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. CHERO! Biomass C1HTH T4

| - liquid fuel AYHEHQ ZA0R

q : Supercritical State
Hydrous Pyroysis of Steam (100 200bar)

Extremely Short
Residence time
- Sufficient H,
Hydro Pyroysis (100 bar)

Flash Pyroysis

] Gasification
LTI .o cond.+ Fisher Tropsch cat




. CHERQ! Biomass GiHoH T4
- liquid fuel A4448HQ ZAOR

Hydrous - close to supercritical state of steam - low oxygen content
- high pressure(10~200 bar) -50%0[ & =2 &= JHd
- 340~360L] ANzl =gt
- residence time 6~72hour
- homogeneous catalyst
Flash - 500~5400] - AABHEF OF 35-40%
- extremely short residence time - MSHOHZ 2 40X 23S
(preferably below 1sec) - =8 275% (ash free, dry base)
-SSR E=EZ EE
Hydro- -000 o0 - space-time relationship = CI.
-0 100bar 000 OO - MASE0| &L
-0000 1~30secl] O O 0O -MSHO KRR ALY = UL
- OO0 biomass
Indirect gasification 0 0 O O O coke formation X[ A3t HAHAS
Route Gas conditioning

+Fisher Tropsch catalyst [J [1 [ [J
liquid synthesis [1 [1 [ [J




lll. Fast Pyrolysis

- Heating rate®il LFE Biomass CiHOH

With Slow Heating rate ]

, . . Polymerization
Lignocellulose Viscous Primary (2 order rxn) Polymer
macropolymers oil precursors Water removal =Char

With
Very fast
Heating rate

(1st order rxn)

Inside of Reactor

Short residence time + quick quenching gyt



lll. Fast Pyrolysis

- Fast pyrolysis® Gloval Reactiom

Secondary
Gases & Vapor

Macropolymeric Oligomeric
Biomass Solids Liquids

\

Macropolymer Char Solids
+ H,O + COx



lll. Fast Pyrolysis

- Mecanism of Biomass Pyrolysis

Molten Biomass observable only at very
T =4500 high heating rates & ablation

|

Oligomers
H+

Monomers

(dT/dt) - oo

Thermo- Aerosols
mechanical/ high MW

isomers ejection species CO +H,
BIOMASS )
Synthesis gas
Vaporization
vapors
\ J
Y
VOLATILE PRODUCTS

H*, M*crosslinking

H™ : catalyzed by acids
M™ : catalyzed by alkaline cations
TMP: catalyzed by

zero valent transition metals




lll. Fast Pyrolysis

-QL MIZAITH AQALON IH2 AYADOI OEN

Biomass

Liquid 24
Deoxygenated product
PAH

High temp. Medium heating
High heating rate value gas
Medium temp. Aerosols
High heating rate Condensable vapors

High temp.

Long residence time

Char + Low
heating value gas
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lll. Fast Pyrolysis

—Primary oil QEONI Lk2 KU
(Short residence time&HOiA )

Mixed Phenolic Alkyl Heterocyclic PAH Larger
oxygenates ‘ Ethers ‘ Phenolics ‘ Ether ‘ ‘ PAH
4000 5000 6000 7000 8000 9000

1202 XA [

o =2

* Dehydrogenation
« Condensation(aromatization)
* Dealkylation

* Deoxygenation
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lll. Fast pyrolysis

- 4R, Q JAHOL

Ooood ooond

Heat Transfer ; Reactor configuration
Heat Supply

Feed preparation

Ttemperature of reaction

Vapor residence time

Secondary vapor cracking

Liquid collection

Char separation

Ash separation

obod oo oo od

« High heating rates

* Moderate temperatures

« Short vapor product residence time &4
* char2l9 &= &L 3}




lll. Fast pyrolysis

-Reactor configuration (1)

95% Conduction

*Accepts large size feedstocks
*Very high mechnical char abrasion from Biomass

Ablative  [4% Convection -Compact design
1% Radiation *Heat transfer problematical

