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Introduction

how does a spray dryer work?



Introduction: pefinition

g of an atomized solution or suspension in contact with a
of hot gases, under condition which permit the recovery of
g product.

Spray drying operation can be divided in 3 major operations
® Atomization of the solution or suspension

® | iquid droplets are mixed with hot gas in the drying chamber where

evaporation and drying of the produced liquid droplets take place.

— Design of drying chamber must provide adequate residence time for the
droplets to be dried

® Separation of dried particles from drying gas



IntI"OdUCtiOn e Pros&cons

rate of drying due to high surface , heat & mass transfer are very
- drying time from 5 to 40 s.

articles remain at or close to the wet buble temperature (adiabatic
saturation temperature) of the drying gas - Product is protected from
high T

® | ittle or no decomposition of material being drying

® Absence of pretreatement steps such as precipitation and filtration, which

are often required in conventional drying
® Disadvantages

® High investment

® Could leads to a low bulk density of produced material
® Dried material loading

® Requires secondary drying



IntI"OduCtiOn o interest (1/2)

pray -drying can be chosen?
od for removing water or other liquid from the liquid stream

obtain dry extracts when no crystallization is possible during synthesis
mall molecules

® Dry powder aerosols & heat sensitive materials
® To obtain dry extracts of active raw materials from plants

® To manage solid properties : Improved drug or excipient compressibility
by managing density, flowability, and specific surface area

® Encapsulation

»Matrix microcapsules containing drug substance and a biodegradable
polymer are usually prepared by spray drying in order to obtain
controlled drug release formulations



Introduction: interest 22

ased bioavailability

mplex formation

® To fix mixing homogeneity (formulation)
® Alternative to freezing for biologic pharmaceutical drug product

® To mange supra high concentrated for biologic pharmaceutical drug
product

® Fconomical process for high tonnage products



IntI’OduCtion: applications

ay drying Is a very widely applied technique used to dry
eous or organic solutions , suspensions and emulsions in:

ood industry : baby and infant food, dry milk, soups, instant coffee
tomato paste, eggs...

® Chemistry : polymers (emulsions), aluminium chlorohydrate,
ammonium nitrate, ammonium phosphate, magnesium hydroxide, zinc
oxide, zinc sulphate, bleach powders, carbides (titanium, silicon,
tantalum, niobium), catalysts for inorganic and organic chemical
reactions, ceramic metals, detergents, dyestuffs, pigments

® Agro chemistry : formulations of pesticides, herbicides ....
® Flavor encapsulation
® Electrical insulating material consists of spray dried aluminium oxide

® pharmaceutical and biopharmaceutical industry: spray drying is
often selected to transform the active pharmaceutical ingredients in a
powder and to manufacture solid dosage forms containing peptides,
proteins or poorly water soluble active pharmaceutical ingredients.



I ntr Od uc l‘i0n/ Example of formulation :

Jet milling

l

pesticides or herbicides

» The spray drying leads to easily
flowable and porous particles,
which are directly used by the
customer (dispersion in a tank

Dispersion in
water +
surfactant

prior to spray on plantation )
» High surface area (jet milling) but

not dusty - EH&S advantage for

l

the customer farmer

Spray drying
Inlet :250
Outlet: 85/100

» Formulated with surfactants :
enhances permeation in plants




Ir Od uc tion/ Example of formulation by spray

drying :Instantaneous coffee

Coffee extraction

1

Preconcentration

(30-35% solid

}

Spray drying
Inlet :220/300
Outlet: 85/100

» The spray drying leads to

easily flowable and porous
particles (100-400u)

water penetrates quickly in
pores an coffee dissolution is
quick

Pressure nozzles and/or spray
drying + agglomeration are
used



ntr Od uCtion/ Flavour encapsulation

Microencapsulation of flavor is a technology of enclosing flavor

compounds in a carrier matrix
» Improving the chemical stability of flavor compounds

* Providing controlled release of flavor compounds firom micro-
encapsulated flavor products

» Pi owdmg a free flowing powder with improved handlmg p} oper ‘ties.

