 5.52 7.79 33000
[ Corocentrate 80. 34 33,18 0,03 1.35 9.04 14,40
40 Tailinz 1%,66 8.7 - 17.22 4.3 5,60
Feed (calrulated)100.00 28.2y - 4,46 8.08 133,00
—

[ Concentrate 78.57 32,02 0.04 1.64 9,56 1391
50 Tailings 21,43 7.78 - 13,98 4.4 5,09
Feed (calcuiated)100,00 27.28 - 5434 8.9 100,00

— _
Concentrate 76.87 32,88 0,03 1.50 10.47 1219
| Feed (calsuiated)100,00 28,03 - 4,67 9.02 170,00




The concentrate of the highest mua'ity, 33.18% P 0, at 94,47 P,0, recovery is

obtained with a quenching-hydration and wet scrubbing of 40 min;

is quite sufficient from the oconomi- point of view,

Effect of source of wash water

however,

30 min

In this investigation herited water from four different s>urcec was testrd:s

Homs and the three wells near the rhoasnhate denosits that were mentioned eariier,

The »tror naramet rs werc ©yxed

qrain size of crude e,
Ter~eopature of '

Duration of eialecination, 1

naior,

a~ o] lngns

-1 e

0
RV g

Durition of quenchine=hydration,

The resu'ts are in table 16,

Table16, Effect of using heated water from various sources for

W min

washing on the chemical analysis of calcined ore

Chemical analysis

source of Froportion 1’205
wator Product '){w:o(.tt;);l P205 C1 I..os!'stc‘m Tnao}:b]e recovery

,° 1gn1tion resiaue (%)

5 Rardah Concentrate  50.736 32.77 0.07 2. 39 8.76 94.6

Tailings 19.14 7,96 - 18.95 3.57 Y |

[Peed (calculated)100,00 28,01 - 5455 7.76 100,0

Bl 5>wanahl Concentrate 80,831 32,55 0,07 2.44 9,88 94,7

Tailings 19,19 7.68 - 18,81 3.78 543

(calculated)100,00 27.171 - 5¢57 8.70 100,0

Fl1 Bassirah| Concentrate 80.86 32.24 0,08 2.70 8.80 94.8

Tailings 19,14 791 = 18.59 3.70 1Y

(calculated)100,00 27.5%0 - 5¢73 7.81 100,0

Homs Concentrate 80.07 32,85 0,04 2,01 8.79 94.5

Tailings 19,93 7.70 - 19.62 3.84 95

Peed (calculated)100.00 27.83 - 5452 7.79 100,0

ar e e sEs s BEEEREEEEEEEEEEEE
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It is clear that all four kinds of wat:r arec suitable for washing the

caleined ore; the differences in the results are insignificant,

“ffect of temporiture of washing water

In ordrr ty detemine the influenne > wash-water temperature calcination
tests were carried ut under the same conditions as in the preceding experiment,

except the wash water was no>t heated, The resuits are tabulated in table 17,

Table 17, "ffect of nsing cold water frm various sources for
wishing o the chemical analysis >f calecined ore

Proport.ion Chemi- analysis o e
3ource of : of total “ 5
water r duct (wt ,{,) !‘9()5 0o Tosgs 'n Insoluble recovery
- i.mition residue ( )
71 Bardah Coneontrate R2,38 32,94 0,7 e B9 9.0} 94.41
| Trilings 17,62 8.9y - 13,59 3.97 5,
100,00 28,1 - L ) 8,12 1004 00
K1 3owanah  [foncentrate RS, 1 3142 0,08 3,29 9.3% 95437
[12ilines 14,69 8.8 - 1R, R9 4.04 _4.,63
100,00 28,10 = 5.57 8.59 109, 00
Rl Bassirah [Concentrate 23.94 31.81 0.08 2.56 8.77 95.52
_:Pailings 16'06 7-78 - 19.16 3.5R 4'48
’00.00 27'95 - 502’ 7-93 100000
Homs Concentrate 80.7‘3 32.60 0,06 2,23 9.47 94.91
;l'ailingl 19,25 7.37 - 19.43} 31.53 5:09
100.00 27-73 - 5-53 8.3’ 1()0.00

A comparison 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 does slightly increase the PZOS content of the concentrate,
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wefect of additions of amm num h '‘rmde and iﬂdrw‘h rc 3 4t the
wash witer

e qule of ammon-ur b oro i on the washine nrocess ar ty cwvert the
c1lcium and magnesium hydroxides to their goluble chlirides 5» that they ~an b
rasily removed. Addition f hydrochloric acid to the washing water increases
the g>iubility and the dispersion of calcium and mamesium hydroxides, i.e.,
the mle of hydrochloric acid would te not only to convert cilcium and magmes)um
hvdroxides to their soluble chl~rides, but also to increas the sHlubility

and dispersion of calcium and magnesium compounds.

