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* Leblanc G.E., Secco R.A. and Kostic M. (1999).
Viscosity measurement.
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* Poolad P. (2013). Design and fabrication of an
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Tehran. (Persian)

1)

et

o tle;l

g S Al jeSmg codbailo oliws (om) 2 sl
Al g (5 pSojlail ol ilw az 3 Ve slos o e
FIAY L, il eobdwlon 4598wy o e b
a—lie o as el by Dol cwoay (Pa.s)
B g T sl (L san 5 g
Dy oads &3l Y (Pa.s) sga>

adoxjl —alise Lo iagh 0 ;5 Sde oS wo
oy oSyt A 3Y Sy (ls S A ulne
8z 5 an5e5 g s oa VT SLs ST ) sl
WjeSmmmy Sldd (yp g (V0 S8 SLS
A oolal Leo b jeisecyes,

WWAA 526 Jol oyl cpylezr 0590 (g Jow Comiuo (g - (oode 4 25




=

Silep (o pold

wos;d.i,.m aLuu’| -
Ol SIS oranb 2aliog (5559l (i 3 cppiimmnn g Siln qusikigen (555 i gl (Mo
savandroumi@ut.ac.ir

Slasilay ahal cgz e slapsle gl Gk 5l ' G5lan g pmdn wl)d 0 m)l5
o2l 69l ol Az g I Iy sl Al Sl 0 didise sLsojee 5 I sly—e
Lo o—=lpls oyl 30 (65, adgi cenjhaims Fogll A als L, flojpn a5 el
3B g sladils I8 galiwgas (T lwall; bl g ahai (satmej 0 5,15 ale s
s oeizen g dladge cBll |y (55,1 g ools (palS 1) cjlame (Fogll Glajpen
08 5 &5 seeS g cilame S Sol S5 Bl 90 o 0 5T
sLis )| g adai gl g P flaie Ly doeae 30 4 - i5 ol o )lga o jled ;0.0 ilo aalgs Y
Sy glin 5 S3lgpig pmas (aine) 0 (Sludsl 4 g dhial 1 ogdle €559
oyl Jyoare Loy g s pil (byme cadlis ol )0 mlply b azSls s

Sedse oy O

1. Anaerobic digestion
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2. Dry matter

3. Batch

4. Continuous

5. semi-continuous
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6. Phase

7. One stage 0.(single stage)
8. multi-stage

9. Plug-flow

10. through-flow

11. Continuously
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12. Completely

13. Agitator, stirrer or mixer

14. Continuously Stirred Tank Reactor (CSTR)
15.Completely mixed digesters
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1. Biomass sources
2. Anaerobic Digestion (AD)
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Step 1: Adsorption, P= 700-800 kPa
Step 2: Depressurization, P=100 kPa
Step 3: Desorption, P= ~ 0 kPa

Step 4: Pressure build up.
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3. Pressure Swing Adsorption
4. Gas Adsorption Rate
5. Desorption
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6. temperature swing adsorption

7. Electric swing adsorption

8. Carbon Cryogel Microspheres

9. Carbon Xerogel Microspheres

10. Membrane Permeation/Separation
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11. Permeable Barrier

12. Polymeric Membrane

13. Inorganic Membrane

14. Mixed-matrix Membrane
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* Lahankar S.M., Chavan U. and Gore N. (2019). A
thorough review on milk adulteration, its effect on
health and detection tests. World journal of
pharmaceutical research, 646-636:(2)8.
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*Dan Huang, Kaiyang Men, Dapeng Li, Tao Wen, Zhongliang
Gong, Bengt Sunden, Zan Wu. Application of ultrasound
technology in the drying of food products .2019.
* Mahmoud Soltani Firouz, Ali Farahmandi, Soleiman
Hosseinpour. Recent advances in ultrasound application as a

novel technique in analysis, processing and quality control of
fruits, juices and dairy products industries. 20019 .
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Application of Spray dryers
in food industry
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S pray drying is a common unit operation to convert liquid materials into powders for
preservation, ease of storage, transport and handling and other economic considerations. The
concept of spray drying was first recorded in a patent by Samuel Perry in 1872. This process
was introduced for commercial purposes in the 1920s, and spray drying was fully established
on a large-scale basis in the early 1980s (Masters, 1991, 2004).




Now, spray drying is a common practice in the
food and dairy industries to make powders for
capturing bioactive components and nutrients
for a longer period of time. Besides the food
and dairy industries, spray drying is used by
many other industrial sectors such as the
pharmaceutical, agrochemical, light and heavy
chemicals, detergent, pigment, biotechnology
and ceramic.

Among all food industries, the dairy industry is
the largest sector to use spray drying for
converting liquid milk and other milk-based
products into a powder form. One of the unique
characteristics of this process is that the
production capacity of the spray drier can be as
low as a few hundred grams of powder
per hour, up to several tons per hour. The final
product could be free- flowing powder of
individual particles, agglomerates or granules.
Since this unit operation provides a flexible and
economical production approach and offers
many advantages to the manufacturer, over
20000 spray driers are employed around the
world for large-scale production of various
powders (Mujumdar, 2004).

In spite of huge research and development
progress, the energy requirement for spray
drying operations is even now relatively high
compared to other dehydration processes. The
high-energy requirement is due to the fact that
there is no mechanical dewatering involved
during spray drying, since the majority of the
water is removed using thermal energy only.
The energy consumption for the evaporation of
water during spray drying is reported to be 1.5
to 2 times higher than the expected latent heat
of water evaporation . Freeze drying is a more
energy-intensive operation compared to spray
drying. The spray drier, being a convective
drier, has a poor thermal efficiency unless very
high inlet drying gas temperatures are used.
The concentrated feed must be pumpable in
order to dry. An exhaust gas stream from the
drying chamber contains large amounts of
low-grade waste heat, which is very difficult
and expensive to recover at this stage due to the
presence of particles in the stream. Another

Another limitation of the spray drying
operation is the high installation costs involved
in setting up the plant.

