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How to make powders and
agglomerates

lilguiicl
Concentrating

Drying

2 POWCIEr

acglomerate

agglomeration

Liquid to Powder Liquid to Agglomerate  Powder to Agglomerate
(LP) (LA) (PA)

*Multi stage drying
+ Spray drying *Filtermat — Low shear granulation
Flash drying *Fluid bed ‘ ~ Pan and drum
agglomeration granulation
— Low-medium shear
"AGT granulation
*Procell — High Shear
«Cont. fluid bed aggl. granulation
*Fluid bed coating — Fluid bed granulation
P ti — Extrusion
an coating — Pelletising
*Drum coating — Briquetting
*(Prilling) — Tabletting
— (Sintering)
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Liquid to Powder

Liquid to Powder

= Spray drying

Liquid to Agglomerate

Powder to Agglomerate

(LP) (LA) (PA)
*Multi stage drying

Spray drying *Filtermat Low shear

Flash drying *Fluid bed granulation
agglomeration Pan and drum
AGT granulatlc?n
-Procell Low-mecﬁum shear

granulation

«Cont. fluid bed agg|.

*Fluid bed coating
*Pan coating
*Drum coating
*(Prilling)

Fluid bed granulation
Extrusion

Pelletising
Briquetting

Tabletting

(Sintering)

(LP)

Liquid to Agglomerate

(LA)

Powder to Agglomerate

(PA)

Flash drying

*Multi stage drying
*Filtermat

*Fluid bed
agglomeration

AGT
*Procell

*Cont. fluid bed aggl.

*Fluid bed coating
*Pan coating
*Drum coating
+(Prilling)

Low shear granulation

Pan and drum
granulation

Low-medium shear
granulation

High Shear
granulation

Fluid bed granulation
Extrusion

Pelletising
Briquetting

Tabletting

(Sintering)
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Grain Temperature
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Drying

* Drying is simple, isn’t it?
+ Just remove the liquid and what remains is the solid

material
* ....butis it that simple?
I. Preheating period (drying rate
™~ is almost 0)
A\ I £ |l. Constant-rate period (drying rate
§ is constant in time)
18% § lll. Falling-rate period (drying rate
= declines over time)
EMC
Drying Time

EMC=end (equil.) moisture content

WATER ACTIVITY - STABILITY DIAGRAM

Chemical/Biochemical Stability

Moisture Content /
Relative Reaction Rate

« Reaction Types:

(10 - Amine-Carbonyl
o (Maillard reactions)
1 F /4 e - Oxidation
. & s - Hydrolysis
R A - Re-arrangement
Su g et reactions
Sttt ronlsotherm \ o - E ti
7 \oisture SorPY P nzymatic
............... A
............................... Eﬂ.l..z.'.“..*?...és!.ix.i,'.x..............--"""(Iéf"““h o4 4

ons will occur based on the composition of the product.

02 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Water Activity

activity serves as a map to predict what types of
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TEMPERATURE

TEMFERATURE

Stickiness zone.

Thermal decomposition

COMNTIMULIM (liquid)
(non-sficky region)

Upper boundary

o ;
icky-point -

curve

DISCRETE (particulates)
{non-sticky regian) Lowar boundary

MOISTURE COMTENT

To outlet temperature
Tp powder temperature
Ts_sticking temperature

| normal air humidity
I increased air humidity
123 case1,2,3

Stickiness zone.

Thermal decomposition

COMNTIMULIM (liquid)
(non-sficky region)

St Upper boundary

‘ ragion I -
Lowwar m$

Sticky-point
Curve

DISCRETE (particulates)
(non-sticky regian}

MOISTURE CDNTEN[

To outlet temperature
Tp powder temperature
Ts_sticking temperature

I normal air humidity
I increased air humidity
123 case1,2,3
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MOITURE CONTENT

Temperature °C

Stickiness zone
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NON-STICKING ZONE

Wiy s o

0 20 30 40
Powder moisture %

(To outlet temperature

\_Ts sticking temperature

I normal air humidity )

Tp powder temperature Il increased air humidity

1,2,3 case1,2,3 J
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Crystalline and Glass—Rubber Transitions
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Stickiness

Stickiness (Ts) occurs at point were the structure of
the amorphous powder is changed (irreversible) and
depends amongst others on T & RH.

