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ARSTRACT

Magnetite has been separated from the
iron ore deposits of Gebel El-Hadid and studied
by chemical analyses, XED, IR and DTA. Chemical
analyses of the separated magnetite revealed that
Fe203 of magnetite from the magnetite ore is

lower and FeQ is higher than that from the
magnetite-hematite ore. The present magnetite
has the chemical formu:la Fe1+3 (Fe+2 Fe+3) OA
which lies betwcen magnetite Fe +3 (F Fe' Y, 0

. 43 +2 o 43 ! 2 4
and maghemite Fe, (Fe ~ Fe )1.72504. The
unit cell of the present magnetite (8.3729 A®)
lies between that of magnetite (8.3963 .°) and
maghemite (8.32 A°Y. XRD shows that the magnetite
characteristic peaks are between those of standard
magnetite and maghemite. The present magnetite
has also absorption bands of IR analyses for
both magnetite and maghemite. PTA proved the
oxidation of magnetite. All the above techniques
characterize and confirm that the present magnetite
has a composition between magnetite and maghemite
Jhich is called maghemoragnetite.
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INTRODUCTION
This paper deals essentially with chemical and
mineralogical studies on the magnetite of the Precambrian
iron ore deposits of Gebel EL-Hadid, Eastern Desert, Egypt.
Gebel El-Hadid lies in the Central Eastern Desert of Egypt
at the intersection of latitude 25°21'19"N and longitude
34°7'53" (Fig. 1).

The geology, mineralogy and geochemistry of the iron
ore deposits of Egypt have been studied by quite a number
of authors such as Attia (1950), Nakhla (1954), Akaad (1959),
Shukri et al. (1959}, Sabet (1958, 1961), El Ramly et al.
(1963), Anwar et al. (1964), Dardir (1967), Hilmy et al.
(1972), Bishara and Habih (1973), Zaghloul et al. (1978),
Abdallah et al. (1980), Akaad and Dardir (1983) and Sims
and James (1984).

According to the ore minerology three ore types can
be recognized in the present iron ore deposit (Sharkawy,
1990). These are magnetite cre type, magnetite-hematite ore
type (hematite is predominant) and hematite ore type. The
main task of the present work is to determine the nature
and composition of the magnetite. In order to fullfill this
task and on the basis of magnetic susceptability, magnetite
can be separated from other minerals in both magnetite ore

type and magnetite-hematite ore type.
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Thirteen magnetite grains from magnetite ore type and
two magnetite grains from magnetite-hematite ore type were
separated and subjected to chemical analysis, cell dimension,
X-ray, infrared and differential thermal analysis.

CHEMICAL DATA:

The chemical analysis of separated magnetite grains

has been carried out at Helwan Iron and Steel Company using

X-ray quantometer (ARL) apparatus.

Table 1 gives the chemical analysis (in weight percent)
of the separated magnetite grains. The SiO2 content is nearly
similar to the magnetite grains separated from both magnetite
ore type and magnetite-hematite ore type with an average
amount of 1.37% in both ore types. The presence of SiO2

indicates a deficiency of the magnetic separation process.

The TiO, content reaches 0.04% and 0.02% for the magnetitsz
separated from magnetite ore type and magnetite-hematite ore
type respectively. This low content of T102 detected in the
present magnetite revealed that it is not titano type. The
recorded amount of Ti is attributed to the titanlum present
in the internal atomic structure of magnetite. Deer et al.
(1962) stated that a considerable amount of Ti could enter
the magnetite structure. This conclusion is supported and
confirmed microscopically by the absence of ilmenite-magnetite

intergrowth.
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The average content of Fe203 is 79.09% for the magnetite
separated from magnetite-hematite ore type which is higher
than that for the magnetite separated from magnetite ore type
(76.07%). This is attributed to the greater concentration of
oxidation products such as maghemite, martite, and goethite
in magnetite-hematite ore type. The degree of iron oxidation
() ¢f magnetite separated from the magnetite-hematite ore
type (82.43%) is higher than that of magnetite separated from
the magnetite ore type (79.2!%7) which reflects that most of
the hematite in tais type is of secondary origin. The same
result. was obtained and confirmed microscopically where the
majority of hematite is recorded as martite arranged along

the (111) planes of'magnetite.

