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* Introduction
e Challenges in food dehydration; Need for Innovation

e Selected recent developments for drying
e Particulates
e Liquids
e others
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e R&D needs L - 1
e Closure
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Conferences on Drying Technology ummm.ad
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Risk-free research is safe but that is not the purpose of research ...
... Arun Mujumdar
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Drying a complex | niversida
Multicomponent Change of physical
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Change in
. ualit
Coupled with d L)
mass COA Y

transfer g

&7 S TN .

“j Transient

Input
Continuous/ Shrinkage
intermittent
Chemical/ biochemical
. Phase change
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e Introduction - What is innovation? Novelty, Renovation > D

versus Innovation {"é ; |

e Why Innovation? Incremental vs Radical clgdum
 Technology Development via Industry-University Collaboration 3 \.. -
: -.1

e o ':,- o, LT
: : : : : P §

e Time scales of Innovation in Drying-Academia-Industry appear oaeTS 507

to be a mismatch |

-*.-'

* Innovative dryers-most are at lab and pilot scales s
RIIVI net
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Thinking out of the box

| Innovation
Department

.. maybe we should
try to think
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Drying and Quality Interaction (1)

* Food e.g. vegetables, fruits, seeds, grains, marine
products, meat etc. are all heat-sensitive products

e Thermal drying causes potential chemical/biochemical
reactions as well as physical effects such as
cracking, crystallization, precipitation of
solutes, migration of solute components etc.

e Some effects are desired; some are undesired.

e Higher temperature and presence of oxygen are
undesirable; lower temperature & lower
oxygen/vacuum drying yield better products at higher
cost.
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Drying and Quality Interaction (2) F#“Z}S”mrfff‘
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 Physical structure of dried product e.g. porosity also SIIDI 2017

affects quality. :
| q y J \
e Typically
nutrition, color, textile, strength, aroma, appearance CIIMC,
(cracks etc.) are quality parameters of intent. £y
ol
. . . 5 pali=
* Presence of Aflatoxins in foods and how can it be € "}a
controlled in dried products? lf‘:lfk,‘,.
e Quality requirements differ with products; higher value !
products merit more expensive drying techniques -.;:.‘i‘:_‘
L i as
S
RIIVI net
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* Dryer type e.g. rotary, fluid bed, packed TS
bed, vibrated bed, etc. If particles are &
agitated/impacted in dryer, The products will c1IMC4
generate dust or break crystals.
e Drying often degrades quality; exceptions are few. hx‘“fi
e Drying conditions e.g. cieTs 20
temperature, pressure, humidity, air velocity etc. .-;_; i

g%
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* No unique dryer/drying conditions for all and

products. @

* Quality parameters can be numerous — may be CciIMC4
unrealistic to maximize all quality products.

* Prioritize quality specs; try to attain maximal values {.,--\::'Jin

. . . ! G 2

for most important property. Optimization may not ceTS 2017
be best policy. r_.t}
-',:' ..‘.r' -
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e Select dryer carefully; multiple choices may be
available.

e Select operating conditions such that the most
important quality parameters are maximized and
the rest are met at least satisfactory level.

* When multiple dryer options are available, carry
out LCA to choose the most sustainable design. o2
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e Complex dryers, multi-stage dryers, hybrid dryers :
provide more opportunities to provide better @
qguality but they may not be cost-effective. ciMCA

* Pilot testing is essential as scale-up for quality is x\;fi‘
very difficult and nonlinear. Often experience
with same dryer/product is needed for best lf[l}l.'.,
results. |

Ut e 4
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Common conventional dryers niversida
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b
* Spray * Rotary l

* Flash/ * Fluid beds

ﬂ_uid bed/ * Spouted beds : }gpingement * Blanching
vibrated * Conveyor * Freezing
bed/ * Moving bed * RF

spouted bed e Column
of inert * Vibrated bed
particles e Column
 Vibrated beds
* Jet-zone
* Screw conveyor
* Tray

