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Clarification
It is the processes that involve the separation of a solid from a fluid, or a fluid from 

another fluid.

The main reasons for clarification are:
• To remove unwanted solid particles droplets from either a liquid product or air.
• To collect the solid as the product itself (crystallization, precipitation). 

Clarification can be achieved by filtration or centrifugation.

Filtration is frequently the method of choice for sterilization of solutions that are unstable 
under heating conditions.

Sterile filtration of liquid and gases is a commonly used method in pharmaceutical 
industry.
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ال clarification ھي عملیھ فصل المواد عن بعض (نفصل solid عن liqiud او نفصل 
liqiudعن gas وغیرھم) مثلا عندك solutionفیھ solid و liquid بس انا بدي الsolid لحالھ او 

liqiud لحالھ فبستخدم ھاي العملیة

خلال عملك بالمجال الصیدلاني ممكن تعمل solution or liqiud وخلال عملیھ التصنیع بنتج عندك solid فانت بدك تتخلص 
منھ(ھذول الsolid particel ممكن یكونو مش ذائبین او ممكن یكونوexcepient وضلو وبدي اتخلص منھم)مرات بكون 

fluidize bedزي ال gas لما یكونو معلقین ب solid particelبكون بدي اتخلص من ال
حیث الھوا الي لازم یدخل لازم یكون مفلتر 

بالنسبھ الsolid ممكن بدي افصلھ عن liqiud زي مثلا عندي solid ب liqiud فبعمل crystalization و 
precipitionلاحصل على ال solid لحال

الطرد المركزي عن طریق اني اجیب المادتین الي بدي افصلھم واحطھم بتلجھاز واخلیھ یلف 
بسرعة عالیة تاثیر الدوران علیھم رح یكون مختلف فال phase الي في كتلھ اكثر رح الاقیھ 

تأثر اكثر

مثلا بدي اعمل تعقیم لsolutionمعین وھو sensitive to heat فما وبقدر استخدم 
autoclave فممكن استخدم folter یمرق الsol وما یمرق الbacteria فھیك عملت 

sterilization filterبنفصل ال)larg scaleاشي شائع بال filtrationباستخدام ال sterilizaionعملیھ ال
حیث حجمھ یكون اصغر من البكتیریا)
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Filtration
The following terms are used in filtration:

• The mixture of solid and liquid intended for 
filtration is referred to as feed, suspension, 
dispersion, influent or slurry.

• The clarified liquid passing through the filter is 
known as effluent or filtrate.

• The accumulation of solid over filter is known as 
cake.
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Types of Filtration

Solid/fluid filtration
• The separation of an insoluble solid from a fluid by means of a porous 

medium that retains the solid but allows the fluid to pass.
• It is the most common type of filtration encountered during the 

manufacture of pharmaceutical products.
• It may be divided to:

– Solid/liquid filtration
– Solid/gas filtration
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ھسا بدنا ننتبھ للمصطلحات لما نحكي اشي من 1 ل5 
بكون بقصد انھ mixture وھو بكون الي بدي اعملھ 

filtration

بس خلصت عملیھ الfiltration وینزل السائل لتحت (الي تفلتر) رح اسمیھ  1,2

cake فرح یكون اسمھ filterعلى ال solid برضھ رح یضل filtrationھیا بعد ال

liqiudاو ال solidباخذ الي بدي ایاه باخذ ال filtrationبھد ال

gas or liqiud عن solid یعني بدي افصل
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Types of Filtration
Solid/liquid filtration
The applications of solid/liquid filtration in pharmaceutical processing include:
A. Improvement of the appearance of solution, mouthwashes etc.
B. Removal of solid particles that may block certain instruments like HPLC columns
C. Removal of potential irritants (ex. from eye drops).
D. Recovery of desired solid material from a suspension or slurry (ex. after 

crystallization process).
E. Sterilization of liquid or semisolid products.
F. Detection of microorganisms present in liquids by analyzing a suitable filter on 

which the bacteria is retained.
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Types of Filtration
Solid/gas filtration
The applications of solid/gas filtration in pharmaceutical processing 

include:
• The removal of suspended solid particles from air in order to supply air 

of the required standard for:
– processing equipment (ex. fluidized-bed, film coating and bottle cleaning 

equipment) 
– manufacturing areas (sterile and clean areas).

