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Dryers for dilute solutions and 
suspensions

The objective of these dryers is to spread the liquid to a large surface area 
for heat and mass transfer and to provide an effective means of 
collecting the dry solid.

Drum dryer
• The drum dryer consists of a drum 0.75-1.5 m in diameter and 2-4 m in 

length, heated internally by steam or hot water, and rotated on its 
longitudinal axis.

• The liquid is applied on the surface of drum and spread to a film, 
simply by dipping into a feed pan.

• Drying rate is controlled by manipulating the speed of rotation of the 
drum and its temperature.

• The product is scraped from the surface by means of a knife.
31
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بدنا نحكي هسا عن الBdryingاده suspensionاو solution عشان تطلع powder واشهر مثال عليها هو الحليب الناشف (هو كان حليب سائل وعملت 
الهdryingعن طريق هاي اOجهزة وصار ناشف)

 dryاده السائله  وبطلع عندي الBتتبخر ا heat and mass transferطريقة عملهم اني اجيب هالسائل وافرده على مساحة سطح عاليه عشان يصير عندي
powderلحالها

drumبحط جواها ماء ساخن او بخار ساخن عشان يسخن سطح ال drumال

 liqiud(feed(الي سطحها بكونوساخن )وبغمرها بالخزان الي في الdrumبجيب ال

 drum؟درجة حرارة سطح الrate of dryingشو الي رح يتحكم بال
والspeed of rotationوخصائص السائل نفسه 

هسا اخر اشي الpowder رح يكون ملزق على الdrum طيب رح اشيله ؟عن 
iبواسطه سك (scrap)طريق اني اكشطه
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Dryers for dilute solutions and suspensions
Drum dryer
Advantages
a) The method gives rapid drying, the thin film spread over a large area 

resulting in rapid heat and mass transfer.
b) The equipment is compact, occupying much less space than spray dryer.
c) Heating time is short (few seconds).
d) The drum can be enclosed in a vacuum jacket.
e) The product is obtained in flake form, which is convenient for many 

purposes . 
Disadvantage
The only disadvantage is that operating conditions are critical and its 

necessary to make careful control on feeding rate, film thickness, speed 
of drum rotation and drum temperature. 33

Spray dryer
• The spray dryers provide a large surface area for heat and

mass transfer by spraying the liquid as small droplets into a
stream of hot air.

• There are many forms of spray dryers.
• The character of the particles is controlled by the droplet size.
• Spray-dried products are uniform in appearance.
• The particles are in the form of hollow spheres.

Dryers for dilute solutions and suspensions

34

؟بيط شيل rapid drying يطعت حر
ما رح ياخذ عرسا dringلا ناك thinner تناك ام لكو thin هقبط نوكت حر علطت حر يلا ئ-ا هن-

مساحة كبيره 
با3صنع powder يطعتل هيفاك نوكتبdrumلا نم هدحو هرود

الpowder الي رح يطلع رح يطلع على شكلflack(كسور)7نه 
كشطتها كشط وبقدر اغير شكلهم 

اذا سرعة الdrum عاليه مارح يكون في وقت لتنشف واذا كانت السرعة 
drumبطيئه رح يتكون طبقة على ال

thick عالية رح تعمل طبقة vicousityاذا كانت ال

هيلاع نركت حرsolubilityلا ينعي amorphous لكش ىلع لافط-ا بيلحرعنصن اR همدختسن زاهجلا اذه

 اذهو نخاس ءاوه رايت ىلع بيلحلا خضا حر
 heat and mass لمعي حر نخاسلا ءاوهلا

transfer لا ىوتسم ىلع حينمparticel 
هدحولا

 ددحتت حر particelلا صئاصخ
 تيخض اذا )لئاسلا خض(droplet sizeلاب
 particel جتنا حر يلاع خضب لئاسلا
ةزاتمم solubilityلاو ريغص مجحب
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Spray dryer
Advantages
• Millions of small droplets are formed and so evaporation is very rapid
(The overall time in the dryer is a few seconds).

• The characteristic particles have large surface area and so rapid
dissolution.

• The powder has a uniform and controllable particle size.
• The product formed has excellent flow and compaction properties.
• Labor costs are low.

Dryers for dilute solutions and suspensions
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Spray dryer

Disadvantages
• The equipment is very bulky and expensive (may be as much as 15 m in
height and 6 m in diameter).

• The overall thermal efficiency is low, as the air must still be hot enough
when it leaves the dryer to avoid condensation of moisture. Also a large
volume of heated air pass through the chamber without contacting a
particle.

Dryers for dilute solutions and suspensions

40

الdryingرح يكون سريع :نه في مليونات من الdroplet الي قاعده تنضخ بنفس 
evaporation الوقت وملهم بصير الهم

droplet sizeلاب مكحتا ردقب هن!