AT

;‘ Flavor

Flavor emulsion (Liquid state) | Encapsulated flavor powder (Solid state) I

Various encapsulated methods have been proposed. Among them,
spray drving 1s the most common technique to produce flavor powders
from food flavor emulsion.



oduction/ Use of Spray drying in pharmaceutical
industry

@us uses of Spray drying in Pharmaceutical Industry
® Drying Technique for chemical APIs

® Drying technique for biotech APIs & vaccines

® Granulation by spray drying : standard or fluid bed spray drying

® Drying technique for the production of nanocrystalline suspension by top
down process

® Bioavailability enhancement/modification by spray drying: solid
dispersions- Depot formulations

® Inhalation compounds by spray drying
® Alternative to freezing for biologic pharmaceutical drug product

® To mange supra high concentrated for biologic pharmaceutical drug
product

® Spray chilling



ction/ process flow chart for the manufacturing of nano-
crystalline drug product

e Water

API . .
:\ Suspension preparation [ subilizer

Wetting agent

ionic small molecule) l (large molecule)
Particle size reduction
Redispersant l
(heating —+ Colloidal suspension
protectant)

l

Spray drying —> Water

l

Ecipient —b Mixing & tableting

13



duction/ process flow chart for the manufacturing of
amorphous solid dispersion

PR— Polymer

M — Organic soluti
rganic solvent rganlclso ution <e—  Surfactant

Spray drying —> Organic solvent
Secondary drying —> Organic solvent

l

Dry compaction

1

Tableting

14



oduction/ process flow chart for Spray drying as a
granulation technique

API -
Excipient ::l Aqueousl solution — Water

Spray drying —>  Water

1

Excipient —-} Tableting

% Spray drying of API suspension including classical water soluble like
mannitol can lead to direct compression products

% It could be a way to formulate nanoparticles suspensions or jet
milled solids. Could even form a kind of “standard” formulation.

15



Fluid Bed at the exit
of FSD4 at Hovione

Granulation

Example 1:

* FSD
* poor bulk density
* not direct compressible

Bulk density < 0.2 g/ml
_ D,50 ~ 260 um

e effect spray dryers : with fluidized beds

* FSD

» good size and density

Example 2:

Bulk density ~ 0.6 g/ml
D,50 ~ 180 pm



API
Organic solvent

Excipient

ction/ Spray drying as a microencapsulation technique

Sustained release

::l Organic solution

— Polymer

1

Spray drying

—> Organic solvent

1

Secondary drying

= (Organic solvent

l

—+ Dispersion manufacturing

1

Freeze drying
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uction/ Alternative to freezing of biologic drug product

—;‘ Centrifugation 1—+| Depth filtration :—r] Polish filtration ‘

v

» Drug substance

Filling in primary
packaging

= Drug Product
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Spray-drying pulmonary products

¢ Feedstock

¢ Atomization Food
¢ Powder Collection Micro-
encapsulation
] 30 to 40um
¢ Spray Drying enables
- Homogenous Typical
particles Pharm
10 to 20um
- Controlled size with:
— Low moisture Pulmonary
— Small particle size Powders
(<5 um) 1TtoSpum

— High drug purity



Introduction/ Known capacities

(western countries only)
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Plant design

s Different types of spray dryers

% Air flow pattern




lant des ign: Typology of spray dryers

Typical spray dryer

/7
0’0

- Loop spray dryer

Multiple effects spray dryers

» Spray chilling / prilling



t des igﬂ-’ Typical spray drying installation

jon/suspension is sprayed in hot air. Particles are extracted
bottom of the spray dryer and /or at the bottom of the
@ne separator
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Plant design:
Multiple effect spray dryer

Rewet agglomeration

%+ Fines are re-circulated
in the spray dryer and
granulated.

Product loni

sl

<+ Interest-> big particles,
but poor density

Drytec Itd, England

Prosduics eaitles



Plant design:

ulation are optimizedt
ug product specification

rocess where hardware

o

Closed pressurized loop for flammable solvents

Limited inlet gas temperature
for correct density of product

Nitrogen as drying gas for
elimination of explosion risk and
closed loop to minimize nitrogen
consumption

Dryer designed
for sufficient gas
flow

u;' \
Solvent[Tank  Solufi

Constante feed pressure and

constante feed rate for a
constante particle size

|
{ 7\# /
\ Process Heater / ',-J\
System Gas
Blower
A Condenser
— 1 \

Condenser temperature
to limit gas composition
and therefore product
residual solvent

Product collection
design for high yield

Outlet temperature = (drying and
product temperature)

Drying chamber design for
sufficient residence time




Plant design:
Spray chilling

ssible variant of spray drying: This process is an
ernative to spray drying for the encapsulation of solid

Particles. The transition of a melt from a soft or fluid state
{0 a rigid or solid state by cooling is called spray chilling.