A series of tests was made in which different amounts »f ammonium chloride
and hydrochloric acid were added t~ *he wash water andcr the 311 wine
conditionss

Crain size »f crude >re, -4,75 mm
Temnerature »f calcination, 900 ¢”
Duration of ca'cinition ' h

Duration of quenching-hydration 30 min

The results are shown in table 18,

Tahle 18.Effect of additions of WH,C] and HC1 to wash water
on the chemica! analysis Sf calcined ore

Addition Propor- Chemical analysis P 0
and Product 4,0n of 55 Cl Loss on Insoluble 25
amount total 25 ignition residue TUogyoY
(kg/ton of ore) (wt %) (%)
NH,Cl, ten  [Comcen-  82.90 32.52 0.07 2057 8.45 95.19
trate
Ll‘lilinga 17.10  7.98 - 19.12 3.78 8'81
100,00 28. 1 - 5¢39 7.64 100,
Ltute
Tailings _18,11 8,19 - 19.2% 3.62
MConcen-  100:00 28,15 - 5¢29 8.71 T&"g
HC1, two trate 82,717 31.95 0.07 3. N 9.32 95.00
100,00 27.81 - 5475 8.38 1?5"%
HC1, five Concen- 82,71 32,72 0.09 2,64 8.98 95.04
trate

-

100,00 28.47 - 5.45 7.98




ome ceydaced by caoanati o onoandor ptimam o coopdit o nr e o3 Frop thyn tho

e mierdt e o copnatitaents and oFb a4 be hroker g, crefoepar v by a
irsfu .y g oted erinding r s rubbing neration, Air ~lase: firaty n myy
ther b oqand t 0 pem v the faine ome fraction,

ooy methods o f aceHrmniishine this rr esr wer~ ~ney 4 rod, “te ne

1

W ted fopcqusr f 1t fexibe ity and comratini ity with abirat re-size
gamp . o8} invelved the uge Hf & 2=iiter pirce ain=ba’’ m ! with pa” =t = pe
vo gt ratio 0 f 'Y, Tw grinding times were triedg Y min and 4 min,

The rne Quctas wore gocreened HS>n a 0,075-mm sieve,
Ta ~inaty v was ~arrrad cut under these ~onditionsd

Orain gize >f crude ore, ~4,75 ™
Tomparature >f calcination, ’)ﬂo‘)(‘,

Duration >f calcination, 1 h

The regults are shown in table 19,

Table 19, Effect >f dry grinding and separetion on the
chemical analysie of calcined ore

Time of N Propourtion “hemical wnalysie n)')r\
31'.'.."“"’ et ?:tt;;“ P0% o i'.‘"r: ion ’:::;::;' "E‘;‘")”"
(min)
Concentrate A%, )R 29.9% 0,0% 3. 680 R.64 91.45
15 Tailinge 14,62 16,35 - 9.4 5e15 B.5%
100,00 21.96 - .M 3,12 100. 00
Concentrate 83,24 30, 18 0,05 3. 20 9.12 90.4%
30 1lings 16,76 15.87 - 8.86 “e 34 955
100,00 27,77 - 4.4 8.48 100, 00

It would appear from the data obtained that dry grinding and screemning »f the
calcined ore fail to give high quality oconcentrate.




M ¥

n the bag:u f 4i! the results of crudesore calcinatin tests reported
abve, the ptimum maramet re are a8 o0 wet

Jrain size of ‘rude re, ofy 7" mm
Temonpaturs Sf caicination, 90070
Muration Hf caicinativon, 1 h

Duration Hf quenching=hydration, 3O min

Aasling with water, unti i slime=free

The cncentrate under these comditions obtained is of peasonably high grede:
312,35 70, (equivalent t0 T1,77% BPL) et 94,50 P20, Pecovery,
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11, PRECONCHNTRATE CALCINATION STUDIES

Attempta were made to obtain higher quaiity concentrates by using wet or
dry screening hefore calecination, The results »f these tests are reported in

this chanter,

It wenooocod froe the reaults f the nrimary washing snd wet screeming
testn (tahlem 10 and 11) that 2 considerable increase in P205 content was
Ybtained in the des)imed products, The increase varied from ? tn % percentage
pointe on different size fraction samples, Such results give the possibility
of combining both primary washing and screeming the crude ore followed by

calcination and secondary washing.

