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ABSTRACT

Mongqar El-Sanab - Mongqar El-Raml area is located 50 km SSW El-Hammam city, Northern Western
Desert between latitudes 30°26'30" and 30°20'00"N. and longitudes 29°09"00" and 29°22"30" E. The
composite stratigraphic succession of the Early Miocene Moghra Formation includes exposed very
compact and consolidated ferruginous sandstones, calcareous silica sand and silica sand beds 19.5m thick
and greyish black clay and shale bed 1.5m thick at its top. Silica sand is essential raw materials for
glassmaking, industrial, horticultural, leisure and foundry casting applications. The study aims at
undertaking investigations on the silica sand geologic features, grain size, chemical composition, easy
remove of deleterious impurities, together with the level of friable sand some required form of processing
technique to conform very closely to the standard specifications, and consistency in quality suitable for
economic applications. The silica sand beds are sited at the top of southwards moderate sloping to the base
of the succession. The consolidated and very compact ferruginous sandstones comprise calcareous quartz
arenite and ferruginous calcareous quartz arenite. Both consist chiefly of >90% quartz, fine to coarse,
rounded to sub-angular occasionally fractured grains (>95wt. % silica). The SiO, discriminates three
Grades I, II, III: > 98, <98 - > 97, < 97- > 95 wt. % and as well, Al,0; and Fe,O; contents: 0.35 - 0.14,
1.71- 0.3; 0.8- 0.2, 2.3-1.71; and 1.84- 0.4, 2.3 - 1.71 wt. % respectively. The 3 grades record highest wt.
% of the size <600 um - >106 pum to be considered suitable for upgrading the sand. Exceptional samples
of Grades I, II exist where the sizes >600 um possess high wt. % to recommend combination of these size
classes > 600 pm of the sand from the sites of such samples on exploitation. The washing of the sizes
<600 um - >106 pm produced sharp decrease of Fe,0;, CaO content of the three grades (times 0.39, 0.32,
0.18 and 0.46, 0.35, 0.016). Loss on washing with water is 6.4, 1.8, 16.0 kg/ton and with 2 and 5% HCIl
solution 6.4, 1.8, 16.0 kg/ton to be considered an approach of suitable upgrading.

Keywords: Qarat somarah, silica sand, physicochemical properties, upgrading techniques.

INTRODUCTION

Mongqar El-Sanab - Monqgar El-Raml area is sited between latitudes 30°26'30" and 30°20'00"N. and
longitudes 29°09"00" and 29°22"30" E (Fig. 1). It is located 50 km SSW El-Hammam city, Northern
Western Desert. This district has been studied by several authors, of these Shata,1955; Said,1962;
Segiev,1969; Abu Khadrah, 1973; Omara and Sanad, 1975; El-Khoraby,1985; Abu Zeid, 1984; Issawi et
al., 1999, 2009; and Hassaan et al., 2019.

The studied area has witnessed wide-spread transgressions and regressions, partly combined with
structural deformations and consequent depositional hiatuses during the Late Oligocene- Middle Miocene.
There, the Early Miocene Moghra Formation nominated El Raml Formation at Mongar El-Raml area by
Abu Zeid (1984) is overlain with unconformity by the Pliocene El-Hagef Formation (Issawi et al., op cit).
The composite stratigraphic succession of the Early Miocene Moghra Formation at Qor El-Hellab,
Mongar El- Sanab, and Mongar El-Raml after Hassaan et al.,( 2019) from base to top is very compact
ferruginous sandstone reddish black hilly accumulations of altitude 10- 20 m, friable reddish yellowish
ferruginous sand beds, alternating calcareous white sand, greyish black clay and shale at Qor El-Hellab,
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followed upward at Mongar El-Sanab by white calcareous silica sand bed 4.5 m thick , white silica sand
bed 15 m thick and greyish black clay and shale bed 1.5 m thick at its top. The highest hilly accumulations
is cut by highly ferruginous quartz veins filling two fault planes one is trending NW intersected by the
other trending NE. The recorded silica sand beds of total thickness19.5 m possess chief grain-size <600
um ->106 pm, rare deleterious impurities, no refractory minerals, SiO, >95 -98.8 wt.%, Al,O; <1.6 —0.3
wt.%, Fe;05 2.3-0.3 wt.% (Hassaan et al., 2019).
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Fig.1: Part of Qarat Somarah topographic map showing location of Mongar El Sanab- Monqar El-Raml
area, (From Conoco, 1987 with addition).