The average Pe0 content for magnetite of {he magnetite
ore type (19.97%) is higher than that of magnetite from the
magnetite-hematite ore type (16.85%). This means that the
divalent iron is readily oxidized to trivalent state in

magnetite-hematite ore,

Cal has an average of 0.227 and 0.277 fer the magnetite
from both the magnetite and magnetite-hematite orr types
respectively. The recorded amount of Cad may be attributed
to that present in the internal atemic structure of magn- tite
where small proportions of Ca+2 may renlace Fe+2 and entc -

the internal atomic structiure of magnetite,
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MgO reaches up to 0.027 for magnetite from the magnetite
ore type. Vincent and Phillips (1954) observed that the
magnesium in the magnetite of Skaergaard instrusion decreases
rapidly in the later stage of crystallization. Accordingly,
the lower MgO content in the present magnetite indicates lower
temperature of formation of this ore. The maximum contents
of MnO, K20 and P205 in the analyzed samples reach 0.04, 0.05

and¢ 0.117 respectively.

The triangular diagram of TiOz—FeO—FeZO3 (Fig. 2) shows
that the present magnetite is free from ulvospinel and has
composition between magnetite and hematite. Alsc magnetite
separated from the magnetite-hematite ore type is richer in
Fe2()3 than that of magnetite separated from the magnetite
ore type. This conclusion is in well concordant with the

degree of iron oxidation.

Table 1 shows that the average contents of SiOz,AIZO3
and Ca0 of the present magnetite are higher than those of
magnetite and maghemomagnetite (Basta, 1957}, magnetite and
maghemite (Newhouse and Glass, 1936) and magnetite
(Takeuchi & Nambu, 1954). The average content of Fe0 is lower
and average content of Fe O,

273
magnetite than those in magnetite and maghemomagnetite. The

is higher in the present

rnresernt analyses show that the average contents of FeZO3 and

Uel, which represent the main constituent of magnetite have
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intermediate values between magnetite (Basta, 1957) and
maghemite (Newhouse and Glass, 1936). The magnetite is
somewhat more similar to the maghemomagnetite of Basta (1957)

than other analyses.

RESULTS OF STRUCTURAL FORMULA:

The structural formula calculations have been carried
out to check the correct values of the chemical analyses of
magnetite. Magnetite can for instance be oxidized to maghemite
without loss of its structural planes and both have similar

spinel structure.

The normal spinel has 8A+2 ions occupying the eight
tetrhedral positions and 16 B+3 occupying the sixteen octahedral
positions. The inversed spinel has chemically different atoms
occupying structural equivalént positions in which 8A + 8B
occupy the octahedral positions. The present magnetite

crystallizes as inversed spinel anil has the following structural

formula (Fel+J (Fe+2 Fe+3)1 BSOd)' i.e. the present magnetite

+3 +2

L i Fe

lies between magnetite (Fe Fe+3)20, ) and maghemite

g 3 o 2 o 43
("el (Fe'™ Fe )1'7250“).

In magretite 12 O ztors are associated with 9 Fe atoms,
while in maghemite 12 () ators are associated with 8 Fe ~toms
{Basta, 1962). The ch:mical analysis of the present mzga..ite

(Table 1) gives the strictural formula of e, <=0, ., for

17
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magnetite in the magnetite or- and Fe8 a&O!q for magnetite
in the magnetite~hematite ore type, i.e., the present magnetite

is oxidized to the mineral between magnetite and maghemite.

X-RAY AND CELL DIMENSION DATA:

Ten magnetite grains separated from magnetite ore type
were studied by X-ray diffraction at the Central Laboratory
of Tanta University, usipg PW 1840 Philips diffrscrometer
with silica glass tube and nickel filtered copper radiation
(Cu-K = 1.5418).