• The removal of suspended solid particles from air in order to prevent the 
material being vented to the atmosphere (ex. Filtering of exhaust air from 
fluidized-bed and coating processes). 
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 solid او ايimpurity ممكن یكونو مواد غیر ذائبھ او solid particel بالمصنع بكون في(liqiud) لما اعبي علب الدوا
removel of solid particel فھیك عملت filtration فھذرل لازم نعمللھم particel

ھیا بالHPLC بنستخدم عامود كثیر رفیع فلو كان في 
 filtration of ممكن تسكره عشان ھیك لازم اعمل solid

HPLCقبل ما احطھ بالsolution

تخیلو لو ما عملنا الھا 
 solid ال filtration

particel رح تعمل 
irritation للعین

 super عن طریق انھ اعمل  liqiud  من solid ھیاني استخلصcrystalizationال
 crystalوابرده وھیك حصلت على ال solutionوبعدھا احرك ال saturation

المقصود فیھا الsemisoid الي ما فیھا solid particel كثیرلانھ ب ي اعمل sterilization لھذا 
الproduct لانھ انا بدي استخدم filter حجم الفتحات فیھ كثیرصغیر  فتخیل استخدمت suspentionاكید 

الsolid particel الكثیر الي فیھ رح تسكره 

افترض انھ عمبت filtration وخلصت تمام؟بعد ھیك 
اخذت ورقھ ال filter ورحت تشوف تحت 
الmicroscope ھل ال mixture كان في 

microorganism او لا ؟ھیك بتكون عملت 
detection of microorganism in the liquid

بنستخدمھ بالاجھزه الي بتحتاج تشفط ھوا والھوا ھذا رح 
یستخدموه بالتصنیع وھیك الھوا صار نقي

بعض الادویھ تحتاج انك تصنعھا باماكن تكون sterile حیث بركبو 
solid particelوبشفط ال filter
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Types of Filtration
Fluid/fluid filtration
The applications of fluid/fluid filtration in pharmaceutical processing include:
• Removal of turbidity due to flavoring oil droplets.
• Filtration of air from entrained oil or water droplets.
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Mechanisms of filtration
Straining/sieving
• This occurs when the material to be removed has a 

larger particle size than the pores of the filter.
• Filtration occurs on the surface of the filter and therefore 

the filter can be very thin.
• Filter media of this type are referred as membrane filter.
• There is a tendency for them to become blocked unless 

the filter is carefully designed.
• Filters using straining mechanism are used where the 

contaminant level is low or for filtration of small 
volumes. (ex. The removal of bacteria and fibers from 
parenteral preparations).
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 turbidity یعني عندك سائل من المي وفي قطرات زیت وھي الي عاملھ ال
(مخلیھ شكل ال liqiud معكر) فممكن استخدم الfilter لافصل الزیت عن المي 

وھیك الشكل بكون صافي

الھوا بكون معلق فیھ زیت او مي خصوصا بالاجھزه الي تستخدم الرش فالھواھذا 
ممكن یلوث المصنع عشان ھیك بتعمل filtration وھیك تحكمت برطوبھ المصنع

بدنا نحكي عن اول طریقة بال filtration وھي الstraining /seving وھي الطریقة للتقلیدیھ والمعروفة واشتغلناھا باللابات كثیر عباره عن 
filter paper وال liqiud بمرق خلالھا وبنزل لتحت وال filter بكون طبقة واحده ورقیقة(وحجم ال solid particelالي بدي افلترھم 

filter paper حجمھم امبر من الفتحات الي بال

یعني عملیھ ال filtrationرح تصیر على السطح فھیك انا مش بحاجھ اشي یكون سمیك 
لانھالي رح یتحكم بالعملیھ ھو حجم الفتحات وھیك ما بحتاج یكون عندي طبقات

 solidرح تسكر بسرعة لانھ طبقة ال filterانھ الفتحات لل sieving مشكلھ ال
الي تفلترت (cake) رح تصیر سمیكة شوي وتمنع انھا تمرق اي سائل 

رح تضطر انك تستخدم low volume من الliqiud عشان الفتحات ما تسكر



5

Mechanisms of filtration
Impingement
• Suspended solids may have sufficient momentum that they do not follow the fluid path 

but impinge on the filter fiber and are retained.
• Some particles (small particles that have low momentum and can pass through the pores 

between fibers) may follow the fluid streamlines and miss the fiber.
• To ensure the removal of all unwanted material, filter media using the impingement 

mechanism must be sufficiently thick so that materials not trapped by the first fiber in its 
path is removed by a subsequent one.

• These type of filter are referred to as depth filters.
• The fluid should flow through the filter in a streamline manner to ensure the filter works 

effectively.
• Depth filters are the main type of filters for filtration of gases.
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رح نحكي عن الطریقة الثلنیھ وھي ال impingement (عملیھ الاصطدام) حیث الfilter الھ سمك معین (بكون 
(fiber matirial

 larg لازمتكون كبیره لانھ ال filter للthicknessال
particel اذا قدرت تمرق من الlayerالاولى ما تقدر تمرق 

من الي بعدھا

الfliudلازم یمرقو بمسار معین عشان تتم العملیھ زي ما حكینا

زي ما  بنعرف المكیف بده یطلع الھ ا الغیر نقي من الغرفھ ویدخل بدالھ ھوا نقي طیب كیف؟ عن طریق ال imingement filter لانھ ھاي 
gads للfiltration الطریقھ بتعمل

Type your text
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Attractive forces
• Electrostatic forces and other surface forces may exert sufficient hold on 

the particles to attract and retain them on the filter medium.
• Air can be freed from dust particles in an electrostatic precipitator by 

passing the air between highly charged surfaces that attract the dust 
particles

Autofiltration
• It is the term when filter cake acts as a filter medium.