Silica sand is essential raw materials for glass making (accounted the highest of total sales) and a wide
range of other industrial, horticultural and leisure applications, foundry casting for aerospace, military and
precision automotive parts (sand of higher quality). Different grades of silica sand are usually not
interchangeable in use. Silica sand, normally contains more than 95% SiO,, are valued for a combination
of factors viz; geologic setting, deleterious mineral impurities, physical properties and chemical
constituents. They typically have a narrow grain-size generally in the range 0.5 to0.lmm. For critical
importance of most applications silica sands have to conform to very closely defined specifications, and
consistency in quality. Particular uses often require such different combinations of properties that all of
the sand resources almost require some form of processing technique to upgrade them into marketable
form.

Consequently, the consistency of quality of the silica sand in the study area requires choice of required
forms of processing technique to upgrade them into ultimate economic industrial forms.

THE AIM OF THE STUDY

In consequence, the present study aims at undertaking investigations on the detailed geologic features,
chemical composition, inherent grain size, the easy removal of deleterious impurities (dust, halite, clay),
together with the level of losses and some required forms of processing technique. Such studies concern
whenever possible, upgrading the silica sand of the studied area to conform to the very closely defined
standard specifications, and consistency in quality suitable for economic applications of white silica sand.
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Fig. 2: Location map of the 27silica sand collected samples. Grade | _—
Grade 11
Grade III —

METHODOLOGIES AND SOME FORM OF PROCESSING

Particular uses of silica sand require combinations of studying geologic setting for easy mining,
estimation of the dominant suitable grain size, determination of chemical composition, removal of
impurities (clay, dust) and some form of processing to upgrade them into marketable form as follows:-

Geologic Features
a- Field study and sampling where 27 silica sand samples were collected (Fig. 2)

b- Petrographic investigation of 12 thin sections of the very compact reddish black sandstone and the
colored calcareous sandstone.

c- Mineralogical investigation to record any deleterious mineral impurities.
Chemical Grade

a- Estimation of the contents of silica and other major oxides in 27 samples, due to their critical
importance, in particular, silica (normally must be more than 95%) for industrial uses of silica sand.
b- Use of the estimated contents to define the grade of the studied silica sand in relation to its site.

Screen Analysis

a- Screening using two sieves 600 pm and 106 pm of three composite silica sand samples weighing 2 kg
prepared by weighing equal weight of each sample of every discriminated chemical grade to estimate
the distribution of the grain sizes >600 um, <600 pm->106 pm, and <106 um.

b- Estimation of the quantitative abundance of the grain-size <600 pm ->106 pm, the typical critical of
most applications of silica sand compared to the grain-sizes >600 um and <106 pm.

c- Chemical analysis of the three separated grain size classes > 600 pm, <600 pm ->106 pm and <106 pm.

Washing for removal of deleterious impurities and level of losses

a- Washing with shaking and decantation for several times of weighed 150 g of each grain size <600 pum -
>106 um of the three prepared composite samples using normal water and estimation of losses.
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b- Washing with shaking and decantation for several times of weighed 50 gm. of grain size <600 pm -
>106 pm of each of the three composite samples by 2% followed by 5 % dilute HCI acid solution for
probable removal of iron oxide staining rare quartz grains and the other deleterious impurities.

c- Estimation of SiO, content of the products of the steps a and b to detect the result of washing.

RESULTS
Geologic Features

The base of the Early Miocene Moghra Formation at Qor El-Hellab (nominated El Raml Formation at
Mongar ElI-Raml area by Abu Zeid, 1984, (given in Hassaan et al., 2019) is represented by several very
compact reddish black ferruginous sandstone hilly accumulations of altitude 10- 20 m followed laterally
from south northwards by ferruginous calcareous sandstone and calcareous silica sand, both are sited at
the base of southwards gentle sloping of the other beds of the stratigraphic succession. The sand beds of
white color 3-20 m thick cover an area extending from Gebel Hegif in the east to Dir ElI-Ressiw in the
west via Qarat El-Markaz, Monqar El- Raml, Monqar El-Wahsh and Mongar El-Sanab. These white sands
attain its maximum thickness at Monqar El-Sanab - Mongqar El-Raml area and are covered with thin film
of yellowish color.