The complete pattern of wagnetiite apnesrad ia all the
examined samples (Fig. 3). T.e mest characteristic lines of
magnetite appear at d, 2.53 &% ac {311}, 1.38 A" (440),
1.614 A® (511), 2.933 A® (&2}, 2,088 a° au (400), 1.713 A°
(422), 4.847 A° (111) aund 2.423 A (222),

Hematite is also detected in the situdied wagnetite
samples. It is only abservad at two characteristic lines
2.69 A® (104) and 1.692 A (116). Tuartz is sparse in the
investigated samples, it has ornly one characteristic line
detected at 3.34 A° (101) and its presence indicates some
deficiency in the separation nrocess., The XRD pattern of
magnetite shows that these sust characteristic lines are
intermediate between those of standard magaeetite and

naghemite (Table 2).
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The powder pattern of XRD of magnetite is measured and

¢ »mpared with those from ASTM index card d Using the

I-1120.
veadings of 28 and indices hkl, the cell dimension ig measured

using following equations of Cullity (1978),

Vi >
1 h 4 k% 4 17
Y,
i a2
)\ = 2d sin 8
Sin2 8 l
h+2 + K2 + {2 4a2
Whera,
a = Cell dimension (unknown)
hkl = Lattice plane indices
d = interplanar spacing
)\ = Wave length
& = Diffraction angle

The precise determination of cell dimension of ten
magnetite samples ranges from 8.3395 A° to 8.3917 A® with an
average 8.3729 A°, Table 3 gives the cell dimensions of some
artificial magnetite grains. Basta (19537) recorded that the
cell dimensions of Bisperg magnetite is a = 8.3963 + 0.000% A°,

Dimensions of Bisperyg magnetite is dus to either atemic
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substitution (Ca+2 substitutes Fe+2 and Si, A} substitute Fe+3)
or to the partial oxidation of magnetite to maghemite

(a = 8.32A°). Basta has also reported the existence in nature
of a mineral intermediate in composition between magnetite

and maghemite with cell dimension of a = 8,369 + 0.001 A°.

Finally, we can confidentiy confirm that the average
unit cell dimension of the studied magnetite (8.3729 A®) is
intermediate in composition between that of magnetite and

maghemite.

INFRARED DATA:
The infrared analysis was carried out using Perkin-
Elmer 683 infrared spectrometer at the Central Laboratory

of Tanta University.

The absorption bands of the separated magnetite are due
to Fe-0 bond. According to Estep (1977) magnetite has two
major bands at wave lengths 570 e and 375 cm !} while
maghemite exhibits different absorption bands at wave lengths
680 cnt, 625 cm™ Y, 540 cm L, 375 cm L, 310 cm ! and 225 cm L.
Referring to Neil & William (1964) magnetite exhibits two
absorption bands at wave lengths 570 cm_l and 385 <:m“1 while
meenenite (N Fe203) exhibits three abscrption bands. The
abuorptior bands are presented graphically (Fig. 4) and their

wave numbers are also tabulated (Table 4),
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The present magnetite shows two major absorption bands
at wave lengths 580 - 560 c:m_1 and 385 cm“l (Table 4). Almost
all samples show some absorption bands of maghemite at wave
lengths 650 cmul, 340 em ! and 310 cm_l, i.e., the present
magnetite lies between magnetite and maghemite (Table 2).
Hematite exhibits only one absorption band at wave length

460-450 em 1,

DIFFERENTIAL THERMAL ANALYSIS (DTA) Data

Only two magnetite from the magretite ore type were
analyzed using Shimadzu DT.30 differential thermal analyzer
in the range of 30-950 C° by 30 C°/min. The DTA curves are
given in Fig. 5 and Table 5 and show an endothermic peak
recorded at 330-370 C° and exothermic peak at:
1. 200-230 C® due to the oxidation of magnetite to maghemite
as reported by Lepp (1957) in temperature range 200-400 C°.
2. 550-580 C° due to the diffusion of oxygen into magnetite
structure which caused the transformation of magnetite to
hematite. This peak is similar to that reported by Schmidt
- and Vermass (1955) and Lepp (1957).
3. 150-170 C° (only in one sample).
4. 660-690 C° similar to synthetic magnetite on a DTA curve
recorded by ‘Theith (1952) of temperature range 600-700 C°,