الفعاليه الحراريه بشكل عام للجهاز 
قديه بضخ حرارة وقديه بطلع حرارة

وبهذا الجهاز بهمني تكون قليله :نه 
الهواء وحتى وهو طالع :زم يضل 

ساخن :نه اذا برد رح يصير سائل 
وهيك صار في رطوبه
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Pharmaceutical uses of spray drying
• The spray drying can be used for drying almost any substance, in
solution or in suspension.

• It is possible to operate spray dryers aseptically using heated filtered
air to dry sterile products.

• There are three major uses for spray drying
1) Drying heat sensitive materials
2) Changing the physical form of the materials for better properties
(flowability and compressibility)

3) Encapsulating solid and liquid particles

Dryers for dilute solutions and suspensions
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Freeze drying (lyophilization)

• Freeze drying is a process used to dry extremely heat-
sensitive materials (proteins, blood products and
microorganisms).

• In this process, the initial liquid solution or suspension is
frozen, the pressure is reduced and the water is removed by
sublimation (liquid to solid then solid to vapor).

42

 powder to beزي ال steril powder بقدر استخدمه )صنع
reconstitution

)نه الthrmal efficency قليله والdrying رح يصير عن طريق الهواء اكثر من 
heatال

coating بضخ سائل بعمل

 ناشع ريثك طغضلا ضفخا حر هنا وه لبق يلا Qبو اهنيب قرفلا )freezing(ديمجتلا قيرط نع فيفجت
ةليلق ةرارح ةجرد ىلع رخبتت حر wet particelلا كيه
 bloodلاو protienلايز biological compoundلا يز heat sensitiveلل اهمدختسبو
microorganisumلاو
 ام ناشع جتن يلا راخبلا بحسيو ليلقلا طغضلا ىلع ظفاحيل هتمدختسايلاvacuumلا هنا زاهجلا اذه هلكشم
 يش)ا اذه يدب ام اناو foam نوكت ىلت يداي نكموو water هعم ذخاي حر علطي املف pressureلا عفري
 رورmا نود هيزاغلا هلاحلل هبلصلا هلاحلا نم لوحتب يمعي( sublimationهلا لمعبو هدمجب كيه ناشع
) هلئاسلا هلاحلاب
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Freeze drying (lyophilization)
• The theory and practice of freeze drying is based on understanding of the
phase diagram of water and the following practical problems:
– The depression of the freezing point caused by the presence of dissolved
materials.

– Sublimation can only occur at the frozen surface and is a slow process.
– At low pressure large volumes of water vapor are produced which must be
rapidly removed to prevent pressure rising above the triple point.

– The dry material often needs to be sterile, and it must also be prevented from
regaining moisture prior to final packing.

43
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عسان افهم مبدأ الfreez dryin 'زم افهم 
2’1

في حا)ت ا&اده ال3

Pressur قليل او عالي 
soild:مع حرارة قليله
اذا رفت الحرارة رح يتحول 
للliqiud واذا رفعتها اكثر 

gas مع ضغط اكبر بكون

freezing pointكثير رح تقل ال solute اده كان فيهاQاذا ا
بطييييئه وبتصير فقط من 

freezing surfaceال

غالبا للstril product وبكون بدي اياهم ما يفوت عليهم 
اي نسبه رطوبة

Type your text
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Stages of the freeze drying process

1. Freezing stage
2. Vacuum application stage
3. Sublimation stage
4. Secondary drying
5. Packaging

45

Stages of the freeze drying process
Freezing stage
• To avoid frothing, the liquid material is frozen before the 

application of vacuum and to increase the rate of 
sublimation, several methods are used to produce a large 
frozen surface.

• Two common techniques are used:
– Shell freezing
– Centrifugal evaporative freezing

46

بفرد السائل على سطح عشان هيك الfrezzing بكون بthin layer وهيك التجميد اسرع

 latent heatلا بحسب .vacuume يف زاهج مدختسب
هأجف تدمجت اهيق4ا حرو
 كيه ناشع foam لمعيو هعم بحسني لئاسلا نكمم
 هيلخيو لئاسلا درفي ناشع  centrifugalيف زاهج مدختسب
تحتل
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Shell freezing
• This is applied for fairly large volumes such as blood
products.

• The bottles are rotated slowly and almost horizontally in a
refrigerated bath. The liquid freezes in a shell around the
inner circumference of the bottle

Disadvantages:
• Freezing is slow
• large ice crystals form which may damage blood cells and
reduce the viability of microbial cultures

Stages of the freeze drying process

47

(a) Spin-freezing of a vial along its longitudinal axis and (b) Spin-
freeze-dried vials. Reprinted from (De Meyer et al., 2017). 