Mechanisms of filtration
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Factors affecting the rate of filtration
The rate of filtration depends on the following factors:
1. The area available for filtration (A, m2)
2. The pressure difference (P, Pa) across the filter bed (filter medium and any cake formed).
3. The viscosity of the liquid passing through the filter (, Pa s). A viscous fluid will filter 

more slowly than a mobile one.
4. The thickness of the filter medium and any deposited cake (L, m).
The above factors are combined in the Darcy equation:

L
PKA

t
V




=
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ھاي الطریقھ تعتمد بشكل اساسي انھ الfilter یكون مشحون بشحنھ معینھ ،فال solid particel الي 
بالھوا سھل انك تعطیھا شحنھ ساكنھ او تعمل الھا induce فبتتحول لpolar وھیك الfilter بمسكھا

ھاي الطریقھ مختلفةحیث انھ بججیب filter حجم الفتحات فیھا كبیر شوي 
وبمرق منھا ماده معینھ ھسا مع الوقت رح تتكون طبقھ الcake وھون الي 

الي الھ surface area اكبر رح یكون الھ فتحات اكثر 
ویعني الfiltration rate  حویكون اسرع

فرق ال pressure ھو الي بدفع الliqiudاكثر 
واكثر (تتذكرو لما كنا نشبك vacume خلال 

الfiltration حیث الpressure فوق اعلى من 
(pressure تحت وھیك صار في فرق بال

filtration rateقلت ال viscosityكل ما زادت ال

 thicknessكل ما كان ال
 filtration اقل كانت ال filterلل

سرعتھ اعلى
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Factors affecting the rate of filtration
• The proportionality constant (K, m2) expresses the permeability of the 

filter medium and cake and increases as the porosity of bed increases.
• K is given by:

where e is the porosity of the cake and S is the surface area of the particles 
comprising the cake

( ) 22

3

15 Se
eK
−

=
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Methods used to increase the filtration rate

Increase the area available for filtration
• The total volume of filtrate flowing through the filter will be directly 

proportional to the area of filter.

• Also, the distribution of cake over a large area means a decrease of 
thickness, L.

• The rate of filtration can be increased by either larger filters or a number 
of small units in parallel.
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 surface area بحسبھا عن طریق انھ اشوف ال
للfilter مع الفراغاات والفتحات واعملھا نسبھ مع 

حجم الفتحات

 surface ھسا لما ازید ال (filter یعني بدي ازید عدد الفتحات بال)filtration rate وھیك زدت ال.filtrationلل areaبدي ازید ال
filtration rate ابطأ وھیك یعني زدت ال cake رح یكون عنده فتحات اكبر وھذا یعني رح یخلي تكون ال area of filteration

عشاناطبق ھذا الحكي شو بعمل؟اما بجیب filter حجمھ 
كبیر او اجیب عدد من ال filter الي حجمھم صغیر



8

Methods used to increase the filtration rate
Increase the pressure difference across the filter cake
• The gravitational force is often two low for a sufficiently quick 

filtration.
• If a vacuum is pulled on the far side of the filter medium then the 

pressure difference can be increased to a value limited practically by the 
boiling point of the liquid.

• Vacuum filtration is used in the laboratory when there are safety 
advantages when using glassware.

• Most industrial filters have positive-pressure feed using pumps. The 
pressure used is limited by pump efficiency and the ability of the filter to 
withstand high pressure.

• Pressures up to 15 bar are commonly used.
15

Methods used to increase the filtration rate
Increase the pressure difference across the filter cake
• Too high applied pressure may cause the particles to deform and therefore 

decrease the bed porosity (e) which leads to a large (amplified) decrease 
in cake permeability (K).

• The effect of decreasing K greatly overweighs any increase in filtration 
rate arising from a thinner cake.

• There is also a danger of blinding the filter medium at high pressure by 
forcing particles into it, especially in the early stages before cake 
formation.

16
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الطریقھ الثانیھ بدي ازید فرق ال 
(vacume اطبق) pressure

 bolilingالي بدي اطبقھ ما بدي ایاه یوصلني ل pressureھسا ال
point بدي ایاه یكون اقل منھا 

بنستخدم ال vacume باlab بس ،لانھ في عندي glasswereقلال واي خطأ ممكن 
نتداركھ بینما بال large scale اي خطأ ممكن یأدي لانفجار

ال possitive pressure بكون  الضغط عالي جوا بینما برا بكون قلیل
قوه الpumping ویدره الfilterلتحمل الpressure بكونو ھما الي بتحكمو 

بالpressure المستخدم

 solid particelلل deformation عالي كثیر ممكن یصیر في pressure ھسااذا طبقت
( thickness رح یقل الھا .cakeوال) permiabilityوتقلل ال  filterوورح تسكر ال

ھسا اذا طبقت الpressure العالي وخصوصا من البدایھ ھذا الاشي 
رح یأدي ل blinding of filter paperیعني رح یسمر الفتحات على 

البكیر
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Decrease the filtrate viscosity
• To increase the filtration rate the viscosity of the filtrate can be reduced 

by heating (unsuitable for thermolabile and volatile materials) or by 
dilution (providing that the increase in filtration rate exceeds the effect of 
increasing the total volume).