Polymer —> Polymer solution
APl =—>

Spray drying

® Applications : agrochemistry,
explosives, taste masking,
pharma




Droplet

heating

Plant design

Conventional Spray Congealing

Melt is atomized in

small droplets.

Cool congealing gas

RS

Drying chamber

size ~

size.

Particle

cooling
Gas

_>|:

|_| Recycling
gas i Unit |
Cyclone ———» :

Dry product
separated by a
cyclone or a filter bag

Product

Example of products :
encapsulated vitamins

Prolonged releaze product



Plant design:
Prilling

ir is disperser at the bottom of a high tower.

liquefied product is fed at the top of the prilling tower via a
illg or atomizing nozzle to disperse liquid droplets into the chilled

€nozzle is often vibrated to help a very good calibration of particles.

the droplets fall they cool and solidify individually forming spherical
a@lls referred to as prills.

Fhe prills collected at the bottom of the tower and are discharged
through a rotary airlock.

® Applications :
agrochemistry,
explosives, taste
masking

® Modified release




Plant design
Shape of drying chamber

er chambers are in the shape of a
converging to an inverted cone at the

~: dpe of the chamber is selected according
theshape of the atomizing device that is to be
d'ira given type of dryer and on the desired

duct properties

~30Fying chambers can be divide in 2 categories :
tall and small

® Tall chambers are characterized by the ratio of their
height to diameter exceeding 5:1

® Small chambers usually have a ratio of height to
diameter around 2:1

more frequently used, mainly because they allow the
usage of both atomizing discs and nozzles




Plant design:

Example of pharma execution (Hovione)

RO S e L
- T _.:h._.‘_,__l__.-'ﬂ' E ____'lf_!._,_ ks B
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Plant design:

Scales of production...

Bijhi Minor | 44
mobile PSD1




Plant design

Available scales for the pharma applications

Niro PSD (Pharmaceutical spray dryer) :

®PSD 1 (= “minor mobile”) 80 kg/h N2- ~2 kg/h water- 8 kg /h
DCM

®PSD 2: 360 kg/h N2
®PSD3 :700 kg/h N2
®PSD4 : 1250 kg/h N2
®PSD 5: 2500 kg/h N2



Plant design

Examples of special execution (Kilburn)

® For very heat - sensitive products :
flat bottom with side air ports and
air sweeper to cool particulars
before collection; centrifugal
atomization; low headroom.

® For large fragile particles (e.g.
coffee): tower with co-current,
liner air flow; setting zone with
air inlet separates and cool
products; pressure nozzle
atomizer.

e —— s = = e o]
I .




Plant design:
Air flow pattern

Co current flow

s Counter current flow

» Mixed (fountain) flow



Feed In

Had Iiryving.
Alr In

Alr & Pradhiel Ot

SDS documentation

Plant design

Co current flow

» Drying air streaminlet and the atomizing device are

both placed in the upper part of the drying chamber.

+ Co current flow : liquid droplets are submitted to the

highest gas T > the thermal energy of the drying gas
is utilized to evaporate the abundant solvent > the
product is heated the least.

» Is used for thermally sensitive products (eg food,

flavours, pharmacy)

» Is less efficient (like any co-current heat exchanger)
» In cocurrent dryers, both atomizing discs and nozzle-

based constructions are used.

