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from .Port Said to Abu Q,ir east of Alexa11ciria. 

lal·ge deposits o:t' blacK sands contain strati[';ic and 

economic minerals whicn are suitable for profita.ole 

industrial explr:>itatien and they contain ra·:1 materials 

for atorr1ic energy and otr1ers f!"lr eHgineeriilb and 

metallurgical h1dustrie s. T.1ese values of heavy 

ec11nomic minerals are widely distributed ir. tb.e beach 

sands, aand dunes artd sand bars alon:c: olir northern 

beaches. El Shazly -(1964) estL~aced t,1e reservf,E ')f 

Said. as ;,0,802 1.300 tom; in tne top :neter and 616,046 1 000 

tons in the top twentJ cneters. 

deposits are u~lique concernint; t'w quantities and tenors 

of its ,r,3.J_uable :1eav.y economic ahC.. s·~:!__-.ate~_;:i.c wiEerals~ 

·1':-:.e C()ntr1i11 t-;.cec:t.t reserves n+' m_f"'nc •. L~l i:e, zircon, il:..:le(:_ite, 

I'l_..t,J..Jc :-J.._i.i,; :"1r_i>'_;J..~et.i.te"' 



processes ln the recovery of t1igll grade ilme,1ite and 

zircon concentrates is essential ami even decisive. 

Hence the behavicur of til.e Egyptian beach ilmenite and 

zircon in the high tension electrostatic separator 

(Carpco model HP 167) has been investigated. Very 

clean samples of Egyptian beach Ilmenite ( + 99% ) 

and zircon ( + 99% ) were prepared by wet tabling and 

magnetic separation only. This study of individual 

pure minerals is a necessity tc guide any further 

studies to define the optimuu conditions of electric:ll 

separation v1hen util:i sed for solvin6 different problews 

of producing marketaole grades of these t"·o importa1lt 

Ee;yptian beac"l minerals and to help a successfu.l 

separation of impuritles cf tllese two minerals detex:iorating 

th~:: grades of other beach mi~·H:.n:.-als col-_,_centrates. 

The effee.:.t.;s 01 some important co:::l<.:<-itiol.~-H as speed 

ro·:~nr ( r.~J.l::.c.), vo.ltaV:;e, te'.::1perature ;':'~:r sa~1d, po.lar:i_-+:,~J 

to 

eac.r .. nt_h_er and t·-c ti:.e c.a:.'rler rot;or, pos..LT,ion ,;f tile iee{1ing 



-

mainly on the concel)ts of 6. t ( prereversal time lag ) 

1-ntroduced by I1iora (1962), the phenomena of frictional 

charging, t~1e effect or temperature on the electrical 

properties of ruinerals and the specific mineralogical 

nature of the Egyptian beach ilmenite and zircon, 



:L3.l'l{.er c:vJou.rt a 1o .... ;ec ref_lectlvir,y, ::1n0_ a .. -r··~.;d.~~-lsn .•ro•A~n 

Structure and chemical composition. 

Deer (1966) indicated that ilmenite is a titanate 

of ferrous iron ( Fe+2 Ti+2 o
3

) rather than a double 

oxide of ferric iron and titanium ( Fe+3 Ti+3 o
3
), Its 

structure is somewhat similiar to ttBt of hematite but 

with some distortion in the oxygen layers, Along the 

direction of the triad axis 1 pairs of Ti ions alternate 

with pairs ot Fe +2 ions, thus eacll cation layer is a 

mixture of Fe+2 and Ti. In the series J:i'e Ti o
3 

- Fe2o
3 

there is a steady decrease in the rhombohedral cell edGe 

from ilmenite to hematite, With introduction of 

considerable manganese 1 the cell dimensions il.1.crease 

appreciably, 'I'he formula of ilmenite JllJ be fully 

expressed as ( Fe, ii.lg, Mn ) Ti o3 with only a limited 

amolillt of Mf; a11d Mn. Ha=o·~d (1966) carried out an x-ray 

spectrographi.c analysis tor a pul'e sample- of ilmenite. 

