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Problems in Bio-product Drying

e Heat sensitivity implies low temperature drying which 1s
necessarily slow

e Some bio-products are dried on very large scale and others
on very small

e Some are very high value (e.g. medicinal chemicals,
enzymes, vaccines, microbes, etc.) while others are
relatively low value (e.g. coal, wood, peat, biomass, etc.)

e Over 100 dryer types are needed to cover the broad range
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Colour change

» Pigments

1. chlorophylls (green)

2. carotenoids (yellow)

3. enthocynas (pink, red,
mauve, violet and blue)

4. betalaines (purple, red)

« Maillard reaction

* Blanching

« Enzymatic browning

« Non-enzymatic browning

« Sulfitation

« High temperature

Drying Technology
 Vacuum drying

« Freeze drying
« Heat pump drying
« Intermittent drying

Drying Effect on Quality

Texture and Reconstitution Behaviour
 Porosity
 Cell structure
 Shrinkage

1. Hardness
2. Chewiness

Loss of flavors

« Volatile flavors

« Slow drying

« Oxidative damage

Quality

Loss of bio-active ingredients
* Vitamins

1. A

2. C (ascornic acid)

3. Pro-vitamin A (beta carotene)
* Slow drying

» Blanching

» Oxidative damage




Some Conventional Dryers

e Diverse physical, chemical and bio-chemical
properties of wet feed material and quality
requirements of dry products imply large assortment
of dryers

e Same dryer may be operated under milder
conditions to process heat-sensitive bio-products

 If susceptible to oxidative damage drying may be
accomplished 1in vacuum, at sub-zero temperatures
or in inert atmosphere, e.g. nitrogen, CO, or
superheated steam



Limitations of Conventional Dryers

e non-uniform product quality due to over-
drying/under-drying caused by long or inadequate or
non-uniform exposure to the drying medium

* long drying times due to low contacting efficiency
between the drying medium and solids being dried

e harder texture owing to case hardening of the
product surface caused by over-drying etc.

e This gives rise to low drying performance and high
operating costs

Overcoming some the limitations of conventional dryers gives rise to some
emerging drying technologies or new advancement in drying technology



Areas required further R&D for Some
Conventional Dryers

Dryer type Areas requiring further R&D
Tray / . Uniformity of air flow distribution
. Uniformity of final product quality and moisture content
. Hybrid mode by combining with MW drying
Rotary . Precise prediction of particle motion, particle residence time distribution and unifomity of
final moisture content
. Effect of poly-dispersity and cohesiveness of solids on drying kinetics and characteristics
. Design of flights, internal heat exchanger
. Effect of solids hold-up and hot air injection on drying kinetics / characteristics
e Non-circular shape of drying chamber?
e Model-based control for better quality
Drum . Heat transfer to thin film of suspensions including effects of crystallization
. Enhancement of drying rate by radiant heat or jet imping ement
. Modeling of particle motion including e ffects of agglomeration, attrition and geometry of dryer
Flash . Use of pulse combustion exhaust, superheated steam, internal heat exchangers, variable

cross section ducts, hot air injection
Computational fluid dynamic simulation




Areas required further R&D for Some
Conventional Dryers

Dryer type

Areas requiring further R&D

Spray

Fixed bed

Fluidized bed

Effects of types of atomizer on droplet flow pattern, product properties, agglomeration, size
reduction

Effect of chamber geometry

Injection of supplementary air

Use of superheated steam

Computational fluid dynamic simulation on various dryer design and type

Uniformity of air flow across the bed of particles
Uniformity of product quality and final moisture content
Design of internal heat exchanger, agitator etc.

Effect of particle moisture content / poly-dispe rsity on fluidization hydrodynamics,
agglomeration, heat and mass transfer

Effect of agitation, vibration, pulsation, acoustic, radiation on drying kinetics and
characteristics

Design of internal heat exchangers

Classification of particle type based on fluidization quality at varying particle moisture content
and stickiness

Mathematical modeling of fluidization hydrodynamics, heat and mass transfer by taking into
account agitation, vibration, pulsation, internal heat exchanger, varying particle moisture
content etc.

Over 30 variants possible




Areas required further R&D for Some
Conventional Dryers

Dryer type Areas requiring further R&D

Vacuum Combined mode of heat transfer, e.g. MW vacuum drying,

Hybrid drying, e.g. vacuum superheated steam drying, efc.

Use of internal heating media

Enhancement in drying kinetics by incorporating radiant heat input, internal heating media
etc.