All of the above have number of variants each -resulting from differences in
ﬂow geometric or drying media. Hybrid, multi- stage dryers often offer some advantages
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e Higher capacities than current technology permits ‘L

e New product or process

e Better quality than currently feasible

e Reduced overall cost

e Reduced environmental impact, sustainable
o Safer operation; more flexibility

e Better efficiency
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pryr——— ST SIS,

Modified Fluid Modified Impinging
Beds spouted beds Streams
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Classification of Innovations
featonetimovaters SIIDI 2017

| | ’ A, pfens
A et =

e Steady *Pulsed fluidization oConven;;nal . "1:‘ ...,1“
or spouting . . . P, B
e Periodic innovative dryers in e 'L .
multi-stage Gevs 20
* on/off arrangement
e Combination of
different modes -
concurrent or
sequential
Bk Bt s e D B G S Bt R SR R s i B sl i i i
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e Rotary, fluidized beds, conveyor, flash, Vibrated bed

dryers, Column dryer, Through circulation with hot air as drying J PW
medium with/without internal heaters (indirect). &
 Modified fluid beds; modified spouted beds, Impinging CIIMC4
streams, Cyclonic dryer, etc. Convective or hybrid. e
e Multi-stage drying (surface and internal moisture removed s {‘}i
separately) e.g. flash + flash bed; fluid bed + column dryer etc. “*{-:‘ ‘*{j“

e Combined convection, conduction, radiation + volumetric
(MW/RF). r’ﬁ}

AL
e Batch dryers — multi-mode heat input with intermittent heat e 2
inpUt' Ftll'd';_ne:
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Drying of suspensions/solutions "E“ b

Conventional: SIIDI 2017
e Spray Dryers — Numerous Variants.

* Drum Dryers.

 Fluidized/Spouted Beds of Inert Particles.

Non-Conventional:
e Horizontal Spray Dryer.
e New Atomizers.

e Pulse Combustion.
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Conventional Innovative
e Steady thermal energy e [ntermittent energy input
Impact

e Variable gas flow

e Constant gas flow :
5 e Combines modes of heat

e Single mode of heat input
input :
P e Multi-stage; each stage
e Single dryer type — maybe different dryer type |
single stage : =
& 8 e Superheated steam drying -‘T:-;'..;.
e Air/combustion gas as medium ‘.:;,-f
convective medium RIIVI net
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Some Selected Variants of
Conventional Dryers

Rotary

Nauta Dryers

Impinging
Streams

Spray Dryer

Fluid
Bed/Spouted
Bed Dryers

sl B " Pak i i) ,:u'-'

'-' !
- e =1 “_.-H' b

-
=

l
"

.'_‘

Internal heat exchanger coils
Axial flow replaced by jets of hot air injection into rolling bed

Planetary mixer; vacuum; heated jacket + microwave heating

Two dimensional; multi-stage; superheated steam
Minimize scale-up issue

Horizontal spray dryer

Various spray chambers/atomizer
Cylinder-on-parabolic cone chamber to minimize wall
deposits

Nano-spray dryer; ink-jet technology to gentle spray

Pulsed flows
Intermittent, local fluidization/spouting
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CICTS 2017
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Enhancement of Drying Rates SI1IDI 2017
1"@ %
 VVibration (e.g. Vibrated bed dryers)
. il cliMC4
e Pulsations (e.g. Impinging jets) i
e Sonic or ultrasonic fields (e.g. pulse combustion dryers) 1‘\?{
e Dielectric fields {MW, RF} (e.g. MW-assisted steam ‘;;;_%,I
drylng) CICTS 2017
e Superheated steam drying i,f":"r}
L S o
[ i as |
S22,
RIIVI net
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Superheated steam drying hi”“““ﬁﬂ%ﬁ%‘j
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Superheated Steam Dryers SI I D l 2 0 17
Low Pressure Nearl;A tmospheric High Pressure
{—I ‘ ressure | {—I