Decrease the thickness of filter cake
• In some cases if the cake is allowed to build up the filtration slows or may 

almost stop. In these situations it may be necessary to remove the cake 
periodically or maintain it at a constant thickness.

Methods used to increase the filtration rate
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Increase the permeability of cake
• The cake permeability can be increased by including filter aids, 

which is a material that forms a more porous cake when 
included in the dispersion to be filtered.

• Examples: diatomite and perlite.
• The use of filter aid is not appropriate when the filtered material 

is the intended end product.

Methods used to increase the filtration rate
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ممكن اقلل الviscosity اما اسخن الماده (مش مناسبھ للthermolabileوالvolitile matirial) او اعمل 
dilution یعني مقلا ب ي اخذ ml 50 من الماده واخففھم ب100mlمن ماده ثانیھ ممكن حدا یحكیانھ صار 
الvoluim 150ml طیب كیف استفدت؟ استفدت لانھ ال150ml الھم viscosity اقل من ال50ml وتیك 

الfiltration rate اعلى

 cakeعن طریق انھ كل شوي اجي واشیل ال thickness of cae layerكمان ممكن اقلل ال
 filtration rateوخلیت الفتحات ترجع مفتوحة وھیك ال thicknessوھیك بكون قلل ال layer

اعلى

كمان ممكن ازید الpemeability of cake(ازید ال K)عن طریق اضافھ ماده اسمھا filter aid وھاي 
الماده لما اصبحھا فوق الfilter رح تخلي الcake الي رح تتكون شكلھا یكون porous یعني فیھا مجال. 
 cake لاحصل على الfiltration بس اذا انا بذي اعمل compact cake بدل ما اعملliqiud یمرق منھا

liqiudفبستخدمھا لما یكون بدي ال cakeلانھ رح یضل موجود بال filter aid ما بقدر استخدم ال
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Filtration equipments
The equipment used for filtration should be:
• Fast

• Cheap

• Easily cleaned

• Resistant to corrosion

• Capable of filtering large volumes of product before cleaning or 
replacing the filter.

19

What to consider when selecting filtration equipment's
a) The type of filtration and type of fluid (gas or liquid)

b) The chemical nature of the product (The product should not react, be adsorbed by or 
cause degradation of the filter)

c) The volume to be filtered and the required rate of filtration
d) The operating pressure needed.
e) The operating temperature.
f) The amount of material to be removed
g) Whether the filtration for sterilization or not
h) The degree of filtration required
i) The product viscosity

20
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الادوات الي بد استخدمھا بال filtration شو لازم تكون

انھ الfilter الي بدي استخدمھ ما یكون یحتاج انھ اغیره 
او انظفھ كل مره یعني مثلا افلتر 4 مرات بعدین اغیره 

او انظفھ

بدي اشرف شو نوع الfiltration الي بدي اعملھ او شو 
نوع الfliud فلو كان gas بدي استخدم طرق لل gas واو 

كان سائل بدي استخدم طرق للسائل

بدي اشوف شو نوع الماده الي بدي اعمللھازfiltration لانھا ممكن تأثر على الfilter یعني لازم ما 
یصیر الھا absorption ولا تتفاعل مع الfilter یعني لازم یكونو inert ال 2 الماده والfilter وھاي 

stanless steel بعطیني ایاھا ال advantageال

بدي اشوف كم الvolum لانھ في اجھزه الھا 
filtaion rate بطيء واجھزه ثانیھ سریع ،في 

اجھزه تتحمل انك تعمل filtarion بكمیات كبیره 
واجھزه لأ بدك تفلتر شوي شوي

في filter بعطیك filtraion rate عالي لانھ 
 highعالي (فبكون مفید لل pressure بستخدم

volum)وفي العكس

بدك تشیل فقط الlarge particel (filtraion)ولا بدك تعمل 
تعقیم(sterilization) لانھ في اجھزه لھذا وفي اجھزه لھذا

یعني كم اصغر حجم لل solid particel لازم یكون موجود مع الfiltrate،مرات ما بدك 
ولا اشي بالfiltrate فبتستخدم فلتر فیھ حجم فتحات صغیر جدا
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Filters can be organized into three classes, 
namely gravity, vacuum and pressure

Gravity filters
• Gravity filters are common in water treatment, 

where a sand filter may be used to clarify water 
prior to deionization or distillation. 

• Also in laboratory filtration, where volumes are 
small and a low filtration rate is relatively 
unimportant.

