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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 @xfRJ! che i Olie paLu Sl s palu el Lalsa bay drum|
* The liquid is applied on the surface of drum and spread to a film,

simply by dipping into a feed pan. ligivd(feed]! s o1 5110 Laysissl o3 LuisSs Leabans SN drumJ! s
* 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. .

drumJ! e 8, 15a da,u8rate of dryingJl oSais €5 ol s
Lwds Jilll Lailaigspeed of rotationdls
ot il T, b drumd! @le 35k 05< T, powderd! il Sl Laa
S daulgs (scrap)daiSt Sl kb

Fig. 26.10 Drum drier. =
Nido che  2dio 0
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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

1 1 1 Senb i rapid drying glasi T,
w2 resulting in rapid heat and mass ‘[ransfe;};LI dringd! o thinner <€ Lo thin Gk st sl o I et)

s»<i-L.b) The equipment is compact, occupying much less space than spray dryer.
==%) Heating time is short (few seconds). powder shud «silS osSudrumd] oo sans 0,00
d) The drum can be enclosed in a vacuum jacket.

e) The product is obtained in flake form, which is convenient for many
purposes . “¥(suSflackdSs sl el €5 el 0 ! powder|

M s . I “ _]g_‘i‘s “la
Disadvantage pelSs el Haky b Lgilai

The only disadvantage is that operating conditions are critical and its
necessary to make careful control on\feeding rate, film thickness, speeﬁ
of drum rotation and |drum temperature. ot 3

J/VH/V‘
}/Ig/‘f/itzfl

[P Y —= &)’J!U 2 <J &2 ot

cAryrg

eyl slS 1315 il ey (o8 05 Tobe wlle drumyl ey 131
drumyl sle 4k 0S5 T Ak
thick daus Jas3 7, wlle vicousityJ! sl 1

Dryers for dilute solutions and suspensions

alle o S5 gsolubility) sias amorphous JSui sle JULYT Calayaias W danaios 5lall fia

Spray dryer

* The spray dryers provide a large surface area for heat and

mass transfer by spraying the liquid as small droplets into a
: I8y il =152 L5 e ulall Gl €
stream of hot air. heat and Mass Jaxs T, o Ludl <lsgl!
. i g sius : f
d%@/There are many forms of spray dryers. Parioell st ole e fanster
e o o The character of the particles is controlled by the droplet size.

* Spray-dried products are uniform in appearance. _, , ‘=757 =
. . icel @il le fay JSld!
* The particles are in the form of hollow spheres.  Zi 5 5o

34
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Fig. 30.7 Spray dryep
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Fig. 30.8 Rotary atomizer.
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37
Scanning electron micrograph (SEM) for spray dried particles
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Dryers for dilute solutions and suspensions

Spray dryer

i gt sac s @Il droplet]! oo Slisale (o3 ¥ @ 150 TLdryingd!
Advantages o e ~ .
Advantages evaporation agll yra agles odl|

—= 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 Csof—rapid
. . 8 ) bQ:r/\V\SL. Mmafpkul
dissolution. RO =0k

1 The powder has a uniform and controllable particle size.-sdroplet sizeJt ssasl <
» The product formed has excellent flow and compaction properties.

e Labor coits are low.

y
Peeckice) 1 s ate
%\BLQS ?\">\ &t Shhert oA 7
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Dryers for dilute solutions and suspensions

Spray dryer

Disadvantages SV 4

_The equipment is very b_u__yik and expen; sive (may be as much as 15 min

ool Z height and 6 m in diameter).
» ~The overall thermal efﬁ\g'l,/gncy 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
article.

Sleall ale JSan 4, all 4llaill K
81 by 4ady 8)5a fds a3
G dLls 60 (e Sleadl Tigas
Jias a3¥ adlls sa9 (S clogll
Bl yomn 7,y 9 131 Y AL
Lghy o8 Hlo cliag
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Dryers for dilute solutions and suspensions

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 Sterﬂe products‘ powder to beJ! s steril powder giusy 4suiil jui,
reconstitution

* There are three major uses for spray drying

1)) Drying heat sensitive materials o' 5! 3k o s © diyinglly 6 thrmal efficencyd! <

heat!

—2) Changing the physical form of the materials for better properties

~ 4o

_46

— 40

(flowability and compressibility)

__3) Encapsulating solid and liquid particles €0ating Jass Jilw ey
Cove + shiekdh

5l 52K Laall Lada | 0, 6l 5o b ol oras i 3,1 (freezing) ssasill b e Cinias
Als 5,0 a dayo e A T, wet particel) cla

bloodJ!s protienJLs; biological compoundJ! ¢ heat sensitiveJ! goasicus
microorganisumJ!s

Sliie @i ol Ll ans Jalll baall e ldlad dessiullivacuum! &l Sleall s d<iss
3Y 1 1ia g L Bls foam 55 (b galy usw water ¢as AL ¢, el Ll pressure]! @i
|wm,w|uunw|uu|& L gar) sublimgtiond! Jasss ssass clia ol