Vacuum steam Fluidized bed dryers Flash dryers for
dryers for wood*™ for coal* peat (25 bar)**** .
Y
Vacuum steam Impingement and/or Conveyor dryers for p! \'_ j
dryers for silk through dryer for beet pulp (5 bar)**** b S 2
cocoons** textiles, paper*** "_'rj ool
Fluidized bed dryers S
for pulps, sludges* :
e
* Extensive commercial applications 'T:-': ‘.r...
** Laboratory scale testing 0. .9 - 4
*+* Pilot scale testing .-.:ﬂi
****At least one major installation RIIVI net
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Superheated steam drying

Possible Types of SSD

Fluid bed

Formacidn integral para la transformacion social y humana

Flash dryers with or without indirect
heating of walls

FBDs with or without immersed heat
exchangers

Impinging jet dryers
Conveyor dryers
Rotary dryers
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Superheated steam drying R Uperidac

Photographs of carrot cubes underwent LPSSD
and vacuum drying

Devahastin et al., Drying Technol., 22, 1845-1867 (2004)
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uperheated steam drying
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(b) Devahastin et al., Drying Technol., 22, 1845-1867 (2004) ‘"

SEM photographs of carrot undergoing SEM photographs showing pore distribution of
(a)LPSSD, (b) vacuum drying carrot undergoing (a)LPSSD, (b) vacuum drying
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Heat pump drying

Typical heat pump dryer

Wet solids

External
condenser N I

_ Receiver
%

Dry solids

Compressor

DR

Expnsion valve

Y
A T LT L) R Y LW .Y -'
Condenser ¢ ¢ 4—— Condensation

3 way vlave

I‘H“-\. ... g

kb 4 s N L
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Variants of heat pump drying Fi“““*ﬁﬁ%ﬁ%“

Ghvanana
* Based on heat pump system S"Dl 2017
e Mechanical compression heat pump drying e
e Chemical heat pump drying @
e Absorption heat pump drying ¢‘E‘L°4
e Solar-assisted heat pump drying .
e Atmospheric freeze drying using HPD % K&
b
 |R-assisted heat pump drying Lf[.li:?"a.‘. |
e MW- and RF-assisted heat pump drying 2
 Modified atmosphere heat pump drying for enhanced ;. ;,
quality =0, 2%
RIIVI net
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HPD - Applications in Food Drying BHA YBontiticia
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Researchers Application(s) Conclusions SI I D I 2 0 17
Nathakaranakule et | Longan fruit by FIR assisted HPD | overall energy used for FIR-assisted
al., 2010 drying processes
Karabacak and Atalay, | Tomatoes faster drying speed, less influence by
2010 environmental factors
Chou et al.(1998), | Mushrooms, fruits, sea- Product quality can be improved with
Chua et al (2000) cucumber and oysters scheduled drying conditions
Odilio, A.F. (2002) Ready to eat foods (Cranberry, The dried granulate or powder is porous,
potato and turnip mixture) free flowing and attractive natural color

Prasertsan et al [1997,| Agricultural food (Bananas) The running cost of HPD is cheep
1998] making them economically feasible
Rossi et al [1992] Vegetable (Onion) Energy saving of the order of 30% and

better product quality
Strommen and | Marine products (Fish) High product quality, can regulate
Krammer [1994] product properties such as porosity,

rehydration rates, texture and color
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Intermittent drying Fi““ﬁﬁ?ﬁé‘%“

Ghvananﬂ
e Various combinations possible SIIDI 2017
e Objectives: to enhance the energy efficiency -ultimately i3
. . Je
reducing the drying cost- and to enhance the product &
quality by achieving uniform drying cliMC4
5 5 . 5 . - m?
* Drying air flow, temperature, humidity is varied ~
e Or parameters such as system pressure, external f*j‘i
parameters (microwave, infrared, RF) are varied with ko
time e
* Allow internal moisture to migrate to the surface of the Yo
material during non-active zone — known as tempering Ui
od o ¥
pPerio RIIVI net
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Intermittent drying F*“Zﬁ?mr?df