Freeze . Use of magnetic/electric/acoustic fields to control nucleation and crystal size of ice during
freezing; permits better quality product

Batch dryer . Effects of intermittent / cyclic / variable heat inputs and variable operating profiles on drying
kinetics and characteristics as well as product quality
e Use of heat pump including chemical heat pump
. Reduction in labor costs
o Model-based control
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o New Development and Emerging DrT

New technologies are needed for:
Drying of new products and/or processes
Higher capacities than current technology permits
Better quality and quality control than currently feasible
Reduced environmental impact, use of renewable energy
Reduced fire, explosion, toxic hazards, safer operation
Better efficiency (resulting in lower cost)
Lower cost (operating, maintenance cost and capital)

Shorter processing time while maintaining high product quality
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Some Emerging Dryers

Numerous possibilities exist but not all in common
use due to difficulty of scale-up and lack of prior
experience

Among potential candidates are the following

(most will be discussed 1n another lecture 1n some
detail):

heat pump dryers (above or below freezing),
multi-mode heating, multi-stage

intermittent batch drying

vacuum fluid bed dryer

low pressure spray dryer with ultrasonic atomizer
sorption dryer
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Some Emerging Dryers

7. pulse combustion dryer (with mechanical or non-
mechanical valves)

8. cyclic pressure/vacuum dryer

9. ultrasonic dryer

. high electric field dryer (in corona discharge)
. low pressure superheated steam dryer

. flash dryer

. Osmotic dehydration and pretreatment

Voo~ o

The following slides discuss and present some of these
emerging drying technologies






Energy Savings & Quality Enhancement
Intermittent Drying

Batch - temporal Continuous - spatial

Cyclic or time-varying heat |_I_|

input by convection,
conduction, radiation, Inherent Imposed

dielectric fields, etc.

Rotary Dryers Freeze Dryers

Concurrent or sequential

Spouted Beds Wood Drying

Kilns
Multi-cylinder
paper dryers

Pulsed Fluid
Beds

Intermittency can be imposed so as to
optimize drying kinetics and product quality



& Intermittent Drying

Average moisture content

Surface moisture content

Muoisture content (%o db)
Drying rate (% db/ min)

Time Moisture content (%o db)

(a) (b)

e Total moisture content remains almost the same
during tempering; but surface moisture content
increases after tempering.

 Improves drying rate of the subsequent active drying



Some Examples of

Intermittent Bed Dryers (IBD)

l:;> Rotating Jet Spouted Bed dryer

l:;> Pulsed bed - intermittent fluidization

|:> Vibrated bed with tempering periods

I:> Intermittent IR/MW in a batch heat pump dryer

Conveyor (Apron) dryer with parts of the dryer
unheated

Aside from reduced energy/air consumption, product quality may
be better for heat-sensitive and/or fragile solids. Slight increases
in drying time are expected
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Advantages

 No oxidative / combustion

ABACUS CRYSTAL reactions (no fire/explosion
BALL INC. 1
hazard, better quality product)

e Higher drying rates (higher
thermal conductivity & heat
capacity of SS). Possible

e Suitable for products

[ NN containing toxic or organic
i oa SN g y liquids (recovered by
ey : condensation)

Computerized Predictions
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e Permits pasteurization,
e é | 7( sterilization and/or
A deodorization of food products




Advantages

* There are other product specific advantages:

* Processing temperature flexibility, lower temperature at
vacuum — used extensively in lumber drying

* May reduce critical MC — reduce processing time
e Lack of air (O2) — reduce oxidation and fire risk
e Steam exposure — deodorize, sterilize

e Avoids “case hardening”

e produces higher porosity (lower bulk density) products
(flutfy product without shrinkage)

e Higher quality product feasible (e.g. fibre, pulp,
distiller’s dry grain, silk, paper, wood etc.)



Steam Dryer: Quality Consideration
Factor Impact

Product related factors
 Low-temp. sensitivity More expensive vacuum system required
* High MC Greater efficiency improvement
» High thermal resistance Reduces heating and drying times
* High sensitivity to Lack of oxygen improves product quality
oxidation
* Undesirable taste/aroma SSD strip more of the acids (bitter aromas)
* High product values Biggest inventory cost savings due to reduction of
drying time
Product related factors
» Other uses of steam Small energy consumption, low cap. Cost
* Environmental emission Easier solvent and particulates recover
« Combustion/explosion Lack of oxygen reduces the risk

» Expensive source of thermal Thermal energy savings offset greater energy cost
energy



Low Pressure SSD

* Very interesting new development

e First proposed by Mujumdar to dry silk
cocoons 1n China. Good to attain whiter,
stronger silk fiber with higher yield than
conventional air drying systems

 Now applicable to drying meat, vegs, fruits,
marine products & roots.

e Better color, nutritional content &
rehvdration






Two Stage HPD

Heat pump generates low
/ temperature dehumidified air
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Advantages and Disadvantages

Advantages

Higher energy efficiency with improved heat recovery
e Better product quality with well-controlled temperature schedules.

A wide range of drying conditions typically —20 ° C to 100 ° C and
relative humidity 15% to 80%.

e Excellent control of environment to produce high-value products

e Aseptic processing is possible

Limitations

e CFCs are used in the refrigerant cycle - environmentally issues.
e Requires regular maintenance of components

e Leakage of refrigerant to the environment when pipes crack.
e Increased capital costs.