» The atomizing device chosen is influenced by the

drying chamber shape and the powder properties
desired.



il
BT T Feed [n
a
"

SIS documentation

Plant design

Counter current flow

Counter current flow spray dryer: drying air inlet
placed opposite to the descending dispersion
droplets

The atomization of feed occurs in the direction of
the bottom of the chamber, and the drying air is
supplied from the bottom

nozzles are the most preferred type
Interest : higher residence time

Only for dense and non thermally sensitive & non
combustible (The final temperature of the product
is higher than the outlet/exiting air temperature.

products, typically mineral products
Products which require a high T treatment



Plant design

Fountain spray dryer

* Fountain spray dryer (Mixed case): The term
“combined flow systems” refers to dryers in
which the feed is atomized in the direction
of the upper part of the chamber, counter-
current relative to the drying air

4 FeedIn < Interest : higher residence time, handling
'- f v coarse product in small chambers

Afr & Prreddoed Chit

> Non (too) sensitive products

SDS documentation



Plant design

Atomization technology

tomization refers to the formation of a liquid suspension in a gas

tomization causes the formation of very large surface areas that are
Xposed to the drying gas

This large surface area facilitates the heat transfer from the heated
drying gas to the atomized fluid particles that results in evaporation
of the solvent in seconds, and mass transfer back into the gas phase.

# As a result, the drying material never reaches the inlet temperature of
drying gas.



tary atomizers;
Hydraulic (pressure) nozzles;
Pneumatic nozzles; and
Ultrasonic nozzles.

Plant design

Atomization technology

Atomization

B Rotary atomizer
Pressure nozzle

Two-fluid nozzle Two-fluid nozzle
fountain mode Co-current mode




Gas ]
Stream ﬁﬁ% &

Liquid —— AN

Plant design:

Bi-fluid (pneumetic) nozzle

due high frictional forces over liquid
surfaces

» the relative velocity between the liquid and

gas is the main driving force of the
atomization process

Advantage : very versatile

® Broad dispersion, fine particles

A, B : parameters depending
from nozzle and liquid
properties (viscosity, surface

M tension)
-|—B( “ir)_'g Vrel : relative air/liq velocity
Miq Mair/Mliq : air to liquid mass

ratio



Plot design

Example of a bifluid nozzle

he impact of the
as/liquid flows is
ritical

igher is the ratio
gas/liquid, lower
Is the particle size

Tests on a Niro minor mobile and on

d50 vs QN2/QSol

A Niro
® Drytec

QN2/Qsol

a Drytec (equiv to PSD2) pilot




Plant design

Pressure (one fluid) nozzles

» Principle : liquid is accelerated in
turbulent, regime through a small
orifice (0.4-4 mm):

P ~Q? (for a given orifice)

» Pin the range 20-200 bar

» Not suitable for high viscosity
feed

n kPa

m Mpa/s
% can produce particles within a
Ex amp narrow range of sizes (50—
400 um)
d3/ 2~ —> Requires a special high pressure

pump



Plant design

Pressure nozzles

ssure nozzles require special high pressure
ps

i0\v and droplet size cannot be changed

independently > need to customize the nozzle for
the flow

PSD is narrow, and much bigger particles(up to 300
M) can be obtained

® Q <3 m3/h/nozzle = multi nozzle installations

® Pressure nozzles are very good devices for routine

production of coarse product

1
-
rE

h
THTEE o E.

.....
......
______




Plant design

Atomizer wheels

B Liguid Feed

i

V%
; .

: T R

i iyt e

b o i
i
' e )

® shape of horizontally fastened wheel or discs, to
which the feed is supplied

® Principle : accelerating the liquid off the edge of a
spinning wheel (10.000 -30.000 rpm)

® Size of particles depends of d, N (rom), liquid flow
and physicochemical data.

KQI“ ® Produces more wall deposit
N ”dc(noh)d
Q: kg/hlig; ny numbers of vanes, K =1.2-1.7x10*m, a :0.1-
0.2,b:0.8; c: 0.6 d0.1-0.2

d50 =




Plant design

Atomizer wheels, continued

Chamber diameter (m)
O =~ NN W b 01 OO N

Chamber diamterer versus particle
diameter for rotary atomizer (from

K.Masters)

*

*

o

50 100 150

Particles diameter (y)