SAL BUCARAMANGA

e Another way - applying step-wise change in operating SIHIDI 2017

conditions
5t
e Especially final stage of drying — drying rates are sluggish @
(diffusion controlled) hence effect of external conditions is
N ClIMC4
negligible
* Use — stepwise change in operating conditions to save X {\}
energy AP AS
(e &
e Use — Combinations of modes of heat input PRSI
* Concept can be applied for different drying methods — tray -_"":i‘}
dryer, FBD, conveyor dryer etc. e 2
- e
* Flipping of product? RIVI net
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Intermittent drying

Classification of Intermittent
Dryers

ON/OFF
Type

Examples:

Pulsed
fluidized
beds

Pulsed heat
pump drying

= '. 1 g
) g

aniacijn integral para la n'ansfunnat:ijn sumal]r humann

"- "

Examples:

Fixed/variable
frequency

Multi-flash
drying

Heat pump
drying

Examples:

Convective
drying of foods
with step-wise
change in
operating
conditions

Random
Variations

Examples:

Use of
hybrid heat
inputs at
random time
as required
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ldea of “flipping”

Moisture Profiles (in the potato slice, 6 mm thick)

Without Flipping

With Flipping

Time = 600s

Time = 600s

0.8

Time = 1000s

Time = 1000s

1 0.4

1 0.3

Time = 1500s

Time = 1500s
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Drying in Inert Media

— Dry product

Hot Air Inert media
l l Return
e Agitated
e N C Dried feed _ .
Particles > Bed of Inert — e De-Mixer
particles K
l I
Exhaust

[ - Rotary; vibrated bed; fluidized bed; screw conveyor dryer

IT - Vibrated bed separator

 Numerous variants possible

e Heat transfer by “conduction” or “Conduction + Convection”

 Immersed surface heat exchanger can reduce size of dryer and
also increase efficiency
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Microwave Dryer R Upseridad
2k Bolivariana

SECCIONAL BUCARAMANGA

e Microwave dryers are expensive both in S"Dl 2017

terms of the capital and operating

(energy) costs. 77
e They have found limited applications to
date. cl[mlﬂ?cq

e seem to have special advantages in

terms of product quality when handling o : o
“‘-._. b
heat-sensitive materials. L“%L:,

GICTS 2017

e They are worth considering as devices

to speed up drying in the tail end of the L

falling rate period. Similarly, RF dryers :‘?:f‘

have limited industrial applicability. —ad
RIIVI net

Furmac:idn integral paralan'ansfunnacijn sumal]r humann .upb.edu.co




Hybrid dryers

MW Freeze drying

e microwave can heat the material volumetrically; thus, greatly improving freeze

drying rate is possible

e most promising techniques to accelerate drying and to enhance overall quality

e Examples - Cabbage, marine products, banana chips, potato, skim milk

T 1 “ i )j\ "ﬁ' MW source
L]

freeze drying Chamber

> Cold trap
—

Vacuum
Pump
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LIniversidad
Pontificia

Hybrid dryers Pontiicia

MWFD Of banana Chips SECCIONAL BUCARAMANGA

SIID1 2017

Images of 400 field of view of samples at different drying stage (1) fresh samples, (2) pre-
freezing stage samples, (3) primary drying stage samples of MFD, (4)
secondary drying stage samples of MFD, (5) primary drying stage samples of FD and (6)
secondary drying stage samples of FD.
Ref: Jiang, Zhang and Mujumdar. Physico-chemical changes during different stages of MFD/FD banana chips. Journal of Food
Engmeermg, 101 (2010) 140-145 RIIVI net
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Hybrid dryers HHH“"E?EE