Industrial filtration equipment

21

Industrial filtration equipment
Vacuum filters
Rotary vacuum filter
• The rotary vacuum filter is continuous in 

operation and can be run for long periods 
handling concentrated slurries.

• It consists of two concentric cylinders with an 
annular space between them divided into a 
number of septa by radial partitions.

• The outer cylinder is perforated and covered 
with a filter cloth.

• Each septum has a radial connection to a 
complicated rotating valve.

22
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من امثلھ ال gravity filtraion ال sand filter وبستخدموه لتقیھ الماء
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Industrial filtration equipment
Vacuum filters
Rotary vacuum filter
Operation:
• The cylinder rotates slowly in the slurry and a vacuum applied to the segments draws 

filtrate into the septa, depositing cake on the filter cloth.
• When the deposited cake leaves the slurry bath, vacuum is maintained to draw air 

through the cake, thus aiding drainage.
• This followed by washing then further drainage in the drying zone.
• The cake is removed by the scraper blade aided by the compressed air forced into the 

septa.
• The function of rotary valve is to direct the services into the septa where they are 

required.
24
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الvacume filter علیھ مثال الrotary vacum filter وھو 
بكون زي برمیل كبیر وفي فتحات  وفوقھم في قطعة قماش وھي 

الي رح تشتغل ك filter طیب كیف رح یشتغل؟بكون موجود فوق 
 slurry وبكون بلف وكل ما كان یلف كانویحمل معھ، slurryال

 vacum طیب كیف یحملھم؟شایفین الفتحات ھاي؟بكون في
وبشفط الھوا من خلالھا وھیك رح تسحب الslurry وھیك رح 

تسحب الliqiud فقط ویضل الcake على الfilterفلو بدي 
الliqiudباخذه منھ البرمیل طیب بدك الcake؟خذھا من على 

scraper knifeعن طریق ال filterال

اذا جابتلك رسمھ بدون ما تكون كاتبھ 
الZone رح تعرف شو بدھا من 
خلال الاسھم
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Vacuum filters
Rotary vacuum filter
Operation:
• Rotary filters can be up to 2 m in diameter and 3.5 m in length with a 

filtration area of about 20 m2.

• Difficult solids which tend to block the filter cloth necessitate a 
preliminary precoat of a thickness of filter aid to be deposited on the cloth 
prior to filtration of the slurry.

• If removal of the cake presents problems, a string discharge filter may be 
employed.

Industrial filtration equipment

25
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 filter(filter ھیا شافین قطعھ القماش الي حكیتلكم رح تشتغل ك
(cloth؟ ممكن احط فوقھا filter aid لانھ في مشكلھ بھذا الجھاز 

انھ مرات لما الماده تتجمع على الfilter ممكن تدخل بالفتحلت الي 
بالجھاز وتضل ملزقھ فیھم(حكینا عن الfilteraid فوق)
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Rotary vacuum filter
Advantages
• It is automatic and continuous in operation, so that labor costs are very 

low.

• The filter has a large capacity.

• Cake thickness can be controlled by variation of the speed of rotation. 

Industrial filtration equipment
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بما انھ جھاز automatic فھذا یعني انھ ما 
بحتاج عمال كثیر 

بس الجھاز نفسھ غالي

بقدر اتجكم بالthickness  للcake عن طریق اني اتحكم بالspeed of drum فكل ما كانت السرعھ اعلى كانت 
الcake thickness اقل واذا كان ابطأ الthickness رح تكون اكبر
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Rotary vacuum filter
Disadvantages
• Complex, expensive and require ancillary equipments.

• The cake tends to crack because of the air drawn through  by the vacuum 
system so that washing and drying are not efficient.

• The pressure difference is limited to 1 bar and hot filtrates may boil.

• The rotary vacuum filter is less satisfactory if the solids form an 
impermeable cake or will not separate cleanly from the cloth.

Industrial filtration equipment
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Rotary vacuum filter
Uses
• The rotary vacuum filter is most suitable for continuous 

operation on large quantities of slurry, especially if the slurry 
contains considerable amounts of solids (15 –30 %).

•  Examples of pharmaceutical applications include the collection 
of calcium carbonate, magnesium carbonate and starch. 