Drying
chamber
needs to
be
selected
according
the
desired
particle
size



Plant design

Atomizer selection (from K.Masters)

r rotary Pressure nozzle 2 fluid nozzle
Eilow ]
-current X X X

Cuntercurrent No X X

Mixed No X X

Low viscosity sol/sklurry X X X

High viscosity sol/slurry X no X

Abrasive X no X

Paste X X X

weonre [ R
<3m’/h X X X

>3 m*h X Multiple nozzles Multiple nozzles

30-120 p X X X

120-250 p no X no




Plant design

Particle size selection form different nozzles

id and rotary atomizers tend to give finer particles/broader
SWributions

¥e@ssure nozzle give tighter distribution, generally bigger particles

Typical Particle Stze Distributions Bfiuidnozle vs pressure ncezle
of Spry Drid Boduct
1%

|

25 p ﬂ /\
ERE 8
u .
£ 1 < /A — Beepessin
5 \ — Bisetitice
#17

j -

0

il a 100 120 140
Particle Size - Micron

o N A~ O

/
J

ot 01 1 10 100 100

— Hamowe istrination (Fres e Aom intion)
—Bovad Disrbution [T Cntrfugy] Aot @)




Plant design

Atomizer selection

se bi-fluid nozzle in pilot plants, because of very versatile
erformances, or for very fine particles

@/se rotary atomizers for multipurpose plant, with great
gdiameter chamber

® Use pressure nozzle for mono- product plants, especially
when tight distributions are required




Theory

Process design

‘Critical process parameters



Theory

Critical process parameters

mperature of air: higher the temperature of inlet air, faster
moisture evaporation but the powder is subjected to higher
Perature, which may impact he chemical/physical
uality

utlet temperature of air: it control final moisture content of
powder.

® Viscosity: high viscosity hinders correct drop formation. As the
viscosity is lowered, less energy or pressure is required to form
a particular spray pattern.



Theory

Critical process parameters

ntent: care must be taken with high solid loadings (above 30%)
tain proper atomization to ensure correct droplet formation.

griace tension: addition of a small amount of surfactant can
ignificantly lower the surface tension. This can result in a wider spray
ttern, smaller droplet size, and higher drop velocity

ed temperature: as the temperature of a solution to be sprayed is
ificreased, the solution may easily dry as it brings more energy to the
System.

Volatility of solvent: a high volatility is desirable in any drying process.

Nozzle material: most pharmaceutical applications use stainless steel
jnserts. However, tungsten carbide nozzles are often available and have
excellent resistance to abrasion and good corrosion resistance for most
feedstock.



Theory

al process parameters: Close loop ,Spray drying :role of
condenser T

nser temperature is critical
@ntity of solvent recycled.

résiduel vs HR calculé

6

IS\Wery sensitive for easily boiling % resime =25
nts'fe.g DCM)

B restime=225s

FY

® restime=20s

g RH of gas results in a high
ivent residual content-> Risks :

Stickiness (amorphous products)
® Physical / chemical instability

%loxx Mettler
w

L8]

=P uissance
(restime =25
secondes)

RH {model)



Theory

‘Particle engineering



Theory

Heat and mass balance

given by cooling the gas (0)= Liquid +solid
t heat of vaporisation (1) + (heating p
pour and solid to outlet T)(2) + heat PN £as
losses (3) Tinlet
. losses

(0) = Q. *Cp,*(T;-T,)
(1) =Q,*L (latent heat at RT)
(2) =(Q*CPyapour™TQ*CPggiia) *(T,-RT) » Toutlet
(3) ~h.S*(T,-RT)
Typical value of h = 2-3 kcal/h.m?>°C

vapour+ solid+gas



Theory

Heat and mass balance continued

® Moisture balance :
® Input = Output



©Q (or PQ) testis to
términe the heat ‘(loss)
nsfter coefficient , by
measuring the inlet/outlet DT
ithout drying
® 2 measuring the inlet/outlet DT
with drying several
water/solvent flow

Theory

Heat balance application : OQ tests of evaporative

capacity

water fllow (kg/h)
- N w N
-  » N wm w » ENEG

o
3

o

Water spray rate vs, Q.Cp A T (kcal/h)
Anhydro Micro CC 150 (Vitry)

y=0,0019x- 3,2434
R®=0,9981 *

&
v

o

500 1000 1500 2000 2500 3000 3500 4000

Q.Cp A T (kcal/h)

4500
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Theory

Heat balance application : Use of the simulation tool
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Theory

Use of the simulation tool

Input Data :