SUMMARY
The main conclusion of this paper is that present

magnetite 's oxzidized te a nineral intermediate in composition
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between magnetite and maghemite. This result is confirmed

by the following techniques.

i. Chemical analysis reveals that it has composition between
standard magnetite and maghemite, i.e., it is similar to
maghemomagnetite. The average Fe203 content of magnetite in

the magnetite-hematite ore {79.097) is greater than that of
magnetite from the magnetite ore (76.07%). This result reflects
that oxidation of ferrous iron to ferric iron is greater in

the magnetite-hematite ore and is confirmed by calculation of
the degree of oxidation which increases from 79.21 in magnetite
ore to 82.43 in magnetite-hematite ore,

2. The structural formula of the present magnetite gives the

formula of Fe which is intermediate between standard

8.55°12
9012) and maghemite (Fe8012).

3. The average cell dimension of the present magnetite is
8.3729 A° and the avérage cell volume (a3) is 586.986 A°,

This value is intermediate between standard magnetite

magnetite (Fe

(a-8.39 A®) and standard maghemite (a-8.32 A°) and similar
to the value recorded by Basta (1957) for the mineral between
magnetite and maghemite (a-8.369 A°).

4. The characteristic lines of X-ray diffraction for the
present magnetitz lie between those of standard magnetite

and maghemite.

5. The study of infrared absorption bands shows and confirms

the nrescnce of bands of magnetite and maghemite.
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€. DTA shows exothermic peak at 200-230 C° due to oxidation
of magnetite to maghemite (Lepp, 1957) at 150-170 C® and at
550-580 C° due to the diffusiorn of oxygen into magnetite
structure leading to transformation of magnetite to hematite
(Schmidt and Vermass, 1955).
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Table 1 : Chemicenl anatyses, nnmber of jons, degree of oxidation and cell
parmnclers of the separated magnetite

Magnetite -

Ore type Magnelite ore hematite ore

Samplr
No AN SO0 |30 PETM [STNIEAAM [A9n1 [62M |60 [SIM 1300 [30M [SIM Y Av. [TSMESIM] AV,
Onides

S0, 184 ) 629 1 172 | 585 9 097 ) 1AQ | 156 [ 100 049 [ 9207 000 | WM LV E 136 P1I0F 14 137 | 07327 | 0T 105 | 003
TiO, 003000 {003 (003 ] 0010 001 | 003 [002FC04 | &03{ 00 [od2[002] 002 fo02y 002 0.02 |005] ¥ 016|213
Alafdy | oo 015 | 667 [ 093 | 052 (025|057 j034boks |e5a]|ora{076 056! 060 J o5 031 ] 043 Food [ 021 034 ook ] or
FeaOp |RT9[7303 {0417 [ 1454 74,871 7539 [ 75,52 | 75.73176.15 77608 74 15 | 74.97 [80.03[ 76.07 | 7812140067 70.09 [67.55|68.85 [ 598 | 89.15 ; 64 95

Te) 2135122901 20.07 | 20.84{20.84 | 2033 [ 20.58 (2135 [ 1955 § 1955 F18 211672 16,98 [ 16,97 [ 17.75| 15.55] 16.85 FIR43]30.78327.90( 867 [ 3002

An(y nil (000041001 (0031 004 {001 {003 nit §oar, [ el JOO3) 006 002 | 001|001 B0t {0051 - [007
hipO tro | wil | otr. | et | opil | onil 1007 §001 Y nit | onil [ i [onit JOO1 {2003 ) pil | nil | nil JOAB[ - | O0& ).
L1 ] 37§00t [oosfop (007 ] 006 [0B7 f103 )00 009002 [004 fO06F 027 fOABI006) 027 OOV T - 003 | ir. | 002