Industrial filtration equipment
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بحتاج اجھزه ثانیھ مرتبطھ بھذا الجھاز مثل 
مضخة الھواء

ھسا الcake الي تكونت ممكن یصیر فیھا crake(تشققات) فالھواء رح یصیر یمرق من بینھم وھیك الdrainange بصیر 
crakeویخلي السائل یمرق من بین الفتحات الي بالجھاز لانھ دخل بتل cakeاسوء والھواء ما رح یدخل على ال

ما بقدر ارفع الضغط اكثر من bar 1(یعنب الضغط قلیل)داخل الrotray filter لانھ اذا رفعتھ اكثر من ھیك السائل رح یغلي على درجھ حرارة اقل من ال 
boling point طیب شو السيء بالموضوع؟ لانھ اذا غلى رح یصیر یطلع بخار وھذا الاشي رح یأثر على الضغط والvacum وعشان ھیك مابدي ایاه اعلى

في كمان مشكلھ حیث انھ الcake ممكن یضل ملزق بالفتحات للجھاز فحاولنا نحل المشكلھ ھاي عن طریق انھ نطول 
الscraper او انھ نستعمل filter aid بس برضھ المشكلھ لسا موجوده فلو عندي ماده بنكون cake مللزقھ ببعض ما 

بقدر استخدمھ

ال rotary filter مناسب بحالتین
larg quantity الاولى انھ عندي

والثانیھ انھ الكمیھ الكبیره من الslurryفیھا كمیھ كبیره من الsolid(تقریبا %30-15)
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Pressure filters
Metafilter
• The metafilter consists of a grooved drainage rod on which is packed a 

series of metal rings.
• These rings are about 15 mm inside diameter, 22 mm outside diameter 

and 0.8 mm thickness, with a number of semicircular projections on one 
surface. 

• The height of the projections and the shape of the section of the ring are 
such that when the rings are packed together and tightened on the 
drainage rod with a nut, channels are formed that taper from about 250 
μm  to 25 μm.

Industrial filtration equipment
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Pressure filters
Metafilter
• One or more of these packs is mounted in a 

vessel, and filter operated by pumping the slurry 
under pressure.

• For removal of finer particles a bed of a suitable 
material (such as filter aid) is first built up over 
the rings, and the pack of rings serves essentially 
as a base on which the true filter medium is 
supported.

Industrial filtration equipment
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مافي filter medium یعني مافي اشي في فتتحات ویعملك الfilteration ،الfiltration رح یصیر ببواسطھ 
اعمده متداخلھ ببعضھا وببكونواحد  فیھم في نتوئات والثاني في hopper ،صح بكونو متداخلین بس في فراغ بین 
 particelل filtrationالصغیره بس مع ھیك ما رح یكون ال particelبسمح بمرور ال hopperالنتوء وبین ال

filter medium كثیر صغار عشان ھیك باخر العامود ممكن اضیف

 channel ھذول الاعمده لما یتركبو مع بعض رح بعملو زي
وھي بتكون من الhopper ومن النتوء

انا مارح استخدم بس عامودین  مركبین مع 
بعض ،رح اكون مجمع  اكثر من واحدجمب بعض 

وھیك رح اعمل filtration لكمیھ كبیره
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Metafilter
Advantages 
• The running cost is low since there is no filter medium
• High pressures can be used with no danger of bursting
• It can be made of materials, such as stainless steel, that provide 

resistance to corrosion and avoidance of contamination.
• By selecting of a suitable grade of material to form a filter bed it is 

possible to remove very fine particles.

Industrial filtration equipment
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Cartridge filters
• They consist of a cylindrical cartridge, 

containing highly pleated material (ex. 
Polytetrafluoroethylene (PTFE) or nylon) or 
string-wound material, fitted in a metal 
supporting cylinder.

• The product is pumped under pressure into one 
end of the cylinder surrounding the filter 
cartridge. 

• The filtrate is forced through the filter cartridge 
from the periphery to the inner hollow core 
from where it exits through other end of the 
support cylinder.

Industrial filtration equipment
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33

34

مافي خطر للانفجار لانھ بستخدم metal قوي زي 
stanless stealال
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Pressure filters
Plate and frame filter press
• Material to be filtered enters the apparatus 

under pressure through a pipe at the bottom 
and is forced into one of the many chambers. 
A filter cloth is positioned on both sides of 
each chamber.

• As the material passes through the filter 
cloth, solids remain behind in the chamber 
and the clear filtrate passes through and out 
of  an opening located on the top of the 
apparatus.

Industrial filtration equipment

35

Plate and frame filter press

36

35

36

بكون عندي chambers وبكون في على الجنب في filter medium وبكون في بین 
الchambers(الوحدات)فراغ وبدخل بینھم fliud(سائل )بینھم بضغط عالي فال fliud بدخل  بالوحدات بسبب 

الضغط بس الsolid particel بتضل معلقھ
filter medium فیھا chamber كل

الslurry رح یمر بكل الوحدات
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Plate and frame filter press
Advantages
1. Construction is very simple and a wide variety of  materials can be used.
2. It provides a large filtering area in a relatively small floor area.
3. It is versatile, the capacity being variable according to the thickness of the 

frames and the number used.
4. Maintenance is easy and the filter cloths are renewable.
Disadvantages
a. It is a batch filter
b. The press is relatively expensive and labor costs are high
c. The filter is used for slurries containing less than 5 % solids.

Industrial filtration equipment
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Cross flow microfiltration
• It is possible to form membrane filters within hollow fibers The membrane may 

consist of polysulphone, acrylonitrile or polyamide is laid down within a fiber 
which forms a rigid outer porous support.