SECCIONAL BUCARAMANGA

| Some Hybrid Dryers | SIIDI 2017

:; N
v @
Particulate, Granular Liquid/ Paste Sheets (e.g.
products 1 fruit leather)
. TS
* Flash + Fluid bed e Spray + Fluid bed « Impingement + IR N :J‘“'
« Fluid bed + Packed bed B outed bed or Radiation {,f;_;_;_;__ v
e Vacuum + MW fluid bed of inert * Fluid bed of inert
» Well-mixed fluid bed + pagiicics RGeS
plug flow fluid bed dryer
e Convectiondryer +
Vacuum frying
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Pulse Combustion Drying

e Uses intense velocity, pressure and temperature wave created by intermittent

combustion of fuel

Chamber
Resonant

T.u]plpe

Combustion

Chamber :
Resonant

Tailpipe

http://blastwavejet.com/pulsejet.htm
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Combustion intensity
(kW/m?)

Efficiency of burning (%)

Temperature level ( K)

CO concentration in exhaust
(%)

NOx concentration in exhaust
(mg/m?)

Convective heat transfer
coefficient (W/m?k)

Time of reaction (s)

Excess air ratio

s =

100-1000

80-96
2000-2500

0-2
100-7000

50-100

1-10
1.01-1.2

TERAL AL LT T G Jee

10000-
50000
M

90-99 tﬂ@mdp4
1500-2000 Ny
0-1 Ph U

(o

S 2017

20-70 SREr
100-500
0.01-0.5

1.00-1.01

Lo
¥ .'-‘.,:";..'."_ i

www.upb.edu.co



Fl 4 LIniversidad
H )\ _Pontificia
4 Bolivariana

SECCIONAL BUCARAMANGA

e High drying rates SI I D I 2 0 17

Pulse Combustion Drying

— Increased turbulence and flow reversal in the drying zone promote

gas/materials mixing
—  Decreased boundary layer thickness of materials
—  Increased heat and mass transfer rates
- High driving force because of high gas temperature
e short contact time
—  Suitable for some heat sensitive materials
e High energy efficiency and economic use of fuels

e Environmentally friendly operation

e Noise and scale-up issues
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Pulse Combustion Spray Drying Pontiicia
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of egg white

PC Spray dryer
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Product quality-pysical properties S"Dl 2017

Product color §

PC spray drying Tradiational spray drying
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Pulse Combustion Spray Drying FH#“’;‘&T

SECCIONAL BUCARAMANGA

Product quality-pysical properties SIIDI 2017

Product morphology

PC spray drylng Tradiational spray drying
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100um

1. Hallow 1.Solid
2.Single 2. Aggrigated
3. Soomth surface 3. Coase surface
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Drying Technology: An International Journal uﬂi‘FEfSldﬂd

. Publication details, including instructions for authors and subscription information:
http: / /www. tandfonline.com/loi/ldrt20 B pﬁgat:'?;:lﬂﬂ
Volatile Compounds in Tomato-Based Dried Products S RN S aCAD A AT

e Marendra Marain * , Mércia de Sousa Galvao * , Karen Leticia de Santana * & Jane de Jesus

da Silveira Moreira * D
* Laboratory of Flavor Analysis/NUCTA, Federal University of Sergipe , Sao Cristovao, Brazil

Published online: 08 Mar 2010.

CASE STUDY: VOLATILE COMPOUNDS
IN TOMATO-BASED DRIED PRODUCTS
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Concentration in tomato (ug/g)