48

بالshell freezing رح يكون في ice crystal اله اطراف حاده 
productففمكن يجرح الخ8يا ويخرب ال
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Centrifugal evaporative freezing
• The solution is spun in small container within a centrifuge. This
prevents foaming when vacuum is applied.

• The vacuum causes boiling at room temperature and this removes so
much latent heat so that the solution cools quickly and snap freezes.

• About 20 % of the water is removed prior to freeze drying and there is
no need for refrigeration.

• Ampoules are usually frozen in this way.

Stages of the freeze drying process

49

Stages of the freeze drying process
Vacuum application stage
• The containers and the frozen material must be connected to a vacuum
source sufficient to drop the pressure below the triple point and remove
the large volumes of low-pressure vapors formed during drying.

• An excess vacuum is normal in practice to ensure that the product in
question is below its triple point.

• Commonly a number of bottles or vials are attached to individual outlets
of a manifold, which is connected to a vacuum.

50

 triplepointلا تحل pressureلا لزنا يدب
 triple pointلا نم لقا ريصت ىتحل vacuumلا قيرط نع pressureلا لزنب اهدعب لئاسلا دمجب يشا لوا
 Iتلغشب vacuumلا نم ديفتسب وهو
triple pointلا تحتل  pressureلا لزنق ىلوJا
pressureلا عفري ام ىتحل علطب راخب يا بحسب هنا يناثلاو
بلغب productلا ناك اذا طايتحUل ريثكب triple pointلا تحتلpressureلا لزنب تارن
vialب طوبرم هيلخب ثيح vaccumلا ىلع ظفاحب
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Stages of the freeze drying process
Sublimation stage (primary drying)
• Heat of sublimation must be supplied. Under these conditions the ice
slowly sublimes leaving a porous solid which still contains about 0.5 %
moisture.

• Heat transfer is critical insufficient heat input prolongs the process,
which is already slow, and excess heat will cause melting.

• The vapor formed must be removed continually and efficiently to
prevent the pressure within the container rising above the triple point
pressure.

• The drying rate is very slow (1 mm depth per hour) which is at constant
rate during most of the time.

52

هون الdrying بصير على درجات حرارة قليلة

 اهناكم رصي حر علطت حر يلا ي1ا هن. porous نوكب sunlimation stageلا نم علطب يلا powderلا
moisture%5ب هظفتحم لضتب powderلاو volumلا سفنب لضت حر هن. ت>عارف

1mm(thin)اهكمس هقبط  powderلا نم جتني حر ةعاس لك
تاقوLا مظعم تباث نوكب drying rateلا
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Stages of the freeze drying process

Secondary drying
• The removal of residual moisture at the end of primary drying is
performed by raising the temperature of the solid as high as 50 or 60 oC.

Packaging
• Attention should be paid to packaging freeze-dried products to ensure
protection from moisture

53

Advantages of freeze drying

• Drying takes place at very low temperatures, so that enzyme
action is inhibited and chemical decomposition is minimized.

• The final dry product occupies the same volume as the original
solution. Thus the product is light and porous which enhances
dissolution.

• Oxidation is minimized as there is little contact with air.

54

ةرارح ةجرد عفرا ينا قيرط نع secondary dryingلا مدختسا حر اهنم صلخا يدبو هبوطر هبسن لض اذا

 عنمت ناشع)selead(سيوك اهركسا مز! steril هن!
microbial growthلاو هبوطرلا

heat sensitive productما بتخرب ال
 اذا العينه كان فيها enzyme(عينه دم 

مثN) بستخدم هاي الطريقة !نه مارح 
يصيرmetabolism يخرب العينه

vacuumنه مافي هوا !نه شفطت الهو بال! oxidation مافي
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Disadvantages of freeze drying

• The porosity, ready solubility and complete dryness yield a
very hygroscopic product.

• The process is very slow and uses complicated and expensive
plant.

55

Uses of freeze drying

• Freeze drying is used mainly for products that cannot be dried
by any other heat method. These include biological products
such as:
– Blood products
– Vaccines
– Enzyme preparations
– Microbial cultures

56

اي غلطة بسيطه رح ترجع 
الرطوبه
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Solute migration during drying

• Solute migration is a phenomenon which can occur during
drying and results from the movement of a solution within
the wet system. The solvent moves towards the surface of a
solid, taking any dissolved solute with it.

• Migration associated with the drying of granules can be of
two types, intergranular (between granules) and
intragranular (within individual granule).

57

Solute migration during drying
Intergranular migration
• Intergranular migration can occur during the drying of static
beds of granules (e.g. tray drying), when the solvent and
accompanying solute(s) move from granule to granule towards
the top surface of the bed where evaporation takes place.