• A large number of fibers can be contained in a surrounding shell to form  a cartridge 
which have a high effective area for filtration.

• The liquid to be treated is pumped through the cartridge in a circulatory system so 
that it passes through many times.

• The filtrate (permeate) flows radially through the membrane and porous support.

Uses:
• For fractionation of biological products.
• The process has been suggested for recovery of antibiotics from fermentation media 

Industrial filtration equipment
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ھون المقصود فیھا المواد الي بقدر اعمل فیھا الجھاز

ھذا الجھاز حجمھ صح صغیر 
بس الfiltration area كبیرة 

طیب لیش؟ لانھ عباره عن 
small unit متصلین ببعض  

بس الجھاز حجمھ بالمصنع 
صغیر في تنوع لانھ بقدر اغیر الthickness عن طریق اني اغیر الfilter medium(ال 

fram) وبقدر ازید الfiltration rate عن طریق اني استخدم frame  اكثر 

یعني العملیھ مش continous ویعني وقت اطول وcost اعلى لانھ رح احتاج ناس تضل تراقب العملیھ وتشیل 
الcake والى اخره

مابقدر استخدمھا لو كانت كمیھ الsolid بالslurry اعلى من %5

بجیب مواد بستخدمھا بتصنیع النایلون لعمل منھا fiber متداخلھ وادفراغات بینھا ھي الي رح تعمل filter حیث 
الliqiud رح یدخل بینھم ھادي والsolid رح یعلق علیھم ورح یمر بینھم السائل تكثر من مره

مثلا عندي خلتیا حجمھا كبیر وخلایا حجمھا صغیر 
او عندي cells موجوده بسائل وبدي افصلھم
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40

39

40
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Centrifugation
• Centrifugal force can be used either to provide the driving force for filtration or to 

replace the gravitational force in sedimentation.

Principles of centrifugation
• If a particle (mass = m, Kg) spins in a centrifuge (radius r, m) at a velocity (v ms-1) then 

the centrifugal force (F, N) acting on the particle is equal to m v2/r.
• The same particle is affected by gravitational force (G, N) = mg (g = gravitational 

constant).
• The centrifugal effect (C) is the ratio of these two force (C = F/G).
• If velocity is taken to be dn (n: rotation speed s-1, d: diameter of rotation, m), then:

 C = 2.01d n2

• In order to increase the centrifugal effect it is more efficient to increase the centrifuge 
speed (n) than to use large diameter (d). 41

Industrial centrifuges
There are two main types of industrial 

centrifuges used to achieve separation:
• Centrifuges using perforated baskets, 

which perform a filtration-type operation 
(work like spin drier)

• Centrifuges with solid walled vessel, 
where particles sediment towards the wall 
under the influence of centrifugal force.

42

41

42

ممكن استخدمھ مع gravity لیساعدونا بعملیھ الfiltraion او ممكن استخدمھا لsedemintaion(عكس 
(gravvityال

ھون رح تساعدني بعملیھ 
 centrifugation ال filtraionال
رح یخلیھا تلف والفتحات رح تعمل 

filteraionال

بال centrifugal force رح نحكي كیف القوة نفسھا كیف رح تأثر  على 
الجسم بغض تلنظر عن اي قوة ثانیھ

بینما الcentrifugal effect بحكي عن اي اشي رح یقلل من 
centrfugationال

لو بدي العب بال centrifugal effect التأثیر 
الاقوى رح یمون بال centrifugal speed لانھا 

تربیع

غیھا فتحات
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Industrial centrifuges
Perforated-basket centrifuges (centrifuge filters)
• This centrifuge consists of a stainless steel perforated basket lined with a filter 

cloth.
• The basket rotate at speed which is typically less than 25 S-1.
• The filtrate is forced through the cloth while the solid material is retained on the 

cloth.
• The cake can be washed if required by spraying water into centrifuges
Advantages:
A. It is compact and efficient
B. It can handle concentrated slurries which might block other filters.
C. It gives products with a very low moisture content (typically around 2%) which 

saves energy during drying.
D. Continuous centrifuges are available for large-scale work, which have means for 

automatic discharge of the cake from a basket. 43

44

43

44

بعمل ciltraion بسبب الcentrifugation مش بسبب الvacum او 
pressureاو جاذبیھ

بكون في basket فیھا فتحاتوفیھا من جوا filter cloth فالسائل لما یلف 
 solidاما ال filter clothبسرعة عالیھ جدا رح یدخل من خلال ال

particel مارح یقدر یمرو 

صلب وفعال
بتحمل انھ الslurry یكون فیھا كمیھ 

solid عالیھ 

بوصل الsolid particel لمرحلھ درجة  مسحوب منھا الرطوبھ كثیرعالیھ لدرجة انھا ممكن 
توصل 2% فلو اجي اعمل drying ما رح یاخذ جھد واجھزه كثیر عالیھ