14,000 Tomato Powder universldad
Pontificia
Volatlled Fresh tomato Tui Juice Juice B{)llvanﬂna
12,000 B juice wee maltodextrin tapioca flour SECCIONAL BUCARAMANGA
7 Hexanal 6,120 4,120 8,650 7,430
~
D] 10,000 é-ButarlLol 8,320 5,320 4,740 8,790
— erany.
2 S 12,460 7,860 10,530 8,480
3
o 8,000
Q.
©
9
S
st 6,000
c
©
(=]
)
©
£ 4,000
(=]
-
£
S
= 2,000
o
d
c
w L
(%)
5 0
c 3 > 5
: - -
] Ethyl |Dimethy 2-Ethyl o Methyl 1- Methyl- Hexanol (2)-3- Linalool | Hydroxy a-‘ Gerany| Eugenol
S A Ethanol Pentano . | Hexanal 2- Hexenal Terpine butanoa
acetate | | sulfide furan butyric Butanol a a methyl a
ne . hexanon a ola tea
acid furfurala
ea
B Fresh tomato juice | 5,660 0 1,330 0 6,860 | 2,150 | 6,120 | 8,320 | 4,790 | 5,230 | 6,050 | 4,230 | 2,160 | 2,520 | 12,460 | 5,550
i Juice 0 2,580 0 5,230 5,120 4,860 4,120 5,320 0 3,420 3,410 3,100 7,850 5,890 7,860 2,820
Juice p maltodextrin| 2,450 5,740 0 4,710 2,890 4,120 8,650 4,740 4,060 5,930 5,250 4,540 4,320 7,270 | 10,530 | 5,430
Juicebtapiocaﬂour 1,680 | 7,370 0 7,170 | 4,760 | 4,280 | 7,430 | 6,790 0 4,180 | 3,120 | 2,120 | 9,120 | 6,530 | 8,480 | 5,830
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Volatile compounds of tomato-based dried

products

o Volatiles retentions in dried products:

v tomato powder without any addition: 78;34%
v tomato powder with 5% maltodextrin: 97;53%

v tomato powder with 5% tapioca flour: 93;36%

o Best volatile retention in both products, using maltodextrin and tapioca flour;

o Main volatile compounds identified:

~ 3-hexanol, ethanol;

v butanol;

v 2-pentanone;

v geranyl butanoate;

v 5-methyl 2 hexanone;
v heptanal;

v hexanol;

v eugenol;
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Graphics of concentrations of water, methanol

LIniversidad
and ethanol during drying process

Pontificia
Bolivariana

SECCIONAL BUCARAMANGA

100
o e SIIDI 2017
g 80 - —&— Methanol < 80 —e— Water
c 60 —— Ethanol = 50 —&— Methanol
2 = —a— Ethanol
g 40 8 40
) Q
20 - = 20
0 - : 0
0 50 100 150 0 50 100 150
Drying Time (min) Drying Time (min)
FIG; 1; Volatiles retention in tomato juice during drying. FIG; 2; Volatiles retention in tomato juice p 5% maltodextrin during
drying.
100
= 80
c —e— Water
o
£ 60 —&— Methanol
..g —a— Ethanol
& 40
>
20
0 .
0 50 100 150
Drying Time (min)
FIG; 3;Volatiles retention in tomato juice p5% tapioca flour during drying. RIIVI net
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Graphics of Changes in volatile concentration

using markers

—&— Ethanol

—&— Geranyl butanoate

T

0 50 100 150
Drying Time (min)

FIG; 4; Changes in volatile concentration of ethanol
and geranyl butanoate during drying of tomato

powder.
2 20
g 15
= —&— 5-HMF
S 10 —=— Linalool
[1+]
£ 5
Q
e
€ 0
o 0 50 100 150

Drying Time (min)

FIG; 6; Changes in volatile concentration of 5-
HMF and linalool during drying of tomato
powder.

Formacidn Integral para la h“ansfunnamﬁn social y humana

—&— g-Terpineol
15 —&— Acetaldehyde

Concentration (mg.Kg-')
3]

0 50 100 150
Drying Time (min)

FIG; 5; Changes in volatile concentration of a-terpineol and
acetalde-hyde during drying of tomato powder.