Tile e.tements: He ci'i ( + Mn, Cr, Ca, M2: ) - V, lJb 1 Co, C'u 

Ni 1 Zn were reco.cded, It was also found t£1at there is a 

relation between the magnetic susceptibility of ilmenite 
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no-Lic8cl to ~;c c;radual in so:~ll;; cc:tses, resultinu in 

ttle primar,y stac;o oc' s:nc;.ltlJ altered ~,ra_Lr;s an 

oriented lamellae of rutile in llematlte accompanied 

by rutile spindles s_wwing mo:ce Oj_' less t;le same 

orientation. In more advanced stages of alteration, 

t~1e rutile beco-Cles well aefined havL'lg a definite 

orientation in the ..:18IJ.lo.titc. \r."..e::i. complete alteration 

taKes place, tile ilmenite is totally decomposed tn 

orieuteU inter~;T'O\'·JtrlS o.f r---~·-ti.:Le in _l_l8~Jlat::..te. Ramuc.iu:-

oE ilmenite by t;w follo'.illl[; ec;.uatlon: 

2 Fe ':i'i o
3 

+ 0 

:':e sto.t8•l l;aa·i: at ;nb:l teqJeratu.res ( j, lll0°C,) 

~JSeu~..lob:eooKitn :Ls cieveloped. at L~cle e:zponse o:t' such 

ie also ind.Lca ted 



mlcro porous structu1.~e. 

suGses"ced to p:;.:·oceed t:1rou:;;1 t\ree sta:;,es ( Baily et al 

1956): 

Incipien-t;__ stase: 

Starts \Jitn the leucoxenation of ttle surface followed 

by tlw appearance of elon::;ateci s'brlil~~ers or round 

patcnes of a ill.B:cerlal ·,nt~l refJect.LV.Lty :1ear oT 

sll[')l.tly lo•.:~er t .1an rutile. 

Amor"'hous iron t.c taniuill OLLde sta· e · 
--- __ 1::'_ --·- ~-- ··-- -- ~---- ~----------c_>_ o 

'fl1e alterecl areas beco,!le elonc;ated a,Hl 'ller::;e inl~o 

one arwtner. 'l'he encl product lS essentially an 

amorphous :t..con-t :t.taniuw. oxicie. 

lron - titanium o.zc1d.e. T;l.e leucoxer.e J.eveloped at 

t~llS stage has a see~ill.n~~~lJ" crystalline appearance. 

in a illbJ.le ::c t-.L tan~uta co .. lt;ent \~'='~ t.t1 a .~'l~ __ er o_.,:.J..z:.La.ticn 

o:c' ll"On an;:. a rl.ecrease lil tne magne"tlc susceptibility. 
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subordl:Cl~-L;e anatase, 

Ka.rk,lanava.lu. c;t a1 (1959) consHlcoi'cd ic a .nL"{:ture OJ_ 

ratio of appro;amate1y 1 : 5 : 7 dS Hl tHe brown 

1eucoxene f:com -iui11on. 

li1J.nter (1960) a.t-cr:Lbui:;ecl t 1e presence o:t' :pseuciobroolcite 

i:'l tlle brown 1eucoxeno from c/,ui11on to itc; occu:cence as 

a primary m:cnera.1 in tcw sOUJ.'CC area. 

J3olfa et a1 (1961) found t,la·c ta"' compos1cion Ol cnc: 

al.tered ildenl"Gvs i.~_"om ti1e ~'ocks anJ.. Sd.l1u..s of J.;~o.·ia_,dscar 

closely app:coacues t.ce mo1Gcu1.:n- cor"stitution o.c 3L':tzonite 

Deer ( l96G) s-ea ted tL1at arl.zor.:.i-t;e is probably ;:J. u;_i"'.:tur8 
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rutile - ma:;netite. 

a- J:em.atite exsclut:wn: 