‘Heat transfer coef

‘Gaz flow

- Temperatures : ‘

in/out, condenser
‘Feed composition
-SD Geometry




Very good
quality of the
predicted
Spray rate

Use of the simulation tool- interest

Theory

15

Process simulation observed /predicted
SAT test Anhydro 150

-
o

¢ Water
A DCM ol

- ——-identity line P

[¢)]

h =3.9 keal/(h.m?.°C) -

predicted spray rate kg/h

5 10

Observed spray rate kg/h

15




Theory:
Drying kinetics

Necessary residence time
Gas T

At the outlet, T
Droplet T particle ~Tgas

‘ t

Crust formation




Theory

Heat and mass transfer

® Coupled heat & mass transfer limitation
at the beginning

TG As long drying is quick , the temperature of the

droplet remains low. If X; >> Xg,the surface T
remains constant (wet bulb T)

q=hr(Ig-Tg,)

m=ky(XG-Xg ;)



Theory
Second part of drying:

Porous crust

m/

dt
Non porQus crust

Time



Theory

Particle engineering

® Paricle engineering



sical situation and key control volumes
of the spray-drying process

FEED SOLUTION

Soiution Feed Rate (Mygy)
- ‘: DRYING GAS
P
—— e ),
I 1
i i
! i S 2 ® particle size can be
! i i onngll controlled by the
i i VOLUME Orying Gas atomization conditions
i | Dropit o and morphology can be
i B i ’ manipulated by the solids
I THERMODYNAMIC ! . ] '
: CONTROL VOLUME! Skinned concentration and drying
: (oo oy temperature.
\ \/ SPRAY-DRIED ‘
- PRODUCT: Dried SDD
Dryer Outiet Temperature (T, ) Particle
Relative Saturation of Soivent (%RS__, ) - o

d]s.=3 xsx@xdd
,‘ Pp




Theory:
laude Eugéne Péclet
3-1857-Physicist Peclet number approach

atio between droplet evaporation rate and diffusional motion
f the solutes (Peclet number) is used to explain the different
aths of particle formation.

Bow Pe number ->the diffusion motion of the solutes is fast
compared to the velocity

® The droplet shrinks while the solutes migrate to the droplet center

® | ater on the drying, saturation (or supersaturation) is reached and
dense and solid particles are produced.

® high Peclet numbers, the evaporation predominates and the
surface becomes rapidly enriched in solutes that precipitate.

® A dried layer is formed instantaneously at the droplet surface.
Hollow, light and porous particles are formed



Theory

Peclet number approach

laude Eugene Péclet
D3-1857-Physicist

larger d,, lower g,

P B ard Ml by s Ay

hNEKTAR




Theory:
act of process conditions on morphologgy and proprties of
particles

er/particle Powder Particle size
dual solvent flowability distribution
content

Feed composition
Method and conditions of atomization
article Residence time Bulk/powder
rength Drying temperature density
Dryer design
Gas composition

St

Powder color Powder Bulk/powder
density redispersibility compressibility



Theory

t of process conditions on morphologgy of particles

T (70°C) < boiling température

o
cdgfed egg and skimmed milk. Semi-instant skimmed milk.
conc. 15% w/w, Drying conc. 15% w/w, Drying temp. °
temp. 70°C. 70°C.

Sodium chloride. conc. 15% Sodium benzoate. conc. 15%
w/w, Drying temp. 70°C. w/w, Drying Temp. 70°C.



Semi-instant skimmed milk. In. Gelatine. conc. 15% wiw,

conc. 15% w/w, Drying temp. Drying temp. 200°C. ®
200°C.

Sodium dodecyl sulphate. conc.
15% w/w, Drying temp. 200°C.



Theory
Example of matrix system (API X)

Collapsed and hollow particle are formed




Theory

Drying effect on particle structure

Gas escapes
TR through pores

CRUST
NG CHANGE @

_POROUS __ @
RIGID

= "o cHANeE S = f( fragility,
~O0-0—-0 -6 "0 2 — o chee —— B Tinlet and
orohes alh T o @{ crystal
‘:}"CFE? TGARLow ™ g rOWth

¢

Figure 8.7 Characteristics of droplet undergoing drying (outlet drying air below boiling point) (based on Charlesworth and
Marshall®)
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Scaling Up (or Down)



Scle-up

Scale-up/ scale-down
what will change ?

tion :
cale system can only support 2 fluid nozzles

all particle size can be reached

i€ld is always bad : (typically 50-70% in a Biichi)