The petrographic investigation of 12 thin sections of both sandstones indicates that they comprise
ferruginous calcareous quartz arenite forming the very compact ferruginous sandstone, while the
consolidated faint reddish yellow calcareous sand bed is calcareous quartz arenite. Mineralogically, the
ferruginous calcareous quartz arenite consists mainly of >90% quartz, fine to coarse- grained, rounded to
angular (Fig. 3) occasionally fractured grains and rare euhedral plagioclase (Fig. 4a, c). Iron oxides are
present as patches, filling the fractures of the quartz grains and coatings surrounding the margins of some
quartz grains (Figs. 3a, b, and 4¢). The quartz grains are embayed in micrite matrix (Fig. 4b). The micrite
occurred during diagenesis.
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Fig. 3: a, b: Photomicrograph showing iron oxide patches or lining fractures in quartz grains and as rims
of quartz grains, S. No. 25, X.N.

Fig. 4: Photomicrographs showing a: fine to coarse
grained, sub-rounded to sub — angular quartz and
plagioclase crystals. S. No 39, ppl, b: the embayed
quartz grains. S. No 39, ppl, c: quartz grains fractured
in the studied samples, S. No 48, 49 and 50 PPL.
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The calcareous quartz arenite is texturally classified as sand 99.9 % and 0.1 % muddy sand. The silica
sand constituents are 0.24- 0.21% heavy minerals and 99.86-98.89% light minerals chiefly quartz and rare
alkali feldspars. The light minerals are composed of >95% mono-crystalline quartz grains of medium size,
fractured, rounded to sub- rounded occasionally sub-angular (Figs. 5a, b) cemented by matrix of micrite
(Fig. 6b). The accessories are euhedral plagioclase (Fig. 5¢), short thin prismatic zircon crystals (Fig. 6c¢)
and rounded glauconite grains of medium size (Fig. 6a). Iron oxides are occasionally present as patches,
lining the fractures and coating the quartz grains (Fig. 6b). Magnetite, rutile, zircon, glauconite, hematite,
staurolite olivine and no chromite are recorded in both microfacies and unrecorded in the silica sand beds
(Hassaan et al., 2019).

Fig. 5: Photomicrograph showing a, b - fine to
coarse grained, monocrystalline quartz (mq) grains
with normal (ne) and wave (we) extinction. c:
small, euhedral plagioclase crystal.

Fig. 6: Photomicrograph showing a: glauconite
grains (PPL), b: iron oxides present as filling the
fractures of quartz grains or running parallel to
quartz boundaries, cemented by micrite matrix. c:
short thin prismatic zircon crystal cc, S.No 22 ,X.N.

Hassaan et al., (op.cite) recorded several geologic, sedimentological, mineralogical and geochemical
points of evidence beside the Maryut Pumice recorded in the Building Materials map (1998) expressing
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action of tectonic events developed rifts, basins, sedimentation in mixed river/marine water, and volcanic
activities associated with hydrothermal exhalation fluids. According to these authors, the Northern
Western Desert district, as a whole, was subjected during the Late Oligocene- Early Miocene to tectonic
events and fragmentation phases during the eastwards progressive propagation of West Gondwana in
North Africa from Morocco, Algeria, Tunisia to be ended by rifting and birth of ocean; the Red Sea.

According to Hassaan et al., (op. cite), the Early Miocene sand beds represent single stream sediments,
occasionally mixed from various provenances deposited in moderate energy multiple riverine /aeolian
environment with flood action, calcareous marine influence, long distance transportation, variable water
turbulence and velocity of current of deposition of the shallow marine/agitated fluvial sediments of inland
facies controlled by slopes of river beds in rifting basins considered by Issawi et al., (1999, 2009) from
Late Oligocene till Early Miocene (from Chattian, ca. 28.5Ma- top of Messinian, ca. 5.33Ma).