A scries of calcination tests with various preconcentrated ores was
conducted as follown!
(a) In test Mo, 1, a representative sample of the -19-mm crushed ore was

washed and wet screened on a 4.79-mm sieve and the -4.75-mm fraction was
calcined;

(b) In test No. 2, a representative sample of the -19-mm crushed ore was
washed and wet screened on 2 4.75-4m sieve and the undersise was deslimed to
0.060 mm, The sise fraction -4.75 + 0,060 mm was calcined;

(¢) In test Wo., 3}, & representative sample of -4.75-mm crushed ore was
washed aid wet screened on a 2.5-mm sieve, The fraction -2.5 mm was calcined;

In teat o, 4, a representative sample of -4.75 mm crushed ore was washed
and wet soreened on a 2,5-mm sieve and the undersise was deslimed to 0,060 ™m,
The fraction -2,5 ¢+ 0,060 sm was calcined,

The calcination parameters were fixed as follows:

Temperature of calcination, 900°¢c

Duretion of calcination, ' h
Daretion of quenching-hydretion, 30 min
Secondary washing, until slime-free

T™he resulte are shom in table 20,




Vi s wiahoney Wt acre o mne ad
vnatt n ownd wanhine ap the chemioys
s £ orpocesged e

“horical analysis

Tagn on Tnatun'~
LIS roarcdue

2.79

3,14

2,29

4,51

N6 T.M

SRR , 3402

_M Fe ot 65,09 24,05 Je6Y

L 1,00 31 852,06 3,75 7,71

Effect of dry screeping followed by calcination and weshing

4 series »f calcination tests were conducted at varied preconcentrate »Hre
as follows?

{a) In test No. 1, a representative sample of the =19,0-mm crushed ore
was dry screened on a 4.75-mm sieve and the -4.75-mm fraction was calcined;

(b) In test No. 2, a representative sample o>f the -19,0-mm crushed ore
was dry cereened wn a4, [O-mm 8ieve and the =4./9=mm fraction was Jv)y sureened
oA N, 60-mr miava, The —4,75 ¢ 0,060-mm fraction was calcined;

(a) Tn test No, 3, a representative sample of the ore crushed to 4.75 mm
was dry screened on a 2.5 mm sieve, The -2,5~mm fraction was calcined;

(d) 1In test No. 4, a representative sample of -4,75-mm crushed ore was
dry screened on a 2.5-mm sieve and the -2,5-mm 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 tests,

The results are shown in table 21,
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On the bamsis »f the data in tables 27 and 2?1 it can be srated th:* ~rimary
washing and wet screenirg frllowed by ca'r'nation and secomdary wWiihirr gjves
vetter results than dry screening followed oy calcination and wasking,

The bert reaults were shown by test No. 2 in table 20 (an incrrar. of the 7 0
content Hf the conrentrate to 34.157 equivilent to 74.61% BPL at 98,67 ~,0
recovery) and test No. 4 in table 20 (increase of the P205 content of th;z
concentrate to 34,46 equivaien’ to 79.79° 3PL at 99.1% !"205 rec very).

Hiwever, thesc recoveries should be corrected because the actual recoveries of

5

tke nreconcentrates fad to the calcination teats were 72,68 and 77.9” regpectively
{gee tab'e 10, test No, 2, and table 11, test No. 2). After reca’'~u’ation, the

final recoveries are found to be 71.5% and 77.2‘,’%, respectively.




! T TON

w vpe bagre of the investigaii ne made >n the Bastorn-iA phosphate Hre

it ted Uor study, the 110 oWang e luscome Ry veen ronheds
T acstern=A phoor et 1w f 1w grade, as 1t omtains ony 2h.41,
, (o revitent B3, e Ttois main'y ~omoged of carbonace e :
y
croanhier b, nd the ganaae mircra.s are mainly cirbonates and, tH 1 lesser -
{

cxtont, o ticates,

e The crushability and dry-soreen analyses show that the are ig

rmodrrite:yv hard. In the crushing steng t9 CHarser Si2es, forced feeding io

+ ~sgit . without much harm and with nrmduction o>f a rcasonable amount of fines,
“tiger control of the conditins pecimes more casential in the stages of secondary
rushinge In the different size fractions, the phosphorite frequencies and

ihe marb-nate contenis are inversely related. Ry the simpie treatment of

‘rushing and dry screening, satisfactory upgrading at reasmable recovery could
.t bc ootained; the best results were ?9.82‘,6 3‘905 at _‘)'(.11," .“20r‘ recovery.