BASIC CONCEPTS OF SPRAY DRYING
Spray drying involves formation of droplets
from the bulk liquid followed by the removal of
moisture from the liquid droplets. The material
in the liquid state is sprayed in the drying
chamber, where the low-humidity hot gas
(drying gas/medium) is mixed with the
dispersed droplets. The spray of individual
droplets is produced by the rotary wheel/disc
atomizers, pressure nozzle or pneumatic-type
atomizers. The atomizer is generally located at
the top-centre of the drying chamber for most
spray drying operations. The moisture, in the
form of vapor, quickly evaporates from the
suspended droplets due to simultaneous and
fast heat and mass transfer processe. Spray
drying is thus often referred to as a suspended
droplet/particle processing technique. Drying
of the droplets continues inside the drying
chamber until the  desired particle
characteristics are achieved. The final dried
product is produced using a single-stage drying
process, schematically shown in Figure 1, for
small to medium-scale spray drying operations.
Separation of the dried particles from the
drying gas and their subsequent collection take
place in external equipment such as cyclones
and/or bag-filter houses.

Exhaust
Feed

Strainer
Pump

Atomizer

Dust
caollector
{Scrubber)

Heater

Fan

Filter

Air

Drying
chambear Powder separator

{Cyclone)

Fig. 1 A schematic diagram of a single-stage

spray drying system
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Modern large-scale spray driers are often
equipped with internal and/or external
fluid-beds, which maybe used for second-stage
drying, cooling, agglomeration, granulation
and/or coating of particulate materials. The
rapid acceptance of the multi-stage drying
technology has been due to the production of
free-flowing and dust (very fine particles)-free
powders, the contribution to economy
improvement and the successful scale-up

procedures. Extremely small particles (fines)
are usually recovered from the cyclones, filter
houses and fluidized-bed driers, and are sent to
the top of the drying chamber for mixing with
the freshly produced droplets. Mixing of fine
particles with fresh droplets is beneficial where
agglomerates are of interest.

The exhaust drying gas from the cyclone or
filter house is discharged to the environment.
Many times, scrubbers are installed to recover
fines from the exhaust drying gas in order to
meet environmental laws for minimizing
pollution.

Spray drying can also be considered as an air
humidification process. At ideal adiabatic
conditions (assuming no heat losses), the
temperature of the dry air during moisture
evaporation will be reduced but the heat content
of the air (dry air + vapor) will remain constant.
The increased water vapor present in the air

carries the lost energy from the dry air.

To produce a hot drying medium, the ambient
air (at T .. ) is heated to the desired
temperature (T, ). In modern spray dries, the
hot air stream is mixed with a cooling air stream
(to keep the atomizer temperature at a low
value) and a recycled air stream (containing
fine particles) which 1s relatively cold.
Therefore, the temperature of the hot air stream
is usually kept slightly higher than the
temperature required at the atomizer zone.
During this heating, the absolute humidity of
the air remains constant while its vapor
pressure (relative humidity) is reduced to a very
low value (near zero). The water activity of the
dried product is normally reduced to less than
0.2; therefore the relative humidity of the air is
maintained below %20 RH to reach the desired
level of water activity. The outlet air
temperature (Toutlet), which is controlled by
the liquid flow, is regulated to keep the
moisture or water activity of the product at the
desired level. At the ent of the drying, the
drying gas and the dried product can approach
an equilibrium state. Therefore, the temperature
of the product can be slightly lower than the
outlet air temperature, whereas the vapor
pressure of the water in the product can be
slightly higher than the vapor pressure of the
water in the air. For example, if the outlet air
humidity is %15, the water activity of the
product at the exit can be fixed at 0.2.

WWAA 3l (Jol oled oo 342 0590



The rate of evaporation during spray drying is
influenced by the temperature and vapor
pressure differences between the surface of the
droplets and the drying gas. The other
important factors influencing the heat and mass
transfer rates are diffusivity of water in air,
relative velocity of droplet with respect to
drying gas and the kinematic viscosity, the
conductivity and heat capacity of air. The water
can be diffused to the surface by the bulk liquid
mobility or the vapor diffusion, depending on
the feed type, physical form, composition,
concentration, solvent type and drying medium
conditions. The diffusion of water can be
accompanied by the diffusion of certain solutes
towards the surface of the droplets. This means

v \

/ “’\/
CONVECLIVE correreeeemresssseesessssessssssesssssessssessssssssssssssasnssssns POV
SV 03] 721 1)1 TS —— ole e
Humidification -oeeeeeeeeeeeeen: &l Cugb, «agb
Equilibrium Joles
Shrinkage oLl

* Bhandari B.R., Patel K.C. and Chen X.D. Spray drying
of food materials-process and product characteristics

that in a complex food system, -certain
components can be at higher concentrations
towards the surface than at the centre of the
droplets. During the earlier stages of drying,
when the material moisture content is high, the
liquid water diffusion mechanism dominates,
whereas at low moisture content there might be
both liquid diffusion and vapor diffusion or
only vapor diffusion, depending on the type and
other physical characteristics of the material
being dried (Kundu et al., 2005; Zhang and
Datta, 2004). The conversion of the liquid
droplet to the dried particle is accompanied by
an approximate weight loss of %50 (due to loss
of water) and volume loss of %25 (due to
shrinkage).
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1. Esprit

2. Computer Aided Design

3. Computer Aided Manufacturing

4. G Code

5. CNC (Computer Numerical Control)
6. DP Technology

* www .espritcam.com
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