Effective Chemical Components

A total of 27 chemical analyses of the major oxides constituting the white sand silica shown in Table
(1) indicate that SiO, content ranges from 98.8 to 95 wt., %, Al,O; from 0.9 to 0.2 wt., % and Fe,O; from
1.71 to 0.3 wt., % except three samples for both. The ranges of the three oxides point to that the studied
silica sand requires undertaking some form of processing technique to upgrade them into marketable form.

Table 1-Chemical Composition of the Collected Silica Sand Samples

3 No Chemical Analysis
’ ’ SlOz A1203 FCQO3 CaO MgO SO3 KZO NaZO Cl
1 95.01 1.5 2.01 0.10 0.23 0.25 0.21 0.47 0.19
2 95.2 1.6 2.03 0.13 BLD 0.28 0.25 0.37 0.17
3 96.6 0.88 1.90 BLD BLD 0.13 0.07 0.27 0.19
4 94.49 1.85 2.03 BLD BLD 0.13 0.27 0.90 0.34
5 96.32 0.85 1.93 0.21 BLD 0.24 0.09 0.20 0.15
6 96.62 0.83 1.71 0.10 BLD 0.27 0.09 0.23 0.15
7 97.61 0.27 1.66 0.01 BLD 0.23 0.00 0.08 0.15
8 97.31 0.49 1.43 BLD 0.33 0.15 0.01 0.13 0.15
9 97.46 0.41 1.69 BLD BLD 0.17 0.00 0.11 0.15
10 98.68 0.36 0.32 0.20 BLD 0.13 0.00 0.14 0.18
11 98.20 0.12 1.36 BLD BLD 0.14 0.00 0.03 0.15
12 98.53 BLD 1.27 BLD BLD 0.05 0.00 0.00 0.14
13 98.60 BLD 1.19 BLD BLD 0.07 0.00 0.00 0.15
14 97.70 0.17 1.27 BLD BLD 0.59 0.13 0.00 0.15
15 97.16 0.77 1.41 0.13 BLD 0.12 0.07 0.17 0.16
16 98.04 0.23 1.33 BLD BLD 0.21 0.00 0.05 0.15
17 97.70 0.58 1.23 BLD BLD 0.13 0.04 0.16 0.16
18 97.38 0.60 1.42 0.03 BLD 0.18 0.05 0.16 0.16
19 97.19 0.90 1.35 BLD BLD 0.07 0.10 0.24 0.16
20 97.59 0.59 1.34 0.22 BLD 0.07 0.01 0.01 0.16
21 97.31 0.71 1.41 0.03 BLD 0.13 0.05 0.20 0.16
24 97.59 0.41 1.31 0.14 BLD 0.32 BLD 0.07 0.16
26 96.70 0.44 1.77 0.32 BLD 0.50 BLD 0.10 0.16
27 98.05 0.14 1.53 0.00 BLD 0.14 BLD 0.00 0.15
28 96.26 0.73 2.30 0.13 BLD 0.26 0.03 0.14 0.16
29 97.60 0.20 1.56 0.06 BLD 0.36 BLD 0.07 0.16
30 98.13 0.15 1.31 0.09 BLD 0.14 BLD 0.03 0.15

BLD — Beyond Limit of Detection of the applied XRF apparatus.
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The SiO,, Al,O;, Fe,0; contents discriminate three Grades I, 11, III given in Table 2 as follows:-

Grade I Si0, >98 wt. % 7 samples

Grade 11 Si0;, <98 wt. % ->97 wt. % 12 samples

Grade 111 Si0, <97 wt. % ->95 wt. % 8 samples.

Also, the three Grades I, I, III are distinguished from each other by A1203 and Fe2O3 contents as follows: -

Grade I ALOs from 0.35 to 0.14 wt. % averaging 0.14 wt. %.
Fe,O5 from 1.71 to 0.3 wt. % averaging 1.19 wt. %.

Grade 11 AlLO; from 0.8 to 0.2 wt. % averaging 0.54 wt. %.
Fe,05 from 2.3 to1.71 wt. % averaging 1.42 wt. %.