ھذا الجھاز في منھ نسخة تكون continous(یعني ما 
رح اضطر انھ اشیل ال cake كل شوي لانھ الجھاز 

نفسھ رح یطلعھ
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Tubular bowel centrifuges (centrifugal sedimenters)
• These consist of a cylindrical bowl, typically around 100 mm in diameter and 1 m 

long, which rotates at 300 - 1000 s-1.
• The product enters at the bottom and the centrifugal force causes solids to be 

deposited on the wall as it passes up the bowl, the liquid over flowing from the top.
• This type of centrifuges can be adapted to separate immiscible liquids.
• The inlet rate should be controlled in order to allow sufficient time for sedimentation 

to occur before the product leaves the bowl.
Advantages
• Compact efficient and rapid
• Solids can be classified by control of the speed of rotation and the flow rate.
• Suitable for difficult solids that would block the filter medium.

Industrial centrifuges
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Tubular bowel centrifuges (centrifugal sedimenters)
Uses:
1. Liquid/liquid separation
2. The removal of very small particles
3. The removal of solids that are compressible or those which 

easily block the filter medium.
4. The separation of different particle size fractions
5. Examining the stability of emulsions
6. The separation of blood plasma from the whole blood
7. The removal of dirt and water from oils

Industrial centrifuges
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بكون عباره عنtest tube بلف بسرعھ عالیھ جدا 
والسائل وبدخل من جھھ وبطلع من جھھ ثانیھ بینما 

الsoild particel. حتضل ملزقھ على الجدران 
continous والعملیھ بتكون

ال diameter كثیر قلیل 
فبقدر یلف بسرعة عالیھ

ممكن استخدمھ لافصل سائلین بكونو 
immesible   زي زیت و مي حیث 

الي الھ كثافة اعلى رح یلزق على 
الجدران 

 والي الھ كثافة اقل رح یطلع من الجھھ 
العایھ بسرعھ اعلى

 solid particel(معدل الادخال) عشان اعطي ال inlet rateبقدر اتحكم بال
وقت كافي لتتعرض لcentrifugaion force لانھ لو كان عالي مارح تلحق 
تتعرض للcentrfugaion وھیك بتطلع بسرعھ لانھ تأرھم بقوة الضغط رح 

centrifugaionیكون اعلى من تإثرھم بقوة ال

ممكن اعمل filtraionللsoid particel حسب 
الحجم الھم فمثلا لو كانت بطیئة بالاول رح تطلع 
الparticel الكبیره فاذا زدت السرعھ رح تطلع 

الصغیرة 

یعني بشوف ھل الemultion رح یفصل على حسب الspeed؟ فلو 
فصل باقل سرعھ یعني مش stabel ولو فصل على سرعھ عالیة جدا 

یعني انھ الstabilty ممتازه
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Filter media

47

• The surface upon which solids are deposited in a filter is called the filter 
medium

• The filter medium must 
1. be strong  
2. have low resistance to flow 
3. be unaffected by the substances in the slurry
4. Retain solids without plugging

• Filter media are available in different materials and forms:
• Woven materials

– Filter fabrics woven from natural fibers (ex. cotton), synthetic fibers, 
glass, or metal (ex. stainless steel).

Filter media
• Nonwoven filter media

– Felts, bonded fabrics and Kraft papers
• Membrane filter media

– They are used commonly in the preparation of sterile solutions.
– They are made of various esters of cellulose or from nylon, Teflon, PVC, 

polyamide or polysulphone.
– The filter is a thin membrane, about 150 microns thick , with 400 to 500 

million pores / cm2 of filter surface.
– The pores are extremely uniform in size and occupy about 80% of filter 

volume.

48

47

48



25

Filter Aids
• Usually, the resistance to flow due to the filter medium is very low, but 

will increase as a layer of solids (cake) is build up.
• The object of filter aid is to prevent the medium from becoming blocked  

and to form an open porous cake.
• Filter aid may be used in two ways:

– Precoating: Application as a precoat over the medium by filtering a 
suspension of the filter aid.

– Body-mix: Adding a small proportion of the filter aid (0.1 –0.5 %) to 
the slurry.

• Filter aid may be used intentionally to adsorb certain solutes  (ex. 
Decolorising sugar solutions by means of charcoal).

49

Filter Aids
• Important characteristics of filter aid:

a. It should be a structure that permits formation of pervious cake
b. It should have a particle size distribution suitable for retention of solids, as required.
c. It should be able to remain suspended in the liquid
d. It should be inert
e. It should be free from moisture in cases that the addition of moisture to the liquid is 

undesirable.
Examples: 
• Talc: Nonadsorbent, chemically inert
• Charcoal: Adsorbent for many active constituents.
• Clays: ex. fuller’s earth, Kaolin
• Chalk and Magnesium carbonate: react with acids and possess a finite solubility in water 

and aqueous fluids, with the production of alkalinity in the filtrate.
• Bentonite, diatomaceous earth, perlite, asbestos. cellulose, silica gel.
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