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Research Works Related to Carriers In Drying Processes
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(1) Sorption drying of liquid materials: Photosynthetic Bacteria

[ Issues: Highly heat-sensitive and xerolabile suspension. ]
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Drying photosynthetic bacteria liquor by using solid particulate carriers in a vibrated fluid bed.
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Y.K.Pan, J.Z. Pang, Z.Y. Li et al., Drying Technology, 1995,13:395-404.

€ The porous carriers such as wheat bran,
starch, peat, straw, etc. are preferable
because of their larger sorption capacity and
possibility for the use as an integral
component of the final product.

The product quality can be preserved when
drying is performed on the solid carrier.

If the wet bulb temperature of the inlet air is
close to the fermentation temperature of
biological materials, the activity of biological
products can be preserved to the greatest
extent (more than 90%).




(1) Sorption drying of liquid materials: Fermentation Spent Liquor

Drying of the spent liquor is a challenge because it is highly viscid and its
thickness and stickiness depend on dissolved components. )

0.4
—e—1/03 € Interestingly, it was found that conditioning the material for a

0.35 4 Bran-to-Liquor Weight Ratio - 1/0.6 certain time (not agglomerated and with less internal moisture)
& 1/09 after mixing the bran with the liquor markedly improves the
drying rate of spent liquor. This is mainly caused by the
redistribution of initial moisture content of spent liquor inside
the corn bran particles.
€ This operation can be accomplished in a belt conveyor dryer.
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Drying curves of spent liquor on . e
corn bran with different weight (carrlers) @) (b)
ratios (T=80C) Corn bran adsorbed by spent liquor with various weight ratios:

Z.Y. Li et al., Drying Technology, 2010,28:1193-1200. (a) Bran-to-Liquor Weight Ratio =1:0.3; (b) Weight Ratio =1:0.6.



(2) Contact-sorption drying of solid materials

Dissimilar materials
(density, size, etc)

Insufficient gas-solid contact
Low degree of fluidization
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Z.Y. Li et al., Drying Technology, 2002,20(6):1193-1213.

€ Adding silica gel

particles, the soybean
seeds disperse much
intensively even at
lower gas velocity,
compared to the bed
of soybean solely.

Improved bed
pressure fluctuation
frequencies indicates
good gas— solid
contact realized.




Fluidized bed <==> Fixed bed, alternatively; Mass transfer with adsorption heat;
Seedcoat cracking affected by Relative Humidity in the system
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(3) Spray-freeze drying
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Q. Xu& ZY. Lietal, Drying Technology, 2012,30:1756-1762.
F. Zhang & Z.Y. Li et al., Drying Technology, 2020,38(1-2):71-78.



Pilot SFD equipment
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(4) Microwave drying
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‘The biggest challenge of microwave
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T | T | heating is heating unevenness.
e € Particles in motion in Fluidized/
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(5) Biomass Pyrolysis

Pyrolysis is an effective method to convert biomass into high value—added energy products.

|omass =

Pyrolysis

Breaking of chemical bonds of

macromolecules, intramolecular dehydration,

and functional group rearrangement

Heating
(Inert environment)

A" 3 -
EJ Gas (Combustible gas)

» CH, H, CO C,H, etc

(& Liquid (Bio—oil)
» Further refine and produce oil & chemical products

} Solid (Porous carbon)

» Improve Soil, water and air purification

Problem

Long pyrolysis process (30 ~ 120 min) = High energy consumption — High cost !
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[ Development of an high energy efficiency device for fast pyrolysis of biomass }
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Fast pyrolysis of biomass in spouted bed with sand
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Carriers

Quartz sand
(0.22-0.45 mm)

¢ Improve fluidization quality
¢ Enhance the heat and mass transfer
& Strengthen the reaction process

iyt i3)
v" The pyrolysis time less than 5 min;

v' The BET surface areas up to 1550 m2/g
( Total pore volume up to 0.7272 cm?3/g;

pore size1.89 nm; micropores: 94% ) XY. Gao & ZY.Li et al., J Mater Cycles Waste Manag, 2018,20:925-936.
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Biomass pyrolysis in an induction heating reactor

r Induction heating reactor
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L. Wu & ZY.Li, et al., International Journal of Hydrogen Energy, 2021.
https://doi.org/10.1016/}.ijhydene.2021.11.229

Pyrolysis Catalysis

Electromagnetic induction 1 I

Qoule heating effect

Heat flow

Heat flow
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biomass Induction coil
/ :
Reactor - 0
Enhance Improve
heat and Hollow steel ball catalytic
mass transfer O.D. 6-16 mm performance

thickness of 1 mm

Pyrolysis time were significantly reduced up to 30%;
The yields and qualities of bio-fuels can be increased
and improved, respectively!




(6) Fluidization

The purpose of fluidization technology is to
enhance the contact and transfer process
—| between particles and fluid, while facilitating
the batch transportation of particles.

|

How to reduce bubbles and particle agglomerations by
changing the characteristics of particles and fluids?
» Pulsed fluid bed, Fluidized bed with

carriers/specially designed gas distributor

v"Improve the pressure drop
[> v Prevent leakage
v

Evenly distribute gas
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Summary

Selection & Design

of particle carriers

—— Drying process —— Carbon neutrality

High-efficiency Emission peak
Low-carbon
High—quality
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