Grade III ALOj; from 1.84 to 0.4 wt. % averaging 1.09 wt. %.

Fe,O; from 2.3 to 1.71 wt. % averaging 1.96 wt. %.

Table 2- The Grades of the silica sand samples due to silica content

Chemical Analysis in wt., % Grade
8102 A1203 F6203 CaO MgO SO3 Kgo 8102 in wt.%

S. No.

10 98.70 0.35 0.32 0.20 0.00 0.13 0.00

11 98.20 0.12 1.36 0.00 0.00 0.14 0.00

12 98.52 | B.Y.D 1.27 0.00 0.00 0.05 0.00

13 98.60 | B.Y.D 1.19 0.00 0.00 0.07 0.00 | GradeI >98

16 98.04 0.22 1.33 0.00 0.00 0.21 0.00

27 98.05 0.14 1.53 0.00 0.00 0.14 0.00

30 98.13 0.15 1.31 0.09 0.00 0.14 0.00

97.60 0.27 1.66 0.01 0.00 0.23 0.00

8 97.31 0.50 1.43 0.00 0.33 0.15 0.01

9 97.50 0.40 1.69 0.00 0.00 0.17 0.00

14 97.70 0.17 1.27 0.00 0.00 0.59 0.13

15 97.16 0.80 1.41 0.13 0.00 0.12 0.07

17 97.70 0.60 1.23 0.00 0.00 0.13 0.04 Grade II <98 - >97

18 97.40 0.60 1.42 0.03 0.00 0.18 0.05

19 97.20 0.90 1.35 0.00 0.00 0.07 0.10

20 97.60 0.60 1.34 0.22 0.00 0.07 0.01

21 97.30 0.71 1.41 0.03 0.00 0.13 0.05

24 97.60 0.41 1.31 0.14 0.00 0.32 0.00

29 97.60 0.20 1.56 0.06 0.00 0.36 0.00

95.01 1.5 2.01 0.10 0.23 0.25 0.21

95.2 1.60 2.03 0.13 0.00 0.28 0.25

96.6 0.90 1.90 0.00 0.00 0.13 0.07

Grade III <97 - >95
96.32 0.85 1.93 0.21 0.00 0.24 0.09

1
2
3
4 94.50 1.84 2.03 0.00 0.00 0.13 0.27
5
6

96.61 0.82 1.71 0.10 0.00 0.27 0.09

26 96.70 0.44 1.77 0.32 0.00 0.50 0.00

28 96.30 0.73 2.30 0.13 0.00 0.26 0.03

BLD — Beyond Limit of Detection of the applied XRF apparatus

It is obvious that the three grades require some form of processing techniques to remove iron oxide and
clay minerals whenever possible, separation of heavy minerals, and whatever required, removal of each of
the grain size >600 pum, < 106 um and dust to match with the standard specification values (Fe,O; <0.03
wt. %). Meanwhile, Grade III requires removal of the grain size (< 0.106 um) by screening and removal
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of dust by washing with water to minimize AI203 content to the standard specification value (<0.6 wt.

%).

The distribution of the six grain size classes (Table 3) show that Grade I and II sand except that
represented by S. No. 12, 13 and S. No.14 respectively record high weight percentage of both grain size
classes <600 um - >106 pm to be recommended for industrial application. The grain size classes >600 um
for the silica sand represented by samples 12,13 of Grade I and 14 of Grade II possess high weight
percentage 49.98, 33.82 and 52.31wt. % respectively recommending combination of these grain size

Hassaan, et al

classes of the sand of such sites whenever possible on application in industry.

Table 3- Distribution of the six screened grain size classes.

