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Processing and Beneficiation Methods
Improvement of Properties of Some Industrial Rocks Using Magnetic Separation Method
Before investing any deposit, the following four steps have to be carried out:
1.
2.
3.
4.

Locating the deposit and studying its geologic nature.
Evaluating the deposit (physical, chemical and mechanical properties).
Extracting the deposit (by either open-pit method or underground method).
Processing and beneficiation of deposit.

The aim of processing and treatment is to make the raw material within the required specifications of the
industry concerned by the removal of impurities. The processing leads to upgrade and increase the
reserves of raw material.
خ١ اٌزٕم.ائتٛخ ِٓ خالي اصاٌخ اٌش١ٕثخ ٌٍظٕبػخ اٌّؼٍٛاطفبد اٌّطٌّٛخؼٍٗ ػّٓ اٚ َاد اٌخبٌّٛٓ ا١ ٌزسغٛ٘ اٌّؼبٌدخٚ خ١ذف ِٓ اٌزٕمٌٙا
. َاد اٌخبٌٍّٛ ٟبؽ١ّخ االزز١بدح ل٠صٚ دحٛسفغ اٌدٚ ٌٝ اٞاٌّؼبٌدخ رئدٚ
Companies usually do processing and beneficiation of low quality materials in order to use them by
industry. Thus, the main point of doing processing and beneficiation is to improve the quality and increase
reserve of the raw materials.
Purification and treatment lead to raise the quality and increase the value of reserves of raw materials. The
nature of the raw material must be considered before determining which processing method should be
used (e.g., sieving, grading and classification, gravity method or magnetic separation etc).
.مخ اٌّؼبٌدخ٠ذ ؽش٠ؼخ اٌشاعت لجً رسذ١دت دساعخ ؽج٠
The physical properties of mineral constituents (grain size, particle shape such as platy, equant granular,
angular), magnetic susceptibility and density of minerals have to be studied. Thus, the physical properties
of mineral constituents are used as a mean to improve the raw material by separating one mineral from
another.
.دح اٌشاعتٛٓ خ١ٍخ ٌزسغ١عٛخ و١بئ٠ض١اص اٌفٛرغزخذَ ٘زٖ اٌخ
Q: How we could identify the constituents of raw material?
A: By using microscope and X-ray diffraction (XRD).
Most industrial minerals and rocks require processing and beneficiation prior to their marketing.
.ب ِٓ لجً اٌظٕبػخٌٙاعزؼّبٚ بٙم٠ٛخ لجً ثزغ١اٌزٕمٚ  اٌّؼبٌدخٌٝخ رسزبج ا١س اٌظٕبػٛاٌظخٚ ْ ِٓ اٌّؼبدّٝخ اٌؼظ١اٌغبٌج

For example; silica sand that contain iron oxides greater than (0.035%) cannot be used for the make of
colorless glass.
Processing and beneficiation of raw materials include: crushing and grading, sieving and size
classification, washing, drying, hand magnet (magnetic separation) and gravity separation (using heavy
liquids).
ْثبٚوزٌه رٚ ِٗٓ لجً اعزخذا١ ؽٍٝ ػٞٛس٠ ٞ اٌزٞشٌٕٙدت غغً اٌشًِ ا٠ ً ِثال، َلذ رزطٍت اٌّؼبٌدخ أوثش ِٓ ِشزٍخ لجً االعزخذا
ّٓب ػٍٙخؼٚ بٙدت ِؼبٌدز٠ ًٓ ارا١ ِؼٟج١ زدُ زجٌٝ وزٌه لذ رسزبج اٌظٕبػخ ا.ًِاخذ ِغ اٌشٛب ػٕذِب رزِٕٙ اٌزخٍضٚ األِالذ
.ثخ ٌٍظٕبػخٍٛاطفبد اٌّطٌّٛا
Processing and treatment may require more than one stage before use. For example, river sand must be
washed because it contains clay and soluble salts which usually exist in sand deposit. The industry may
require a limited range of size, so the material must be processed to make it within the specifications of
the industry.
ً  ِثٟج١ اٌشىً اٌسجٍٝبْ رؼزّذ اٌّؼبٌدخ ػ١ ثؼغ األزٟف
ٓ فّٓ اٌّّىflaky خ١ب طفبئسٌْٙ أشىبٛ رىٟاٌزبٌه اٌزٚ ىب٠اٌّبٚ ذ١ال اٌىشاف
عسمٕب٘بٚ ائتٛ ٘زٖ اٌشٍٝ ػٞٛسز٠ َاد اٌخبٌّٛق ِٓ اٛ فّثالً ػٕذ اخز ِغس.ٜٔبد االخشٛب ػٓ اٌّىٌٙخ ٌؼض١اعزغالي ٘زٖ اٌخبط
جبد١ؤخز اٌسج١بس ع١اء فبْ ٘زا اٌزٛ٘ ٚبس ِبء أ١ٗ ر١ٍٕب ػٙخٚٚ خ١ فزسخ خبٔجٚرٚ ٗ ِبء١ فconical flask ٟسق صخبخٚ دٟػؼٕب٘ب فٚٚ
.بٙ١ فٝرجمٚ خ األثؼبد عزغمؾ أعفً اٌضخبخخ٠ٚجبد اٌّزغب١ّٕب اٌسج١ ثٟسق اٌضخبخٚب ِٓ اٌذٙخشخ٠ٚ خ١اٌظفبئس
The processing method depends on the granular shape (for example, graphite, mica and talc which exist in
flaky shapes). This property can be used for isolating these minerals from other components of the rock.
When a powder of raw materials that contains such impurities is taken, it is ground and put in a glass
conical flask containing water with a side slit, and water or air stream is blown. This stream will take the
flaky grains out of the flask while the equidimensional grains will fall on the bottom of the flak and retain.
Forth Floatation method )ُ٠ٛ (اٌزؼٛمخ اٌطف٠ؽش
Heavy minerals can be separated from light mineral by the use of heavy liquids:
Heavy liquid