Particlate transport gas not always required
*High heat transfer rate
*High char abrasion from biomass and char erosion
*leading to high char in product

Circulating [80% Conduction |-Char/solid heat carrier separation required

Fluid bed |19% Convection |-Solids recycle required

1% Radiation

: Increased complexity of system
*Maximum particle size up to 6mm
*Possible liquids cracking by hot char
*Possible catalytic activity from hot char
*Greater reactor wear possible
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lll. Fast pyrolysis

-Reactor configuration (2)

90% Conduction

*High heat transfer rates
*Heat supply to fluidizing gas or to bed directly
Limited char abrasion

Fluid bed |9% Convection ) .
1% Radiation *Very good solid mixing
*Particle size limit<2mmin smallest dimension
eSimple reactor configuration
Entrained :
nﬂr::;le 4% Conduction *Low heat transfer rate

95% Convection
1% Radiation

Particle size limit<2mm
eLimited gas/solid mixing
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lll. Fast pyrolysis

- Fludized bed Reactor Process

GAS
For export

?

BIOMASS

Electrostatic

Fluld precipitator

bed
reactor

...,\.\l.- CHAR
To reactor or export

BIO-OIL

Gas
Recycle gas heater recycle

and’or oxidiser
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lll. Fast pyrolysis

- Rotating Corn Reactor Process

Flue gas Aur

Non-condensable gases

e

Quench

Filter

cone reactor
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IV. Bio-oil2 E&}

- Characteristics

Bio—oil2l E40| &
« Feed material® £4

* Pyrolysis process parameters
 Liquid collection parameters

=S MAEE

— high viscosities
— high boiling points
— relatively poor chemical stability
— hydrophilic character
=mostly insoluble in hydrocarbon solvent
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IV. Bio-oil EA{
- Physical properities

Physical Properities Typical Value

Moisture content 25%(15~30%)
specific gravity 1.20
HHV(moisture free basis) 22.5MJkg
HHV (depend on moisture) 17.0 MJkg (16~19 MJKkg)
Viscosity (at 40C)/ (at 40°C,25%water) 30~200cp / 40~100cp
Pour point -23[]
pH 2.5
solids (char) 0.5%
Distillation Max.50% as liquid degrades
C 56.4%
H 6.2%
N 0.2%
S <0.01%
Ash 0.1%
O (by different) 37.1%
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Biomass
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0 O (Electricity) Gasoline
& Diesel
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V. Bio-oil% 29

-Ligno cellulosic feedstock?=HEl

Hai/x E/xgx-ll
¥ ? |
HO-CH,-CH CH3&OH HCOH
Hydroxyacetaldehyde Acetic acid Formic acid
K 0
OH (@) Ievoglucosan i ibvoglucosenone
OH
~ CH,OH CH,OH 7 —0
0 o) — O Anhydro-oligosaccharudes
OH H Ol NOH n=0 : Cellobisan
n=1 : Cellotriosan
OH
OH OH OH
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V. Bio-0il2 2% Q

-Whole Bio—-oil2 Utilization

Fertilizer and Soil conditioners

Amlno compound® Bio—oil2 BtS
AIZ20] CHEH non-toxic/ 214 HIEE A AS| release &

Acetalizaton and esterification rxn.

« S EAN2 &=
- SEEZAN &=
— flavor chemicals
— octane enhancers
— solvents, resins, varnishes
— conversion to ethers
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V. Bio-oilY 29

———

A

Ash

Biomass, Bio Waste

Activated
carbon

Bio-Oil

Anhydrosugars|—.

Hydroysis &
Fermentation

e Ethanol

Humate/ organic

v

vy

NH3—’ Reaction

R Nitrogen slow
Relase Fertilizers

} Noxolene ™

(NOx Reduction)

Reaction

Bio-lime
(NOx/SOx Reduction)

Alcohol—

Reaction

Fuel Enhancers
Flavour Chemicals

Separation

Chemicals
Flavours

Separation

Catalytic
Reforming

g Adhesives

Diesel/Boiler Fuel,
Specialty Chemicals

NN Synthesis gas,
Hydrogen