Ko0O 602 F0.00 | 0030003 002 002067 fOO JOD) J 004 f D04 |0.05F 006 | 0.027 f 0.02 | 002 | 0.02
*+05 OH {br. | 008 F mil {000 ) 00000 | 6087002 004l 0c2]003][006) 0.05 FO06] vil | 003
Yot SRAQ{OA 0N |07 04)09 0712001 [ 97 7 | 9927|299 60 (759945923 |98 651 97.5699.07 | 9015 [98.32|97.87 | 98.0% |'0o.04f t001t] 52.52 Jtoo.adl 100t
ke 824|654 P75 166 44 16B.G0 | 66 56 ) 6285 £9.60 G8.57 [ 65.51 [60.12 |00 |6221 { G276 |Sh4T 60.42] 6845 | - -
:I(An) 336910370 - 100518303 0376|8362 | 8371 8305 - JaMs| - 1BM | 8WI] - - - JBISEAIS L adsa M)

[3) FI56776.05 (7670|7047 {78.03 L 7476 78.58 | 78.01 [ 79.54{ 79,88 ;80 85| 4251 [B2.50 | 79.20 J41.42 12330 [ B2 43 [GB.28FESNY [ 1144 | 810 | EE1

Numbers of ions on the basis of 32 (O)

124 056 | 0.5 [ 0.52 {0.46410.592| 9.40 {0.454] 024 {0288 10.375) 032 FO.O44 80408 0402 |0.352) 0AI | 0.292 4 0.24 1D.0831 0.32 10.3M | 0.008
Al 032 0056|032 ] 0.3 [0175 | 0429) 020 fONC4 {026 )|0175) O (0264 FO592| 0208 fO16210.106| D144 §00X6|007T| 092 jo014] 0072

Fet? PA2 |TS84| 746 (T6 (7202 7472|7206 [ #6EG 7496 745 | 744 [T.092[ 740 | T304 D456 (7464 | 7464 J7U36H Tas 75001035 ) Yo

&

i A VR S S SR S B N B A A B P . fooos} - joox)eam
Total sl s e e s ]etefetala]lsled s ol s ye{sisiaf]ys
Fesd a5z |926 3976 | 668 |9646( 2704 (0576 035 | 992 | 9.9 | 008 Janae] 10,365 o216 [9.964 | 1057 | t020m {7832 15045 [4.40% |11 7as] w04

Fesd  Jegqlamdsaz|saa ] 52 [5068) 502 |54 [anos]| oy [ and f o) atol 500 jadjase | €206 Fa0s |7.696) 2.0 f2065] 7.62

Mn . . R T S A I I R N B B {111 I T
un o . o0z [0zt [ozselonae|oose| . | . Joowrs eoss foszfoass] oor foane} . [amoe] . loesr
Ng . . . B . R - - B . . D08 - 0064

Mot fygop|rsi2)r2eal son (g par| 1apnf 405 f s5 02 ¢4 1R 6] 14 72| 1460 | 1457 1288 Nrd 400 00.K26) 14 50¢ | 16 01 | 15,841 HE E1 1130 15.067

E - Mugnelite, Bisperg Sater, Dofecarlia, Sweden i'll:m;n §957)
2 - Maghdite {Newhmrse and Glass 1936}
3 - Maghemomagnelile, iron ore, Bovey Tracy Devonshire (Basta 1959)

4 - Maghemite, Alameda Co, Caletornia iNenhonse and Glass, $936)