specific gravity

Bromoform

2.89

Tetrabromoethane

2.96

Methylene Iodide

3.32
.ائتٛاٌشٚ َاد اٌخبٌّٛ ٟػٌٕٛصْ اٌٛائً زغت اٛزٖ اٌغّٙىٓ اٌزسىُ ث٠ٚ

These liquids can be controlled by the specific gravity of raw materials and impurities.
ٌٝء اٛ اٌٍدٌٝ اٜبدح ػذد اٌغىبْ ِّب أد٠صٚ ذ٠الن اٌّزضاٙدخ االعز١رمً ٔزٚ ذح ثذأد رٕؼت١خ اٌد١س اٌظٕبػٛاٌظخٚ ْش ِٓ اٌّؼبد١وث
.خ١ٕثخ ٌٍظٕبػخ اٌّؼٍٛاطفبد اٌّطٌّٛ رظجر ػّٓ اٟب ٌىِٙؼبٌدزٚ بٙز١ذح ) ٌزٕم١ش اٌد١خ ( غ١ٔبد اٌّزذ١ػٌٕٛا
Many good industrial minerals and rocks began to exhaust as a result of the increase in the consumption
and the increase in population which led to the use of low quality materials and then the need to purify and
process them to put them in the required specifications of the industries.

ذ٠خ ٌٍؼذ١ثبد األعبعٌٍّٛ رؼذ ِٓ اiron and titanium impurities َ اٌشبئجخٛ١ٔزب١ اٌزٚ ذ٠ش ِٓ اٌسبالد فبْ اٌّؼبدْ اٌسبٍِخ ٌٍسذ١ وثٟف
)Magnetic Separation ٟغ١مخ (اٌؼضي اٌّغٕبؽ٠ؼشف ثطش٠  ِبٌٝء اٛ اٌٍدٟ٘ ادٌّٛمخ إلصاٌخ ٘زٖ ا٠اْ أفؼً ؽشٚ خ١ٌٚاد األٌِّٛٓ ا
.High Extraction Magnetic Filtration (HEMF) خ١ٕثبعزخذاَ رم
In many cases, iron and titanium impurities are the main pollutants in many raw materials. The right way
to remove these impurities is by using magnetic separation method (the technique of High Extraction
Magnetic Filtration (HEMF)). In this technique, magnetic and paramagnetic minerals which have a very
low magnetic susceptibility can be removed. Examples on such minerals are kaolin clays, bauxite,
bentonite, silica sand, talc etc.
ٓ١ٌٚبْ اٌىبإ١خ ِثً أؽ١س اٌظٕبػٛاٌظخٚ ْذ ِٓ اٌّؼبد٠خ ِٓ اٌؼذ١غ١اٌجبساِغٕبؽٚ خ١غ١ اصاٌخ اٌّؼبدْ اٌّغٕبؽٍٝخ ػ١ٍب اٌمبثٌٙ خ١ٕ٘زٖ اٌزم
.ٖ آخشٌٝخبِبد اٌزبٌه اٚ ٟى١ٍاٌشًِ اٌغٚ ذ٠ٔبٛإٌجزٚ ذ٠وغبٛخبِبد اٌجٚ
ذ٠ب ِٓ خالي اصاٌخ اٌسذٙز١ػٛٔ ٓ١رسغٚ ) ذح١ش اٌد١دح وً ِٓ اٌخبِبد اٌغبثمخ (غٛخ سفغ خ١ٔ اِىبٍٝ( ػHEMF) مخ٠دًٌ ارجبع ؽش
.َٛ١ٔزب١اٌزٚ ذ٠اٌّؼبدْ اٌسبٍِخ ٌٍسذٚ َٛ١ٔزب١اٌزٚ