3. The chlorine content of the ore can be reduced to N.02% €1, which is
cubstantially lower than the industrially acceptable value, simnly by washing

for % minutes with water from the neighbouring we'~ »f ™ fardan, 10 T owanah
v} W1 Raersirah.

4, Washing, wet screening and desliming fail t~ give any pronounced
enrichment of phosphate content at reagonable recovery, the highest grade
obtained having 29.16% P205 at 63.7% T’2OS recovery.

5 Under optimum conditinns, direct calcination of the crushed ore to
4.75 mm followed by quenching-hydration and washing produces a reasonably hi gh-grade

grade concentrate having 32,857 I’205 (equivalent to 71.77‘7-; BPL) at 94.50% onr‘

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

scrubbing and separation yielded a concentrate having 30,18% ",,O,) at 90.4‘5% 1’205

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, follnwed by calcination, quenching-hydration and secondary washing

resulted in an end-product concentrate having 34,15% 1»"205 (equivalent to




[4./,1'. v}‘!) at 7].1),' “,)r\[) rec . Very.

3, The ~Hmbination f nrimary washing and wet ncrecning of the -4,7%-mm
paghed >ee, €o1'owed by caleination, quenching-hydration and secondary wishinz,
wis tound tr be the best route for upgrading this type H>f ~re to high qui’ity
4l reasonable porovery,  Thia cmbined me had yiclded an end-product ~enentratoe
havine 34044, ) Comgivalent to (56?90 10 1) at 11,27 i recavery.

Vepeaver, cthep comonenty, sucn s i e, alumina, mignesia, iron and chlorine,
wh o aontent.: offect the epad. Hf the phanphate, 2re nresent in smaller mountsg

vn thp s ~ambined rethod than in the osther methods.

9. A ~~mnarison between the chemical analsees of the technanlogical head
aample and the cnd=products nhtained by direct calcination and hy the combined
methnd 18 presented in table P2,

Table 22, Conmnarison of the chemical ani'yses of the head

samplc and concentrates de by different methods
wt

“nd=produrt concentrate

Head Direct calcination

Conati tuent sampla of -19-mm =4[ H=mm
=y T5-mm crushced crushed
crushed ore ore are
:'20‘) 24,41 32,35 34.15 34.46
B8P 53421 ARNA 74461 7529
Ci 0,12 0,04 0.01 0.0
.'\]205 V.56 0435 0.25 0.25
I"eeoS 0.23 0.21 0.13 0. 14
Mg0 1.68 0.91 0.63 0¢54
a0 48,41 49.85 49.92 50458
Si0, 7.76 9.92 9,06 9.04
F 2.65 2.64 2.69 2.55
CO2 9.64 1.78 1. 31 1.22
Insoluble residue 7.87 8.79 8.73 8.52
loss on ignition 12,86 2,01 1.74 1.4%




Ve PRCOMENDATTONS

1o on the bagig of the onclusinng, three £'yw charts, ficures X1, XI1

and XILIL, «re recommended for the concentration »f the Pasterr=A ~hharhate ore,

derendie @ unon the required crade i consentrates

2 Any ~ne of the three fiow ~harts conld be anplied aloe to the sterilr

~h mrpate of Khneifiss vlant which hag more »r 'ess the same ~hemical analysis

ai the head sample of the ¥ast-rm-A nhasphate ore. The annua! nroductisn »f

¢k~ gterile phosphate from the Khneifiss nlant is about 100,000 tons of ore
with an averase :’205 content of 2}.5‘,'3. At nresent, there are about 150,000

tns of this sterile oro stored near the Khneifies nlant,

1, The amount of water required for washing and wet beneficiation

cesses could be provided by the water from the already known wells situated
However, underground water

nro
in the area surrounding the nhosphate deposits.
surveys should be continued, as it is important to have large water resources

if much wet beneficiation of phosphate ore is to be done.

4. It would be advisable to carry out pilot—scale tents nf the recommendcd

#1~w charts t: rec if any proviens might apicr in =270 ‘ying them °n an indnstrial

to estimate the cost of the ore-dressing plant and other economic

ccale and aleo
factors of the project more precisely.
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