Sample SiO, (in wt. %) Grain size classes in wt. %
No. Bulk sample >850 <850 ->710 | <710->600 <600- <300-> <106
pm pm pm >300 pm 106 pm pm
1 95.01 0.65 0.30 0.50 8.89 85.78 3.59
2 95.2
3 96.6 0.03 0.01 0.05 12.21 85.18 2.09
4 94.49 0.14 0.05 0.06 4.95 88.87 5.09
5 96.32 1.71 0.25 0.57 27.07 67.75 2.15
6 96.62 0.40 0.13 0.19 22.25 75.74 1.27
7 97.61 0.95 0.43 0.90 49.63 46.80 0.73
8 97.31 1.31 0.76 1.30 49.95 45.84 0.34
9 97.46 0.52 0.16 0.35 39.88 57.93 0.68
10 98.68 0.47 0.41 0.76 54.14 43.75 0.10
11 98.20 0.83 0.69 1.52 79.04 17.56 0.13
12 98.53 17.82 13.43 18.73 47.01 2.08 0.03
13 98.60 7.58 10.11 16.43 60.96 4.28 0.14
14 97.70 32.43 9.78 10.10 39.96 7.15 0.10
15 97.16 0.10 0.01 0.07 30.50 68.10 0.32
16 98.04 0.19 0.02 0.11 70.79 28.21 0.20
17 97.70 0.85 0.70 1.64 46.65 49.61 0.43
18 97.38 1.56 1.00 1.80 47.44 47.66 0.10
19 97.19 0.10 0.01 0.10 37.40 61.51 0.28
20 97.59 2.19 1.77 3.17 41.59 50.68 0.38
21 97.31 0.48 0.17 0.34 25.80 72.43 0.47
24 97.59 1.15 0.83 1.85 56.09 38.90 0.80
26 96.70 0.48 0.14 0.38 47.62 49 .82 0.97
27 98.05 5.01 4.76 11.75 58.68 18.40 1.02
28 96.26 0.87 0.13 0.14 13.62 83.36 1.87
29 97.60 5.61 2.00 4.00 64.38 22.47 0.81
30 98.13 475 3.20 5.07 56.10 29.90 0.70

Results of Screen Analysis

Screening of composite samples of every grade

The results of chemical analysis of the grain size classes<600 pm ->106 pm of two screened samples
which represent Grade II and Grade III are given in Table (4). The results show the increase of silica and
relative decrease of the contents of Fe,Os, TiO,, Al,O;, CaO and K,O pointing to probable upgrading the

two grades.
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Table 4- Chemical analysis of the grain sizes <600 pm ->106 pm of two samples represent Grade II and
Grade I1I.

Complete Chemical Chemical Composition of the Grain Size
Major Oxides Composition of Samples No. <600 pm ->106 pm of Samples No.
11 Grade II 28 Gradelll 11 Grade II 28 Gradelll
SiO, 97.85% 93.17% 98.20% 96.20%
Fe, 04 0.19% 1.05% 0.18% 0.75%
AL O, 1.05% 2.09% 0.80% 1.19%
TiO, 0.11% 1.06% 0.10% 0.71%
CaO 0.01% 0.03% 0.40% 0.63%
K,0 0.29% 0.42% 0.30% 0.36%

The obtained results of screening samples of each chemical grade indicate the distribution of the grain
size classes >600 pm, <600 pm ->106 um, and <106 pum and given in Table (5). It is seen that the grain
size <600 um ->106 um is the most dominant. However, four samples from the seven of Grade I show
abundant weight percentage of the grain size classes >600 um ranging from 43.98 to 13.02 wt., %. Only
three samples 12, 13 of Grade I and 14 of Grade II recorded abundance of this grain size ranging from
52.31 to 11.61 wt., %, while these grain size classes of the eight samples of Grade III do not show
exceptional values. Therefore, the calculated averages of the three grain size classes given in Table (6)
must be considered on application of this silica sand in various industries.

Table 5: The weight percentages of the grain size classes > 600 um, <600um - >106 pm, < 106 pm of the
samples of each Grade

Sieve Analysis in wt.,%
Sample No. <600 pm - Total Chemical Grade
>600 pum >106 ym <106 pm

10 1.64 97.89 0.10 99.63

11 3.04 96.60 0.13 99.77

12 49.98 49.09 0.03 99.10

13 34.12 65.24 0.14 99.50 Grade T
16 032 99.00 0.20 99.52
27 21.52 77.08 1.02 99.62