Freeze dr rying (lyophili LZ,a_lUWIM

~C {;/ \/il"cum't—\
-

Sopuldre— w2l

* 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).

cﬁ,/h vepior’ )}y o7 &g OV

e
o> — Blo.D

p.,, re o o J
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Freeze drying (lyophilization)

aedl a5Y freez dryind! Tass agdl QL@

LA

* The theory and practice of freeze drying is based on understanding of thie
Uphase diagram of watet

and the

) .
/

s\

Verewum N\ C/;/(gu_;

following practical problems: &

— The depression of the freezing point caused by the presence of dissolved
materials. freezing pointJ! Jis ¢, LS solute L ol salll 131

oo b yualyg ke
— Sublimation can only occur at the frozen surface and is a slow procesgieezing surfaceJ!

At low pressure large volumes of water vapor are produced which must be
apidly 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.

pele cols Lo aalsl s (55 stril product ! LLe

Lk Luai gl

Pressur ole sl Juls
L3 8,1, aersoild
o T80l @) 1)
S Lgias, 15l ligiudJ!
9as 55 51 bhis

Tvpe your text

—

A —

/“’,vé/c&; pﬂ V”(’r
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Stages of the freeze drying process

1. Freezing stage &
fessure 3oz 2 - Vacuum application stag™
3. Sublimation stage -

s b0 1 g Secondary drying "

5. Packaging
T

A benchtop manifold freeze-dryer

Stages of the freeze drying process
Freezing stage  f..-

* 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.

vacuwn (,&-;\)j:b L &

* Two common techniques are used: liguid Js
2t 3l S0 ) Fozen A 20
— Shell freezing &= sesi clas thin layer. o< frezzingJ! dea slte gl le Jill 254
— Centrifugal evaporati ezl g 4l sl Ansiver
latent heatJ! cawa .vacuume s 3les aosiow  [EEERIRNEREES TN PR (VA i R (RPSGTE
slad Saaas LYl Ty 9l a1 L Ul oy Al il ol o s sl g
wlagg Jiladl 54 o lae centrifugalss sles assion 0 pealen ol g o381 i b claloll g el o

9 ol iy gl el

9 el 8y ey o g e Al Ul LT el Yo el i i




Stages of the freeze drying process

Shell freezing

» This 1s 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 é/‘)
Disadvantages:
b : - N > \*;:j
« Freezing is slow — C=¥* Fugal >0y,

+ large ice crystals form which may damage blood cells and
reduce the viability of microbial cultures

sala il,bI dl ice crystal o3 <s T, shell freezingJL

productJl s A Tiaa oSads
47
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é/ ) ¢ o

(b)
(a) Spin-freezing of a vial along its longitudinal axis and (b) Spin-

freeze-dried vials. Reprinted from (De Meyer et al., 2017).

centrifugation \ R

Vacuum

Figure 1
& 48
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Stages of the freeze drying process

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.

o e [ S NI ETES T[S Grosstnd o b el C 0 [l (£ et | ot [ st oy e I [ (e
(ORARLT Lkl Eaufll el e B2l (55 il (5555m ok Slem B Bien Losla o Uslall U532 o3

deyens dolall s oMLy o A lSI 55 all fpa L ESH AI5) o] (Seths Lan AHAN B, lm Eoys o8 Jolak | L2 & 5800 pansy
SSTENEE Sy

cedlay ) sl dals Yy conanill cadatll S U e %20 ollsa U] a5
o¥gaa¥ ) spanil Sule 4kl o ia anniiS

Ldlad (B W UL o3l Chudnilly (ealeally saladl UI5]) (o315 | Chadaill (e, cnilaye e aranilly Caydadll o3,
@ .alsill o1 LeSall (Al qials Sulll iy ole Tulaall sia

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.

triplepoint]! «al pressure]! J3! g

triple pointJ) cye J3I yuad (Gal vacuumd! sk e pressured! s Laaas Sl vy il Jsf
oilids vacuumd! e i sag

triple pointJ! «ail pressure]! Jyi ols¥!

pressureJ) gy Lo oiad gllay 5l 1 coa 4G (Ul

i product]! I8 1531 LLia L5 triple point]! callpressure]! Jyu ol

viale kg yo wlas &ua vaccumy! ole Lilsy
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Industrial-scale lyophilizer

51

Stages of the freeze drying process

Sublimation stage (primary drying) Ll 5, 1a ol e s dryingd! osa

* Heat of sublimation must be supplied. Under these conditions the ice

slowly sublimes leaving a porous solid which still contains about 0.5 %

moisture 3l yuma 05 el T, Il I ¥ porous o s<s sunlimation staged! o alls 51 powder!
) moisture%5. «adias Juais powderdls volumy! suiss Juii ¢, ¥ edlel s

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

#{«w > The vapor formed must be removed continually and efficiently to

R s prevent the pressure within the container rising above the triple point
pressure.
* The drying rate is very slow (I mm depth per hour) which is at constant
rate during most of the time.