Sidence time is very short ( 2-3 seconds in a Biichi vs 20-40 s in a
e unit)

at losses are up to 50% in a Biichi and less than 10% in a large
it *thermal story is significantly different (Peclet and particle
hape also)

Lhe product is poorly representative- but “big trends” like
morphisation or not , aggregation of nanos etc... can certainly be
een



Scale-up/scale-down

oving to PSD 1(minor mobile) or Anhydro MC150, the
s is much more representative- still not fully

chrlarger particles can be obtained , but very large (> 100 u) can
rtainty not be obtained

st probably using a pressure nozzle will stay a challenge — bifluid
nozzle is the most adapted to this chamber size

an be used for phase | or non pivotal phase Il



- Scale-up Scale down

® Residence time effect :

®Due to short residence time at a given outlet RH, the “Buchi” product will be
more wet.

Biuchi short res. time

m low res. time
Equilibrium

' /r infinite" res time

Residual solvent

Outlet RH



Scale-up

Solvent consumption

b I Please consider the environment

before ...spray drying

® Never forget the economic and environmental aspects !!

® A 6 % solution with 20% active means :

~80-100 kg solvent/kg API
80-100 t/ solvent /t API

2400-3000 t solvent for a 30 t/y API lll =
240-300 tank trucks /year !l



Sacle-up

nplementation : high buildings are required

-lmrm-_ HI

i fn
drying is a room
ming technology
lbis @solvent consuming
féechnology




Scale-up

arge investments(*) : examples of “PSD 5” installations

Probably the 2 largest units of this category worldwide

Ptizer now HOVIONE
Loverceptib 80 MUS $

Cork Ireland-
(*) especially for solvent handling units




Scale-up Practice:
Theory is OK .. But what about practice ?2?2?

()
(g
\

\
\

/

\

fl'
}/‘/
T /‘

air disperse ]
ck flow ma
g particle on I I I I

the roof

Hammering ! I \
Chamber : deposit on the / I

B O

cone ® Efficacy ? Loose /
small density particle
*Nozzle angle ? A A may escape !
*To wet powder? Tg ? Blocking ?
*Poor flowability ? Attrition (high efficay
cyclone = high

centrifuge > milling
effect



Taille buse

Sacle-up practice
Cyclone issue

Deposit




Sacle-up practice
Cyclone issue

eng




Scale-up practice:
Alternative to cyclone : filter bag option

No hard build-up but :

Bags uneasy to
clean

Py, e e

Powder 1s

7
,f'_\\ K
| arching




Scale-up practice
Supplier proposal to ... solve the issue !
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A single 50 kg Tablet in a
o cyclone !!

lllll

Solids Outlet




Scale-up practice
Cyclone configuration

bS5
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Scale-up practice
Cyclone configuration

View of the chamber

« optimised»
cyclone

Bag filter with
N2 counterflow



Theory

Material stickiness issues



ot air

On-sticky
product




Theory
Sticking Mechanisms

Plasticized
material
T>>Tg

{ THE UNIVERSITY
¢ OF QUEENSLAND

Free-flowing Cohesive, sticky Caked, Sticky
particles particles particles

>
Thermal or water plasticization



Theory

Stickiness Factors:

Glass Transition (Tg)

!

RH

7 \

Temperature

{ THE UNIVERSITY
¢ OF QUEENSLAND

Operating

Parameters
\ /

Surface
VISCosity




7 7V wwy ,

Spray drying of honey

Stickiness curve

Tg curve after
maltodextrin addition

Stickiness curve

Tqg curve

Moisture



Theory
The formulation acts on the Tg and changes the
stickiness risk

Glass transition temperature for some

common glass forming agents

Excipient Dry Tg (°C
p ry Tg (°C) 1 W, W,
Glycerol -93 T — T e -
Sorbitol -3
g g(l) g(2)
Fructose 13
Glucose 38 1.0
Maltose 101 200
Sucrose 73 190
0.8 180
Trehalose 117 170
Raffinose 104 160
Lactose 112 06 123 %)
. W, i 450 s
Mannitol 1" -
i 0.4 120 =
Sodium 170 (pH > 7) 110 +
Citrate 100
Maltohexose 173 0.2 gg
Leucine 140
Trileucine 70-100 : : : ! : ' '
-10 0 10 20 30 40 50 60
(pH dependent)
T, of Active (°C)
Ficoll 110