5 - Muagnetite, eontact metasotntic depanil (Tokenehl & Nambu 1954)
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Table 2 : Comparison between the swudied magnetile and both the stan-

dard magunetite and maghemite using X-ray and infrared analyses

X - ray Infrared
Magnetite | Maghemise j;‘;:’;dm Magnetits Maghemite [ g0
— ,
d 1 7¢d11d]l ﬁ;!;;ﬁ ‘Wg’ga:’:’? E;lrer% :‘?gg’? e
18520 8 V45| s £30 &0 _
4850 15 §25
20571 30 51 | s 580-560
29571 0 555
295 30 540
253 | 100 468
2522} 100 385 285
25141 160 s s w
1a424) g 32
. ea3f 20 30 0
2808( 2 25
2089 20
2.005) 35
208] 15
1791 10
I R N I R Y PR
il 9
1616y 30 % v )
e 16t | 80
. L
AL NSO B S
148
o vl w |
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Table 3 : Cell edge of Fe30y (Ao)

Cell edge (A")

References

843

8361+ 0.003 or 8389 0003

8.397

8427

§.350 £0.002

8417

8413

8441 £ 0004

8394 £0.0005

2304 +0.0005

3006 EMns

8373

Holgersson (1927)

Clarke, Ally and Badger (1931)
Hagg (1935)

Gaglinti and D' Agosting (1936)
Benard (1939)
Frank-Kamenceky (1939)
Pouillard (194%)

Van der Marel (1951)
Abraliams and Calhoun {1953)
Tombs and Rooksby (19513
Basta (1957)

Magnetite under study

185
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Table 4 : IR data for magneiite
Gl Al 49 M 46 M 67 M 96 M 80 M 39 M 59 M 69 M
Wme Wave Wave Wave Wave Wave Wave Wave Wave
o Int No. T No Tnt N Int. Mo Ini N, fnt. No. Int. No. Int. No. Int.
X0 |mgp 0 wsp

30 fwsp[ 310 fwsp| 310 | wh 310 | wb | 305 {wsp| 310 jwb | 310 |wsp] 310 fwh | 310 {wh
U0 Imp | 30 wb | 340 {wh | 340 {wb 360 ywb | M0 |{wh]| 345 jmsp| 340 {wh | 340 jwsp
33 [w,sp| 385 jwh ] 385 {wh | 385 |wsh| 65 fwb| 385 [wb {35 |whb{385|wb] B85 wsp
450 fub | 450 Jwb | 650 wh | 450 [wp | 470 | wh | 460 | wb ‘:65‘; wh | 450 lwb | 40 fwp
590 mb 0 w,b 0 wb 5 wh{50{wh| 50 [wh - mb 0 wh & wb
50 550 %0 50 580 50 %0
630 |wsh| €50 jwspl| 60 Jwh | 650 fwh 50 {wh | 80 |wsp 645 fw,sp
VS = very strong s = strong w = weak
sp=sharp b= broad sh = shalder

Tab¥e 5 : Diffcrential thermal analyses ef the

separaied magnetite

Separated magnetite

30 M 96 M
End. Exo. End. Exo.

F50-170

200-215 220-: 00

330370 350 370
350-576 550-58U
GH0-080 600-Gut ‘.ﬂ
i ‘}.’_UJJ_-;;}_ N 9(15
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Fig. 1: Map showing the location of Gebel El-Hadid and some other iron ore

localities in the Central Easterm Desert, Egypt.
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Ti0>2

FeD 2TiOp,

FeOTIO

2Fe0TIOy

FeO Fe203

Fe O Fe,04

L >~ £ 2l 30 M0
50 FeQ Fep04 F9203

Fig. 2: Variation of FeO, Fe203 and TiO2 in the senarated

magnetite, after Deer ct al, 1962,

¢ Samples from magnetite ore type,
0 Samples from meagnetd te~-hematite ore type.



Delta J. Sci 16 (1) 1992

e —

(1.}

WY Magnetile
Hms Hemolite
Qe Quosit

NN ENEREEY

{l [ VO I T T I Oy o o
&0 3 [As]

70 50

Fig. 3: X-Ray diffraction pattexn of magnetite separated

from magnetite ore type.
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Fig 5 : DTA curves of magnetiie separated from magnetite ore type.
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