The method of (HEMF) demonstrated the possibility to upgrade these raw materials and improve their
qualities by removal of iron and titanium-bearing minerals.
Terms used to describe magnetic properties of mineral and rocks are:
1. Ferromagnetic: these mineral and rocks strongly attract to magnetic field. ظ١ اٌّغٕبؽٛح ٔسٛرٕدزة ثم
2. Paramagnetic: these mineral and rocks weakly attract to magnetic field. ظ١ اٌّغٕبؽٛرٕدزة ثؼؼف ٔس
3. Diamagnetic: these mineral and rocks are repelled by magnetic field. ظ١رٕفش ِٓ اٌّغٕبؽ
ؼضي٠ Magnetite ْ فّثالُ ِؼذ. َاد اٌخبٌّٛخ ِٓ ا١غ١ثخ ػضي اٌّؼبدْ اٌّغٕبؽٛ طؼٌٚخ أٛٙؼذ اٌّفزبذ ٌغ٠ ْخ ٌٍّؼبد١غ١خ اٌّغٕبؽ١ٍاٌمبث
. Ferromagnetic خ١غ١ِغٕبؽٚش١ؼذ ِٓ اٌّؼبدْ اٌف٠ٚ ْزا اٌّؼذٌٙ خ١ٌخ اٌؼب١غ١دخ اٌّغٕبؽ١اد اٌخبَ ٔزٌٌّٛخ ِٓ اٛٙثغ
Magnetic susceptibility of minerals is the key to the possibility (easy or difficult) to isolate the magnetic
minerals from the raw materials. For example, magnetite can be easily isolated due to its high magnetic
susceptibility as it is a ferromagnetic mineral.
ظ١اد اٌخبَ ثبعزخذاَ اٌّغٕبؽٌّٛ ف ّٓ اٌظؼت ػضٌٗ ِٓ اlow magnetic susceptibility اؽئخٌٛخ ا١غ١ اٌّغٕبؽٚ رPyrite ذ٠شا٠أِب اٌجب
بٙ١ٌ رٕدزة اٞ أ20 kilogauss ٌٝظً ا٠ ً اعؼبٚ ً ب١غ١خ ِدبالً ِغٕبؽ١ٕزٖ اٌزمٌٙ ْ( ار أHEMF) خ١ّٕىٓ ػضٌٗ ثبعزخذاَ رم٠ ٓ ٌى،ٞٚذ١ٌا
.ًخ خذا١ٌ اٌؼبٌٍٝخ خذاً ا١ٍخ ل١غ١ب اٌّغٕبؽٙز١ٍ لبثٟاد اٌزٌّٛا
Pyrite which has a low magnetic susceptibility is difficult to isolate from raw material by hand magnet but
it can be isolated by (HEMF) as this technique has a strong magnetic field that reaches to 20 kilogauss,
and so both the low and high magnetic susceptibility minerals can be attracted by it.
خ١غ١ِغٕبؽٚش١ٗ وً اٌّؼبدْ اٌف١ّىٓ أْ رغزخٍض ف٠ خ ِٕبعجخ١ِٕبص ٌّذح صٙ اٌدٟخ ف١ٌٚاد األٌّٛرشن اٚ ٟغ١ك ٘زا اٌّدبي اٌّغٕبؽ١ػٕذ رطج
. خ١غ١اٌجبساِغٕبؽٚ
When magnetic field is supplied and leave the raw materials in the apparatus for a reasonable period of
time, the ferromagnetic and paramagnetic minerals can be removed.