Composition

Operating

, parameters

Surface
viscosity

emperature

icing sugar Cotton candy

Caster sugar
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Sugar cubes
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Spray drying

Spray drying is a unit operation were a
fluid feed is transformed into a dry form
by spraying it into a gaseous medium.

Basically 4 phases

— Atomisation

— Contact between air and spray
— Drying the spray

— Separation of the dried product.
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Single Stage Spray Dryer

r_—VZ Powde Solver
N
=
\/Heam
F
— N,
L < <N i
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Spray drying: From liquid to powder

« Differentiation on basis of nozzles:

Pressure nozzle atomizer
assembly with fines return

Rotary atomizer
with direct drive
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Pressure nozzle

OUTLET ORIFICE
-
u SWIRL
~ i 4 CHAMBER

e Operating pressure 60-120 bar

* Needs constant liquid feed

* Limited size adjustment of droplets

* Relative large amounts of liquids sprayed
¢ Scale up by multiple nozzles

INLET

"~ BODY
SWIRL CORE

21

Twin fluid nozzles

AIR CAP

LIQUID CAP

*  Fluctuating liquid flow allowed
* Liquid break up by air stream

* Relative low flow rates

* Scale up by multiple nozzles

AIR INLET

A1 |
flil T

224~ 191 mm  32mm
§‘I=I 7|
|

LIQUID INLET

22

4/29/2019

11



Rotary atomisers

Very large flow rates possible

Dispersion of the liquid by centrifugal force and shear
Fluctuating liquid flows allowed

Scale up by higher rotational speed and larger wheel; no multiple
atomisers are used

x
TUDelft 23

Spray dying

+ Powder quality can be affected by varying drying
condition.
—Temperature feed.
—Inlet temperature
—Atomisation pressure
—Airflow
—Etc.

+ Examples:

—Higher (bulk) density => low inlet temperature and high
atomisation pressure.

—At a given inlet temperature a lower atomisation
pressure gives bigger but more fragile particles (dust
formation).

2
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Spray Drying
« Co-current vs Counter current drying

* \When to chose one or the other?

Air Liquid A Liquid

x
TUDelft 25
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Intergrated Spray Dryer (Gea-Niro)

Multi-stage dryer

A spray dryer with integrated fluid bed. The spray is
created by either a rotary atomizer or nozzles.
Operational flexibility enables a wide range of
physical properties to be met. Agglomerated powders
are produced and thermal efficiency is excellent. This
design concept is successful for drying hygroscopic
and sticky products which are difficult to handle in
more conventional designs. A vibrating fluid bed
installed under the drying chamber acts as an
after-dryer/cooler.

27
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— Concentrated milk

semeem  Powder

Cold air

Hot air
— Steam 28
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Locally wat particla surface aw"l

Liquid state

Stickyzone
{rubbery state) 2

v o o —— _d Gl
LI repetition l!
T gl = R R R RS T o’
aw 0,14 ;
0.10 0.20 0.30 0.40 0.50 0.60 0.70 080 0.90 1.00

T T T T T T T
53 6822 7.35 8.89 1117 1485 2248

29
Mechanism of Spray drying
and agglomeration
Spriithen Befeuchten Verfestigen fertiges Granulat
£ A
0,0 -
("2t A
\ 5 il j‘
,5’/ i 1 ] 1
> ~ < y 7 y
—» ‘ " —-
Bindertropfen Pl;lver Fliissigkeitsbriicke Feststoffbriicke +Brombeer“-Struktur
Droplet-solid interactions
Droplet droplet interaction
Solid- solid interactions
30
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Coffee creamer
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- Phase Transition Diagram

Adsorption/Desorption Isotherm
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at 25°C (left) shows phase change at about 62% RH
at 35°C (right) shows phase change at about 56% RH
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Stickiness relation between T, RH and product.
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at temperature do we have a powder.