30 13.02 86.00 0.70 99.72

7 228 96.43 0.73 99.44

8 337 95.79 0.34 99.50

9 1.03 97 81 0.68 99.52

14 5231 47.11 0.10 99.52

15 0.18 98.60 0.32 99.10

17 319 96.26 0.43 99.88

18 436 95.10 0.10 99.56 Grade I1
19 021 98.91 0.28 99.40
20 713 9227 038 99.78
21 0.99 98.23 0.47 99.69
24 383 94.99 0.80 99.62
29 11.61 86.85 0.81 99.27

1 1.45 94.67 3.59 99.71

2 1.20 9430 410 99.60

3 0.09 97.39 2.09 99.57

4 0.25 93.82 5.09 99.16

B 253 94.82 2.15 99.50 Grade [T
6 0.72 97.99 127 99.98
26 1.00 97.44 0.97 99.41
28 114 96.98 1.87 99.99
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Table 6- The averages of the weight percentages of the three grain size classes

Hassaan, et al

Sieve Analysis Wt.% Chemical
> 600 um < 600um - >106 um <106 um Specification
17.66 81.56 0.33 Grade |
7.54 91.53 0.45 Grade I1
1.08 95.70 2.83 Grade 111

Washing for Removal of Deleterious Impurities
Washing with shaking and decantation with normal water

Weighed 50 g of the grain size classes <600 pm ->106 pum of each of the three prepared composite
samples is washed using normal water with shaking, settling and decantation for several times. The weight
of the washed samples of the three grades I, II, III are 49.68, 49.91, 49.20 g respectively pointing to that
the loss/50 g on washing is 0.32, 0.09, 0.8g, and loss is 6.4, 1.8, 16.0 kg/ton respectively.

The chemical analyses of the grain size <600 um ->106 um of each of the three composite samples of
the three grades after washing compared to the calculated averages (Table 8) show obvious decrease of
silica and alumina contents of each of the Grades I and II and no practical change of silica content of
Grade II1. This is referred to the exceptional high content of the grain size > 600 pm in some samples of
each of both grades I and II. In consequence, detailed grid pattern of sampling is recommended before
exploitation. The sharp decrease of iron oxide and CaO contents of the three grades I, II, III after washing
(times 0.39, 0.32, 0.18 and 0.46, 0.35, 0.016 respectively) can be considered valuable to conform to the
standard values (Table 9) and to be suitable approach for upgrading.

Table 7- Chemical analyses of the three grain sizes <600 - >106 um composite samples after washing
and their calculated averages.

Major Oxides Complete Analysis (after)
Grade [ Grade 1 Grade 111
SiO, 93.58% 94.77% 95.28%
Fe,0; 0.46% 0.48% 0.49%
AlLO; 3.13% 2.30% 2.05%
TiO, 0.26% 0.40% 0.30%
CaO 0.0190 0.0180 0.017
K,O 0.76% 0.53% 0.50%
Table 8- The calculated averages of the chemical analyses of the three grades.
Calculated Averages

Major Oxides Grade | Grade 11 Grade 111
Si0, 98.32% 97.47% 95.%
Fe,0; 1.18% 1.42% 2.67%
Al,O, 0.19% 0.51% 1.08%
TiO, n. d. n. d. n. d.
CaO 0.041% 0.051 0.14
K,O BLD 0.038% 0.12%

Washing with shaking and decantation after settling of
the sand size by 2% and 5 % dilute HCI acid solution.

Each weighed 50 g of the grain size <600 ->106 pum of the three prepared composite samples is washed
by 2% followed by 5 % dilute solution of HCI acid with continuous shaking and decantation after settling
of the sand size several times. The weight of the washed samples of the three grades I, II, IIT are 49.01,
49.51 and 48.81g respectively pointing to that the loss/50 g on washing 0.99, 0.49, 1.19 g, consequently
loss/ton is 19.8, 9.8, 23.8 kg/ton respectively.
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Table 9- Chemical analyses of the three composite grain size classes <600 - >106 pm samples after
washing with dil. HCI solution and the calculated averages, (see Table 8).