• This results in variation in drug content between granules at
surface and those in the bottom

58

 وا granulلا حطسل powder bedلا نم water solubleلا هدا'ا لاقتنا
 activeلا هنا ظح;ا حروtablet لاب  dryingلا هيلمع ل2خ tabletلا

ingrediant حطسلا ىلع تزكرت
ياه ةقيرطلاب زكرتب يلا وه نوللا نكمم granul تناك اذا

mixing ارجع اعمل dryingالحل انه بعد ال

Type your text
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Solute migration during drying
Intragranular migration
• Drying methods based on fluidization and vacuum tumbling
keep the granules separate during drying and so prevent the
intergranular migration that may occur in fixed beds.

• However, intragranular migration may occur in fluidized bed
systems, where the solute moves towards the periphery of each
granule.

59

Consequences of solute migration
1) Bad distribution or loss of active drug
• In case of intragranular migration,, the periphery of each
granule may become enriched with the interior suffering a
depletion.

• If the outer layer is abraded(scraped) and lost as may happen
in fluid bed dryers, the granules will suffer a net loss of drug.

• In case of intergranular migration, the surface will be rich in
drug and therefore mixing is important after drying.

60

indiviual particelلا ىلع drying اهيف ريصب يلا قرطلاب

خBل الprocessing ممكن تتكسر ا%طراف وهيك فقدت كميه api عالية %نها متركزه على ا%طراف 
فقط
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Consequences of solute migration
2) Mottling of colored tablets
• Colored tablets may be made by adding soluble colors during wet
granulation.
In case of intergranular color migration, the granules at the surface will be
highly colored.

• Intragranular migration of colors may lead to dry granules with a highly
colored outer zone and a colorless interior.
During compaction, granules are fractured and the interior is exposed. The
eye then sees the colored fragments against a colorless background and the
tablets appear mottled.

62

اللون ما بمون ثابت

wet granulationخ0ل مرحله ال colorرح ا8قي اللون احنا بنضيف ال
متركز على سطح 

granulال

 رثأم هن8 8 ديكا؟يذاع يشا له ناو8ا اذه نيابت تفش اذا بيط
)mottled( ةعقرم (بتب هبحلاف appearanceلا ىلع
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Consequences of solute migration
3) Migration of soluble binders

• Intragranular migration may deposit a soluble binder at the
periphery of the granules which is sometimes beneficial due to:
– making the granules harder and more resistant to abrasion.
– increase the bonding process between granules during compression as
a result of binder-binder contact,

63

The influence of formulation on solute migration

Nature of the substrate
• If the granule substrate has an affinity to the solute then
migration will be impeded.

• It is likely that the presence of adsorbent materials such as
starch and microcrystalline cellulose will minimize solute
migration.

• The use of water insoluble aluminum lakes (pigments) reduces
mottling compared with water soluble dyes

64

 bondingموجود على ا&طراف ال A ب binderنه ال&
الي ب< الparticel رح تحرن احسن من Bالي كانت  

اذا solut في بينه وب< الpowder…affintiy اعلى من الaffinityبينه 
وب< ابwater مارح يصير migration &نه الgranule ماسك< 

ببsolute منيح

 كيهو insoluble dye طحب نوللا هلكشم يدنع اذا
نوللا بحست حر ام ي0ا ترخبت ول ىتح
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The influence of formulation on solute migration

Viscosity of granulating liquid
• The viscosity impedes the movement of moisture by
increasing fluid friction.

• Increasing the viscosity of PVP solution has been shown to
slow the migration of drugs in fixed beds of wet granules.

65

The influence of process factors on solute migration

Drying method
• Intergranular solute migration will occur whenever a particular method
of drying creates a temperature gradient which results in greater
evaporation from hotter zones.

• In slow fixed-bed convective drying, the maximum concentration of
migrated solute will occur in the surface of the drying bed.

• Drying by microwave radiation results in uniform heating and so
minimizes solute migration.

• Fluid-bed drying reduces intergranular migration but intragranular
migration can still occur. Vacuum tumbling methods remarkably reduce
migration

66

 ول ناشع هيلاعviscosity هلا granulation liqiud مدختسب
 fluidلا ديزتب(ليقث هن= اهعم هبحست ردقت ام ي4ا تعلط

friction(

 (Apiاعتبروه ال)PVPمع ال granulation liqiud اذا استخدمت
 PVPعاليه الها ساعتها ا:ي بطلت تقدر تحمل ال vicosityوخليت
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The influence of process factors on solute migration

Initial moisture content
• The greater the initial moisture content the greater will
be the moisture movement and the greater the
migration

67

Practical means of reducing solute migration
• Use the minimum quantity of granulating liquid and ensure that it is
well distributed.

• Prepare the smallest satisfactory granules to reduce mottling.

• Avoid tray drying if there is a better alternative method.

• If tray drying is used, the dry granules should be remixed before
compression.

• If intragranular migration is likely to be troublesome use vacuum or
microwave drying instead of fluid-bed drying.

68
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