HEAT PUMP DRYERS

CLASSIFICATION
Processing Number of PRODUCT Number of Auxiliary Heat pump
mode of drying TEMPERATUE || stages of heat input dryer
dryer —st:l}ges— | Heat Pump operation
I | ! |
Single multiple ABOVE BELOW intermittent cyclic
drying drying Freezing || Freezing operation operation
stage stage POINT POINT
| | Continuous
: single-stage heat Multiple- operation
Batch Continuous pump dryer stage heat
dryer dryer pump dryer
Convection Conduction Others :
.Radio-Frequency
.Microwave
INFRARED

A generalized classification scheme for heat pump dryers
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Heat Pump Dryer: Various Types

w Temperature Heat Pump Drying
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Chemical Heat Pump Drying
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Concept of Chemical HPD

HP FBD (Stromen & Jonassen, ‘96)

Chemical HPDs operate using
only thermal energy and do
not release contaminant
gases.

Numerous chemical reaction
has been validated for heat
storage and cold/hot heat
generation
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Modified Atmosphere Drying

* To avoid oxidation of drying material
e Replace with nitrogen or carbon dioxide

 Thus avoiding oxidation and some undesirable reactions
which require oxygen, reduces browning of products and
improves the retention of bio-active ingredients

e Modified atmosphere heat pump drying increases the
effective diffusivities of some food products.

 Common 1nert gases used are carbon dioxide and nitrogen
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N,, CO, ginger modified atmosphere HPD improved the drying
characteristics as well as the retention of 6-gingerol.
the effective diffusivity was increased resulted in better
retention of flavor, even better than freeze drying

Inert gas Apple cubes modified HPD drying resulted in more porous products,
and thus better rehydration

N, Apples modified HPD produced excellent colour and good
retention of vitamin C

N,, CO, Apple, guava and modified HPD gave improvement of dried product

potato quality not only in colour but also in rehydration ability
N,, CO, Guava, papaya the effective diffusivity was 44% higher in guava and

16% higher in papaya compared to HPD, vacuum dryer,
and freeze dryer

less browning, faster rehydration, and more vitamin C

~e
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Advantages

e drying kinetics

° energy saving

e precise process control

e fast start-up and shut-down times

e cost of operation

e quality of dried product

e compactness of microwave applicators

e retarding microbial growth
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Disadvantages

* high start-up costs

e requires sophisticated mechanical and
electronic components

*uneven heating resulted from focusing,
corner and edge heating, inhomogeneous
electromagnetic field, and irregular shape
and non-uniform composition of material
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Vacuum Microwave Drying

e Microwave energy 1s generated within the
product where moisture 1s present, due to the
selective absorption of microwave energy by
the dipole water molecules.

* Therefore, moisture migration in the products
dried by microwaves is from inside towards
outside. Thus giving higher drying rate as
compared to heated air drying (moisture
migration progressed from outside towards
internal)



Hybrid drying

Product

Findings / Remarks

Other Hybrid Drying

Osmotic microwave

man go

reduced drying time and energy requirement

microwave power influences drying kinetics but may also produce

charred pieces.

Pulse vacuum osmotic

dehydration

Mango slices

temperature and solution concentration affected drying kinetics
(positive effect)

vacuum time affected solids gain and water loss effective diffusivity
however, osmotic solution recirculation and vacuum pressure had no

effect ondrying kinetics and product quality

vacuum microwave edamame drying rate was accelerated

drying quality of dried samples was enhanced
produced a porous structure and improved retention of vitamin C and
chlorophyll, colour, and microstructural changes and rehydration
capacity

Freeze drying — air straw berry author claimed that itis better than vacuum freeze drying

drying similar product quality as freeze dried products in terms of colour
and bacterial count
however, its total capital and operating costs are estimated to be
about half of those of freeze drying

microwayve convective cranberries colour parameters of products produced by both methods were quite

drying and microwave

vacuum drying

similar

microwave vacuum-dried cranberries had softer texture







Closing Remarks

Bio-product drying can be accomplished with
conventional as well as innovative technologies

Selection of dryer and drying conditions highly
product-dependent

Drying determines quality and hence market value
of most bio-products

For details see Drying Technology — an International
Journal, Handbook of Industrial Drying,
Proceedings of IDS, ADC, NDC, etc.
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Closing Remarks

Milder drying conditions are more expensive but give better quality
dried product

Blanched product (e.g. parsley) have better color, nutritional content
upon drying

Rapid drying retains more vitamin C; slow drying in sun, solar
dryers results 1s greater loss of C

Freeze drying typically yields best results but at highest cost

Heat pump drying is a good option for low temperature drying

Modified atmosphere heat pump drying has been shown to give
better quality it is more expensive

Low pressure operation reduced drying rate and hence increases cost
of drying

Increased cost of drying must be weighed against premium the
market can give for higher quality product
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