. . Complete Analysis (after)
Major Oxides Grade [ 5 Grade }III Grade II1

SiO, 95.61% 96.21% 95.55%
Fe,05 0.12% 0.36% 0.31%
AlLO, 2.09% 1.98% 1.46%
TiO, 0.15% 0.72% 0.70%
CaO 0.016% 0.025% 0.012%
K,0 0.42% 0.65% 0.40%

The chemical analyses of the three composite grain size classes <600 pm ->106 um of the three grades
after washing compared to the calculated averages (Table 8) show obvious decrease of silicon, iron and
calcium oxides, increase of potash and alumina contents of each of the three grades with no practical
change of silica content of Grade III. This is referred to the exceptional high content of the grain size
classes > 600 p in some samples of each of both grades I (samples No. 12, 13) and II (sample No. 14). In
consequence, detailed grid pattern of sampling is recommended before exploitation. The sharp decrease of
iron oxide and CaO contents of the three grades I, I, Il after washing (times 0.39, 0.32, 0.18 and 0.46,
0.35, 0.016 respectively, Table 9) can be considered valuable the studied silica sand to conform to the
standard values (Table 10) and to be suitable approach for upgrading.

MULTI MIN EGYPT FOR MINING
SGS MINERALS

Table 10 — Standard values of Chemical Specifications

Chemical Chemical Analysis
Specifications SiO, AlLOs Fe, 04 CaO MgO L.O.I Moisture
Type no.(1) 99.59 0.153 0.012 0.022 0.003 0.16 0.03
Type no.(2) 99.59 0.3 0.018 0.021 0.003 0.16 0.03
Type no.(3) 99.42 0.5 0.035 0.027 0.003 0.23 0.03

ECONOMIC POTENTIAL AND CONCLUSIONS

The sand beds of white color 3-20 m thick cover an area extending from longitudes 29°22"30" to
29°00"00" E and attaining its maximum thickness at Mongar El-Sanab - Monqar El-Raml area. Its area
reaches about 120 million cubic meters which equal about 204 million tons. These figures point to the
economic potential of the area between Gebel Hegif in the east and Dir El-Ressiw. Different grades of
silica sand are usually not interchangeable in use, the present investigation studied in detail a combination
of factors. These are geologic features, chemical constituents, grain size distribution, deleterious mineral
impurities and physical properties of the silica sand beds exposed in Mongar El-Sanab - Mongar El-Raml.
area at which these beds attain its maximum thickness (20 m) to evaluate the suitability of these silica
sand beds and probable upgrading to conform to standard specifications for glassmaking, industrial,
horticultural, leisure and foundry casting applications. The investigation reached to the following
conclusions: -

1-The consolidated and very compact ferruginous sandstones comprise calcareous quartz arenite and
ferruginous calcareous quartz arenite. Both consist chiefly of >90% quartz (SiO, >95 wt. %), fine to
coarse, rounded to sub-angular occasionally fractured grains. Magnetite, rutile, zircon, glauconite,
hematite, staurolite, olivine and no chromite are recorded in both microfacies. These opaque minerals
are not recorded in the silica sand beds.

2-The SiO, content discriminates the silica sand into three Grades: I > 98, II <98 -> 97, Il <97- > 95 wt.
% and as well contents of Al,O5: 0.35 - 0.14, 1.71- 0.3; 0.8- 0.2, 2.3-1.71; and Fe,05:1.84- 0.4, 2.3 -
1.71 wt. %.
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3-The 3 grades record highest weight percentage of the size <600 um - >106 pum to be considered suitable
for upgrading the sand. Exceptional samples of Grades I, II exist where the sizes >600 um possess high
wt. % to recommend combination of these size classes > 600 pm of the sand from the sites of such
samples on exploitation.

4-The washing of the sizes <600 um - >106 pm produced sharp decrease of Fe,O;, CaO contents of the
three grades (times 0.39, 0.32, 0.18 and 0.46, 0.35, 0.016).

5-Loss on washing with water is 6.4, 1.8, 16.0 kg/ton and with 2 and 5% HCI solution 6.4, 1.8, 16.0 kg/ton
to be considered an approach of suitable upgrading.

In consequence, the silica sand beds exposed in Qarat Somarah region are promising target to be
recommended for detailed exploration and application of some form of processing techniques.
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