Sample preparation : تهيئة النموذج
ث رزسشس١ذاً ثس١ح خٍطب ً خ٠خٍؾ اٌّض٠ٚ  ِبء%03 - %52  ِٓ اٌّبدح اٌخبَ ِغ%03 - %52 ٌٟاٛؤخز ز٠ٚ َؽسٓ ِبدح اٌخبٚ ش١زُ رىغ٠
.ٟغ١بص اٌؼضي اٌّغٕبؽٙػغ داخً خٛ٠ ُوً ِبدح اٌخبَ ث
The sample of raw material must be crushed, then (25-30%) of the raw material is mixed thoroughly with
(65-70% water). This mixture is called "slurry" which is then placed inside the magnetic separator.
بٙ١ٌب ِثالً ثبػبفخ اٌسبِغ اٙ اصاٌزٌٝسزبج ا٠ ٘زاٚ بصٙ ثؼذ اخشاخٗ ِٓ اٌدٝ ززIron Staining ذ٠ طجغخ ِٓ اٌسذٍٝ اٌّبدح ػٞٛسز٠ لذ
.بٍٙ٠ض٠ٚ ذ٠زفبػً ِغ طجغخ اٌسذ٠ ٞاٌزٚ (H2SO4 (وسبِغ
Raw materials may contain iron stain even after removing them from the separator, and this needs to be
removed by leaching with (H2SO4) which reacts with the iron stain and remove it.
The parameters that can be controlled in the apparatus during separation process are: retention time,
intensity of magnetic field, velocity of slurry entering the apparatus, repeating the process more than one
time, using of finer powder and increasing the water/powder ratio in the sample.
وزٌهٚ بصٙ ااٌدٟرج فٌّٕٛ صِٓ ثمبء اٟ٘ خ اٌؼضي١ٍّ اثٕبء ػٟاد اٌخبَ فٌّٛ اٍٝطشح ػ١اٌغٚ بصٙب ثبٌدٙ ِٓ اٌّّىٓ اٌزسىُ ثٟاًِ اٌزٛاٌؼ
بدح ٔغجخ اٌّبء٠صٚ ُق ٔبػٛاعزخذاَ ِغسٚ خ اوثش ِٓ ِشح١ٍّاػبدح اٌؼٚ بصٙ اٌدٌٝ اSlurry ادٌّٛي اٛعشػخ دخٚ ٟغ١شذح اٌّدبي اٌّغٕبؽ
.رجٌّٕٛ اٟق فٛ اٌّغسٌٝا