Imm(thin) gSew sl powder]) oy giing y deles S
olig¥l alaas cull o 6Sa drying rate]!
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W, Stages of the freeze drying process

Secondarv drving 5yl days &y a3l Bk e secondary dryingd! aasicl ¢ Le palal Gasg sk s Jua 15

* 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 °C.
Ss) 6)'})93))
Packaging Z’% e
J-/[Attention should be paid to packaging freeze-dried products to ensure
protection from moisture

e s I e s o Lise(selead)pussS Lo Sl a3Y steril <
J@@ U oy, microbial growthJ !y 4 sh !l

53

heat sensitive productJ! <24 L
pd duc)enzyme Lps oIS aall 1)
Tobe ¥ Gkl gla auaion (S
Luall LA metabolismyas

Advantages of freeze drying

* Drying takes place at very low temperatures, so that enzyme
action 1s inhibited and chemical decomposition is minimized.

VW{ The final dry product occupies the same volume as the original

solution. Thus the product is light and porous which enhances
dissolution._ - . Pofors I\ — &

* Oxidation is minimized as there is little contact with air.
vacuumdls s¢!l cibhiss o3 sa oéls 4¥ oxidation il
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Disadvantages of freeze drying

» The porosity, ready solubility and complete dryness yield a

very hygroscopic product. & Tt «ii j:

* 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 consilie
— Vaccines mvet
— Enzyme preparations

— Microbial cultures

56
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sl granulJ! ol powder bedJ! : water soluble]! ssll! JLEs!
,Lnye(ﬁqu%fe,actlvedl Gl baYl ¢ ystablet JL dryingd! «lse JSA tablet!

bl ole &S5 ingrediant
G Prarsel e sl Baoblly 3555 o1 5 Gl oSas granul < 1l

Solute migration during dryiiig

» 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 iranules) and
intragranular (within inc&ividual granule).

glanul S ad
gCunul X Vo=
\( \r\\c \QibQ
v OV
A [ ® ® [
@ 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

M\""/f é@fPJ l’ar\}

58

mixing Jec! gyl dryingJ) aas <l Jall
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indiviual particel)! sle drying Lgs sums o1 G,kIL

Solute migration during drying

Intragranular migration

rying 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. - P@(\CQESE W gy selur Sl b

 If the outer [ayer 1s abraded(scraped) and lost as may happen
in fluid bed dryers, the granules will suffer a net loss of drug.

Sy ol 8350 LY dlle api 4aeS @add chiag SILLY T 0S5 Sas processingd! g
o

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

60
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Fig. 30.12 Diagram of mottling caused by intragranular migration.
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e 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

&9-'-” w:m CJhlghly colored. wet granulation]! 4l e A color]! Ciuas Lial

b ol sSuIntragranular migration of colors may lead to dry granules with a highly

granulJ 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.

Sle ¥ ¥ uSIogile bl Ja Gl 1ia ouls il 5] culs
(mottled) i3, o 4alG appearance]! ole

62
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& Consequences of solute migration' »
e Alel (3
3/1 Migration of soluble binders

* Intragranular migration may deposit a soluble binder at the
periphery of the granules which is sometimes beneficial due to:
Voo s B ptesurbue o making the granules harder and more resistant to abrasion.

— increase the bonding process between granules during compression as
a result of binder-binder contact,

]
bondingJ! S1,kYI gle ysa90 A & binder]! 4 -
S WIB oo cual 525 T, particeld) o Q
0,0@/' e—

e o
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The influence of formulation on solute migration
awaffinityd) e olel powder...affintiyJ) (s s o4 solut 13
oSwle granule]! ¥ migration yua T,k watero! (s
e solute s

« If the granule substrate has an affinity to the solute then
migration will be impeded.

Nature of the substrate

o It is likely that the presence of adsorbent materials such as

starch@ocrystalline cellulose will minimize solute
migration.™__— Wu%/w/ v Nla oo

» The use of water insoluble aluminum lakes (pigments) reduces
mottling compared with water soluble dyes
cliag insoluble dye laas (sl dl<itis Suie 13
Ol i 5 Lo ol pas o (B

EoLaall olsally Jelsall .2
(b @3e) dyliall Boladl dSy> Caolj ddodl dygh | Colj LalS s 5ludl dxaS -

el lgi¥ 8yamgll Jiy (MCC) jolulundl o7 (Starch) Liud] 45L5] : (Adsorbents) &5l dlsadl -
LailKo (8 Lgiilip Solall
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The influence of formulation on solute migration
o olise wlleviscosity I granulation liqiud asxiew
Viscosity of granulating liquid = Vi)' =988 9 low i i Lol calk

(friction

* 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.

(ApiJ! a5,:3c )PVPJ! ¢ granulation liqiud cueasil 131
PVPUI Jaad 58 el (o1 Lgielew Ll 4ille vicosityealss
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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
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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.
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