170
160
150
140
130
120 Q
o 110 tICky
§
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Powder
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Result: watergehalte per kg droge lucht
Air conditions outside
the curve gives a polluted
De installation and therefore
product losses. 38
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Combining with drying conditions.

Stickiness (gr H:0 vs T)
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Definition dry ability.

Stickiness (gr H:0 vs T)
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pH before drying of the product

Dryability (gr/kg air)

pH before drying

Batch Description Drying Remark
characteristic
@ 70-80°C
powder @pH5,5 | 34 ]
powder @pH7,0 36
powder @ pH 8,0 40
Gistex LS
45
L
k] 40
g
S 35 e
g3
S 30
2 25
.g
20 T
4 5 6 7 8 9

39

Influence NaCl content on drying.

Influence NaCl on drying |:| products

i

i

i

i

R® =0,9968

y=-9E-05x *+0,0073x °-0,1581x * +0,4161x + 28,813

5 10 15 20 25 30

% NaCl

35

40 45

50

40
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NIZO Solution Phase 2:
Optimise air flow

NIZO track record: serious fouling solved |
by simulation of optimised configuration
of atomisation system

Modeling dryer with CFD
ES-SprayDry to calculate distribution H 1
inside the dryer

Detailed simulation of equipment

configuration

24 atomisation nozzles (8 lances)
air outlet in conical part

Configuration details applied to model

spray drying operation

Undesired short cut flow identified as

source of problem

CFD used to simulate optimisation of

equipment configuration

Air distribution optimised: problem

solved!

41

Furture reading

Food Chemistry 132 (2012) 1693-1698

=

Contents lists available at ScienceDirect

FOOD
Food Chemistry CHEMISTRY

journal homepage: www.elsevier.com/locate/foodchem

Developments in glass transition determination in foods using moisture
sorption isotherms
Brady P. Carter **, Shelly J. Schmidt >

TUDcIft [usiuslimmn -

-Department of Food Science and Human Nutrition, University of llinois at Urbana-Champaign, 367 Bevier Hall, 905 South Goodwin Ave, Urbana, IL 61820, United States

4/29/2019
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drying by desorption equipment

Sensor
RH (%) =T (°C)

b b b b s b oA b

R SR

TN, TeW] Pochucket ol

44
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by desorption comparison with water

AE -— Pure water
«> —— Enzyme
T =45°C
—_————
50 100 150 200 250 300

Time (minutes)

45

software
Quantity of water cumulated in time
a”’
T
0 50 100 150 200 250 300
Time (minute)

5
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software
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5
2
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1
@
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S

0.010 0.020

absolute humidity (kg water/kg dry air)

0.030 0.040

47

Normal
product

Deviating
product

SBP (%) 95 85
AH,iniet (8/k8) 7 7
AH,iroutiet (8/KE) 30 27
Tairintet (°C) 150 135
Tairoutiet (*C) 60 57
Concerz;c/r;;e flow 380 342

x5
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Air temperature (°C)

150

135

47

50 !

RH= 10%

7 27 30

Absolute air humidity (gram water/kg air)

48
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160

temperature {°C)
o
o

0.000 0.010 0.020 0.030 0.040
absolute humidity (kg water/kg dry air)
%

Lower outlet air AH =lower capacity

<
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Drying and agglomeration often go
hand in hand

i.ngdaggIomerates/granulates is most of the time
ire

e, Cobalt Oxide Agglomerates

51

Aim of making agglomerates

+ Changing particle size distribution

+ Changing flow behaviour

* Instant products

* reducing lumping

* de-dusting

* decrease segregation

* changing porosity and density

* Increase wettability and disperability

> etc

1(!UDeIft s
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POWEEr

ag)glomeraie

How to make powders and
agglomerates

Concentrating

Drying

agglomeration

53

der

drying
y drying

x5
TUDelft

Liquid to Agglomerate

(LA)

*Multi stage drying
*Filtermat

*Fluid bed
agglomeration

*AGT
*Procell

*Cont. fluid bed aggl.