Bauxite: is an ore of aluminum. Bauxites minerals are (Gibbsite, Boehemite and Diaspore). These
minerals are aluminum hydroxide Al(OH)2. Impurities usually exist with bauxite are siderite, goethite and
hematite which are composed of (Ti) and (Fe).
ًاٌزآوٚ ِزٗ ٌٍسشاسحٚذ ِٓ ِمب٠ض٠ٚ حٛ اػطبئٗ اٌمٍٝؼًّ ػ٠ ٓ ِّب١ٍسعٛاع اٌجٛٔغ ثؼغ أ١ٕ رظٟذخً ف٠ٚ Al َٛ١ٌّٕذ خبَ ٌأل٠وغبٛؼذ اٌج٠
ٟ ألْ اٌّؼبدْ اٌزFeٚ Ti َٛ١ٔزب١اٌزٚ ذ٠خ ِٓ اٌسذ١ٌْ خبٛدت أْ رى٠ ٟاٌزٚ بد٠ ػًّ اٌسشاسٟذخً ف٠  وّب،اٌزمششٚ ًاٌظمٚ إٌسذٚ
 رسًّ دسخبدٍٝبد ػ٠خ اٌسشاس١ٍ خفغ لبثٍٝب رؼًّ ػٙٔ أٞ أ،بٙدت اصاٌز٠ٚ )Flux) شحٙاد ِظِٛ  ٘زٖ اٌؼٕبطش رؼذٍٝ ػٞٛرسز
.بٙثؼذ اخشاخٚ بصٙب ٌٍدٌٙٛ لجً دخSlurry ٟ فFe ٚ Ti ض١مبط رشو٠ٚ .بسٙ االٔظٌٟثبٌزبٚ خ١ٌاٌسشاسح اٌؼب
Bauxite is used in the manufacture of some types of porcelain to give them strength and to increase their
resistance to heat, corrosion, polishing and exfoliation. It is also used in the manufacture of refractories
which must be free from (Ti) and (Fe). Minerals that contain these elements are considered "fluxes" and
must be removed because they reduce the ability of these materials to resist the high temperatures and
fusion. Ti and Fe concentration are measured in the slurry before they enter the separator and after they
exit it.
Silica Sand:
ذٚ رزشاquartz اسرضٛ شىً وٍٝىب ػ١ٍخ ِٓ اٌغ١ٌ ٔغجخ ػبٍٝ ػٞٛس٠ ٞخ ٌخٍطخ سًِ اٌضخبج اٌز١ٔبد األعبعٛ ِٓ اٌّىٟى١ٍؼذ اٌشًِ اٌغ٠
ٟى١ٍغزؼًّ اٌشًِ اٌغ٠ٚ .ذ٠ض اٌسذ١ع اٌضخبج رضداد ِغ لٍخ رشوٛأْ دسخخ ٔظٚ ،ائتٛب ِٓ اٌشٙز١دت رٕم٠ ِغ ٘زاٚ % 55.9 – 52 ٓ١ث
.ًألغشاع اٌظمٚ Ceramics خ١ى١ِشا١اد اٌغٌّٛ خٍطخ اٟوّبدح اٌخبَ فٚ خ٠شاد اٌفٍضٙاٌت ٌظت إٌّظٛوم
Silica sand is one of the main components of sand glass mixture which contains a high proportion of
quartz (95 - 99.8%). However it must be cleaned from impurities. The degree of brightness of glass
increases with the decrease of (Fe) concentration. Silica sand is used as molds for pouring metal fuses and
also as a raw material in ceramics mixtures and for polishing.
Kaolin:
Kaolin is a rock composed mainly of kaolinite. It is used as filler in ceramics and paper industry to fill the
pore spaces between the cellulosic fibers that form the structure of paper, and it is also used as fibercovering material. Beside that it is used in pigments, plastics, rubber, cosmetics, medicines and white
cement industry.
بف١ٌٓ األ١ ٌٍّئ اٌفشاغبد ثfiller حٛسق وسشٌٛطٕبػخ اٚ ه١ِشا١ اٌغٟغزخذَ ف٠ٚ ذ٠ٕب١ٌٚغخ ِٓ ِؼذْ اٌىبإ١سح سئٛٓ ثظ١ٌٚزؤٌف اٌىبإ٠
ً١ِّغزسؼشاد اٌزدٚ اٌّطبؽٚ ٓاٌٍذائٚ  طٕبػخ األطجبؽٟغزخذَ وزٌه ف٠ٚ .بف١ٌخ ٌأل١وّبدح ِغطٚ سقٌٛىً ا١ٌٙ ٔخٛخ اٌّى٠صٍٛ١ٍاٌغ
.غ١االعّٕذ األثٚ خ٠ٚاألدٚ
We can see from the given data that the brightness increases with decreasing of (Ti) and (Fe). HEMF
technique is applied to improve the degree of brightness. Control Sample represents the sample before
processing.
.َػخ اٌّبدح اٌخبٛبدح دسخخ ٔظ٠خ ٌض١ٕرغزخذَ ٘زٖ اٌزمٚ .ذ٠اٌسذٚ َٛ١ٔزب١ اٌزٜٛػخ رضداد ِغ أخفبع ِسزِٛٓ خالي إٌزبئح ٔالزظ اْ إٌظ
.رج ِب لجً اٌّؼبٌدخٌّٕٛ اٛ٘ )طشح١رج اٌغّٛٔ(مظذ ة٠ٚ
Retention time is the time of leaving the sample inside the apparatus.

.بصٙرج داخً اٌدٌّٕٛ صِٓ رشن اٛ٘ صِٓ االثمبء
Problem: The following table shows the effect of retention time on the purity of three industrial rocks
using wet-type magnetic separator:
Retention
Time

Control
Sample
0 sec.
30 sec
1 min.
2 min.
Specification

Bauxite
Fe %
Ti %

Silica Sand
Fe %
Brightness %

Fe %

Kaolin
Ti %
Brightness %

7.42

1.6

0.043

86.5

0.58

0.46

67.2

1.05
0.86
0.79
< 0.8

0.79
0.62
0.38
< 0.6

0.030
0.024
0.022
< 0.035

89.6
89.6
90.1
---

0.47
0.42
0.40
< 0.45

0.40
0.34
0.30
< 0.45

71.2
72.0
73.0
---

Required:
Q1): Draw the relationship between iron, titanium and brightness (on Y-axis) and time (on X-axis) for the
three rocks.
Q2): From the relationships above, define the acceptable retention time in the industry.