At hic;h temperdtu:ce, ilmenite and ;1emo.t1te form a 

continuous solid socut:L.Ol1 se:c1es. On moderately 

solutions, fe.c:ciil:nenite and t .ctanaematite. i'iw 

ilmen:cte 

e:.c:csts ·oetween ilmen::.te aul ,wm.a.t::.te, but at lo.:er 

"o.fli.SSJ.billt;j r_:)c.l_f' U:iCCeo.-~'-LL:U:_.) f'_2DW. ap}.)J'OXiLli-1.te1y _5_3 to 

,.7 rno' '' at 95 .. (] 0 (. o ~- 1o . ~ • 

6>0 J.?e 2r
3 

:111ci titcliLleGkltj_vc~ , .. J-::; 10% ~~i 0 2 in 001.ic1 

sol-xl;ion .. 
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.t:gypti.=cn beach ilmenite. Occauie>n-1ll;;• : 1.ne needles 

of rutile are observed. (.3octor 1966), Edvurds (194-7) 

believed tLnt tile rutile lo.:nelLw o.re :ccn earlier 

generation than the ferriilmenite exsolution bodies. 

Ramdohr ( 1955) considered tn.em inte:emedi:cto bot,i/een 

tho first and second 2,eneration of ferriiluwnii:;e 

exsolutions. However Basta (1959) thinks tl1.:c.t the 

unmixing of the ilmenite hem.Gtito solid so::Lution to 

ferriilmenite and titanheautito stc.rts before the 

separo. tlon oc· the excess of Ti o2 ::ts rutile. According 

to lbmdohr (1956), tne formJ.tion of rutile '3XSolutions 

is o. reSLllt of p:.trtial oxiclo.tion (under hig..lJ. oxidation 

potentlal) o.C the J!'e Tio
3 

in a mixed cryst~"ll lyins neo.r 

2 Fe ':'iO. 
/ 

+ 0 

tempor::.turu (very .L'OUi!;hly:;, 350°C.) in 

of the 

rt: 
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Exsol1..Ation of rutile i11 ilmenltc is fo.r less couEuon thc.n 

t;wso of tito.nhcuntite. 13o.sto. (1959 b) indico.ted tlnt 

ther8 is a limited solid solution bc;tween rutile and 

ilmenite Wilich does not exccwd 6 5<\ Ti 0 2 o.t o.bout l050°C, 

c- Magnetite exsolutions: 

According to Bo.sto. (1953 - 1960) 1 ct limited. solid solution 

between =snetit8 ctnd ilmenite ~mel i"l:; is possibly in t:1e 

ro.n3e o:i" 3 - 4 % ctt l050°C, ·,vith temperJture fo.ll, the 

mo.gnetite is exsolved as fine needlos~~:J.llol 'co (0001) 

plcmes of ilmenlce, Doctor (1966) it:Jii-/).cd tllo.t suc:1 
\~~ 

intersrowths o.re rare in the ilme~ite of Ro .sett:J. o.nd 

Damietta blJ.ck sands, He o.lso notlced t:L\t in some 

twinned ilmenite gre1ins few relo.tlvely coarse tabular 

lo.mello.e or fine ;_,ro.ins of mo.gnetli:;o are developud insir.J.e 

hw twin lo.me llo.e. Aceordins to lbradolu' ( 1956), tne 

exsolu_t~Lons lo..ter reduc0J. to mr.lL;netite. 
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L i, Cu, 

d t ' l·' "d' (1'~5") cr+3 a·nd· cr+5 .~~,y·- replace Acco:r lnc, ·o Go us,lml c 'J ..,. v ~ 

2 Ti+'+. i:Ia;;J.moud (1966) sto.tcd tcB.t 'c.~'-' varudium COiltent in 

t(lv b 0 Jptldll beach ilmun:cte iG ran;;incc; L.c·om 0.05 to 0.12 % 

v
2
o5 and also i·\; cOiltD.Elll ci1romium ran:::;il'lc, i".c·om O.l'J to 

0.38 5'b Cr2 o
3

• 

Mass iJlaC,)J.etlc Suscept~L(lility:-

suscept ibiJ.i ty. It Nd.S recove:ceG. 'Nlt .. lin 3,000- 7,000 

Oe_L"sted. Hariimoud (1966) founcc t,ld.t p L; iaL ilneni tc 