*Fluid bed coating
*Pan coating
*Drum coating
+(Prilling)

Powder to Agglomerate
(PA)

Low shear granulation

Pan and drum
granulation

Low-medium shear
granulation

High Shear granulation
Fluid bed granulation
Extrusion

Pelletising

Briquetting

Tabletting

(Sintering)

54

4/29/2019

27



<
TUDelft

x5
TUDelft

der

drying
y drying

Liquid to Agglomerate
(LA)

*Multi stage drying
*Filtermat

*Fluid bed
agglomeration

AGT
*Procell

«Cont. fluid bed aggl.

*Fluid bed coating
*Pan coating
*Drum coating
*(Prilling)

Powder to Agglomerate
(PA)

— Low shear granulation

— Pan and drum
granulation

— Low-medium shear
granulation

— High Shear granulation
— Fluid bed granulation
— Extrusion

— Pelletising

— Briquetting

— Tabletting

— (Sintering)

55

Granulated pharmaceutical

Top Spray Fluidised bed granulation

Spray nozzle

Product
container

Air distribution
plate

Top Spray

56
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Mechanism top spray fluid bed
agglomeration

Spriihen Befeuchten Verfestigen fertiges Granulat

A

[ }U A AN

J ]

F 7 L 4

1 .

D 1

7 |7 A
- - —> 1 &

/;1 b
Bindertropfen = Pulver Fliissigkeitsbriicke Feststoffbriicke ,Brombeer"-Struktur

<
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Fluid bed agglomerates examples

} - ,ﬁ‘_-

58
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Side Spray Fluidised bed granulation (LA)

Granulation

* enhance disintegration
« improve compressibility
« increase density

+ spherical morphology

Spheronization

* increase density

« produce spherical parficles
« high potency spheres

« smooth surface properties

Rotor insert Variable
Easy handling with swivel device (option) speed disk

Product container
Spray nozzle

Adjustable
disc height

Rotor

<
TUDelft
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Mechanism Side spray fluid bed

Sprithen Befeuchten Verfestigen fertiges Granulat

J G
g y A
. 7 % A
7 — y — —
y
Bindertropfen = Pulver Fliissigkeitsbriicke Feststoffbriicke ,Brombeer"-Struktur
Granulat Verrunden Pellet

(; Schneeball"-Struktur
TUDelft '
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AGT-process; Continuous
Granulation

(LA)

Conimuous FIU|c| Bed

Granuluflng/Agglomeruflng

@ Layering Granulation

e Agglomeration

® Energy Efficient
Continuous Process

e Dustfree Product

& Uniform Particle Size

@ Consistent Product Quality

61
]‘ Abluft
6 Staubfilter
Wirbelschicht
1 Aroma/Wirkstoff, @
Tragermaterial, 3 Luft
Wasser
Sichtluft | o
62
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AGT (GFG)

63

Continuous Fluidised Bed granulator

Granulations-Prozesses

Glatt Fliefibett-Granulator GFG 500

5
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Fluid bed agglomerated product

| formulation

ter 50%
todextrine 35%

x
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Multi compartment continuous Fluidised
Bed granulator

Paowder L 'QU Id

+

Fluidized bed
granulofor

Abr inlet

B Granular
product

2
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Fluid bed agglomerate

What if things go wrong....

68
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Flexomix
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Low / medium shear granulation
Flexomix (Hosokawa) (PA)

Instant mixing “The Schugi Principle”
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70
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Flexomix (Hosokawa)

73

Flexomix mixing/granulation unit
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Instant cocoa made with Flexomix
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Concluding

* Drying is not simple, esp not for food products

* Drying characteristics measurements are a good
tool to help understanding what phases the powder
goes through

* There is more knowledge developed on predicting
drying, but still we are not at that point that we stick
a probe in a liquid and read the settings for the
dryer

*  New technologies are developed but the drying
problem remains also with the new technologies

* We should continue to work on understanding
drying better and develop tools to predict drying
behaviour from liquid to granule

* Product performance is leading in choosing the
right technology

Webinar agglomeration: https://www.youtube.com/watch?v=ys7JaNvivLM
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Positive proof of global warming.

(]

18th ' | I/
Century 1900~ 1950 1970, 1980 1990 2006
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Thank you
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