12.00
10.00

8.00 —&— Dimethyl sulfide
—&— 2- Ethyl Furan
6.00 —&— 1- Hexanol

4.00
2.00

0.00

0 50 100 150
Drying Time (min)

g-Kg-)

Concentration (m

FIG; 7; Changes in volatile concentration of dimethyl
sulfide, 2-ethyl furan, and 1-hexanol during drying of
tomato powder
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Smart Dryers FBABoniicia

_ olivariana
SECCTONAL BUCARAMANGA
* Drying is highly energy intensive hence it adversely effects S"Dl 2017
environment, plus good quality is needs to be maintained for
foods — need for smart/intelligent dryers J —\
e Use mathematical models, advanced sensors and automatic &
control strategies to design smart dryer cliMC4
2017
e A smart dryer:
* Provides actionable information regarding the performance of the drying {\J(_
system Sl
$ 3
e Proactively monitors and detects errors or deficiencies in dryer operation ol s
GICTS 201/
* |ncorporates the tools, technologies, resources and practices to contribute
to energy conservation and environmental sustainability. e
e Designed to sense local drying conditions/product properties and :—.: o
adjust them in order to get specified quality at optimized energy ".‘,:1731
consumption. RUVI net
Formacidn integral para la transformacidn social y humana www.upb.edu.co




Closing Remarks Fi““ﬁﬁ?ﬁ?&“

Ghvanana
e Drying R&D continues to see renaissance in global SIIDI 2017
interest
: e SN
e Quality enhancement and sustainability will demand &
novel drying technology in most industrial sectors cliMC4
2017
* Food preservation and security are critical issues 2
everywhere; hence new drying techniques are important 5 {,.}i
o o '-;"”" Ve
 Smaller and intelligent dryers that maximise quality are et L
needed .
» Better control, design, scale-up and optimal operation ,."'._‘
are important current problems Ui
e..®
RIIVI net
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Closing Remarks Fi““ﬁﬁ?ﬁé‘%“

Ghvananﬂ
 Hybrid drying utilizing difficult heat transfer modes S||D| 2017
(convection, conduction, radiation, microwave etc.) _
sequentially or intermittently or in combination yield {@}
new opportunities to enhance performance e
. ¢
 Model-based control, ANN models, fuzzy logic control i
etc. can improve energy and quality performance of { f~
dryers. PN
Ged' ¢ A
* Incremental innovation preferred to radical innovation cicTs 2017
due to lower risk; low R&D cost .
* In future, dryer selection will involve carbon P e
footprint, LCA analysis. .l
RIIVI net
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Handbook of Industrial Drying (CRC Press) rn*nnwersndad

Pontificia
& DBolivariana
Handbook of HANDBOOK SECCIONAL BUCARAMANGA
Industrial Drying OF ]

B HANDBOOK OF MogRTois
Fourth Edition [NDUSTRIAL i - ' : /N ‘M“ .
DRYING DRYING

e Principles, Classification, and * Physicochemical aspects of Sludge

Selection of Dryers drying
 Basic Process Calculations and * Drying of Proteins Fa?) §

Simulations in Drying * Product functionality oriented drying s ‘L
e Indirect Dryers process related to pharmaceutical
«  Fluidized Bed Dryers particle engineering
 Industrial Spray Drying Systems *  Drying of Coal
. Impingement Drying * Use of Simprosys in Drying Flowsheet

: : Calculations
e Pulse Combustion Drying _ _
. Drving in Mineral Processin » Life Cycle Assessment of drying
ying g systems
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@ CRC Press Announcement

Taylor & Francis Group

n Liniversidad
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SIIDI 2017

CRC Press has initiated a new book series entitled
Advances In Drying Science and Technology

With Professor Arun S Mujumdar of McGill University
and Western University, Canada.

I N US

‘\k g(kf’i of Scaore
Contact Prof. Mujumdar for details
Oh < e
THEMSITY \:“ KM #Jemcl\lﬁgslgyg; Western
OF QUEENSLAND KNOWLEDGE + INNOVATION » OUTREACH U-rr Thonbu
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