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OBJECTIVES

e Determine the feasibility of using the char
from a coal/biomass pyrolysis-reforming
process and CO, emissions at a smokestack to
form a solid NH,HCO,-char product that may
subsequently be used as a fertilizer.

 Increase diversity of the Nation’s workforce
and the broader impact of the project through
the education and training of minorities.



Outline

Introduction to the integrated hydrogen
production-CO, capture process.

Char production, an integrated hydrogen-char
production from bio-mass via pyrolysis

Bench scale study of NH,HCO,-char production
and fertilizer characteristics

Future work: pilot scale study sketch of
NH,HCO,-char production and fertilizer
characteristics



The Peanut Shell to Hydrogen

Stationary fuel cell power
generation




Biocarbon-Based Fertilizers
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Schematic Flow Diagram of the Biomass Pyrolysis-reformer Process
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Photo of Hydrogen Production System
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Photo of Pyrolysis Unit and feeder
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Photo of Automation System
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Hydrogen Production Control (Program-Steam Heat-up)
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Nitrogen free-Base Gas Composition Vs.Time (24hrs)
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Produced Char Sample
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Char Formation

Endothermic Exothermic Both are possible

Structural and Chemical
Reforming

140 200 280 400 500

Removal of Char begins to glow. Most gases have
free Water . evolved from char and with no protective
Dew Point cloud it provides active sites for additional
Non-Combustibles of _ reactions and will be consumed by gasification
Water Vapor Condensibles | with CO2 and/or steam (endothermic reactions)
Carbon dioxide or any O2 (exothermic).
Formic Acid
Acetic Acid
Hemicellulose
Carbon Monoxide
Methane

Combustibles
Flammable tars

Polycondensates
are formed >170C
(Runkel and Wilke)

Copyright 2002 Eprida - Reproduction for non-commercial use granted
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Formation of Ammonium Bicarbonate

(Inside the 15min Char Interior)
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Leaching Examination of

Different Chars

Leaching Examination of Different Chars

2 4 6 8
Rinse times

e Test condition,

100ml Rinse,
char sample
20.0g

The 400C char
showed the
potential of long
term slow release
of nutrients,
hinting good
candidate for
further testing.
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Chemistry Calculation
H20 (18) + NH3 (17) + CO2 (44) — NH4HCO3(79){

Bench scale test:

Reactor volume: ~0.4 liter
Char: 30.00g

H20: 10.00g

NH3: 9.44¢g

CO2: 24.44qg

NH4HCQO3: 43.89¢

. At1latm, 25C, Air: p=1.2928 g/l, NH3: p=0.7714 g/l, CO2: p=1.9768 g/|

Pilot scale test:

Reactor volume: ~74 liter
e Char: 1000g/hr

o H20: 294.70g/hr

o NH3: 298.4g/hr

o CO2:720.5g/hr

« NH4HCOQO3: 1293.6g/hr
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Schematic of Bench Scale Test
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Photo of Bench Scale Test

11/19/04 13:23
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Procedure of Bench Scale Test

Tester

Fertiler Test Procedure

Date/Time

Task #

Task

Setpoint

Reading

Notes

1

Record environmental temperature

2

Record tested Char type

Weight Reactor (g)

301.6

Mix water with char (char/water)

11g/llg

Fill wet char (g)

20

Weight reactor + wet char (g)

321.6

Check test setup fixture, install reactor

see drawing

Open N2 to clean pipeline (cfm/min)

1 cfm/1 min

Introduce NH3 to soak char (ccm/min), stir Char.

10

Stop NH3

11

Open N2 to clean pipeline (cfm/min)

1 cfm/1 min

12

Introduce CO2 to make fertilizer (ccm/min), stir char

13

Stop CO2

14

Weight Reactor+Fetrtilizer (g)

15

Store fertilizer and mark it

16

Clean reactor etc.
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Effect of Exit Char Temperature on
Fertilizer Absorption

e The chars with exit
temperature at 380C,
400C and 420C have
similar absorbability.

e 400C char has a little
better performance.

NH4HCO2 (

OFRLNWDbMIMOUO O
|

Effect of exit char temperature

i A —
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380 400 420
Temperature (C)
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Effect of Char-water Ratio Char
Absorption

o

NH3HCO3 (g)
N ~

o

Effect of char-water ratio

(op]
!

/

o

Water (g)

15

e Char with More water can
produce more fertilizer.

* Not all water reacted with
NH3 and CO2 and formed
NH4HCO3. Some may
absorbed by dry char.

e Mixing char and water

with weight ratio of 2:1 to
1:1is recommended.
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Effect of Stir on Char Absorption

CO2(g
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I L

Effect of stir on the char absorption

—e— Total NH3
introduced (g)
—8— Total CO2

introduced (Q)
—aA— Char Absorbed
Fertilizer (g)

—

-

1

2 3

Repeat times

4

Repeatedly and alternately
Introducing NH3 and CO2
can significantly influence
the production of the
fertilizer.

Stir the char inside the
reactor can significantly
help the absorption of
fertilizer.

Supplying NH3 and CO2
with mole ratio of 1:1.51s
recommended.
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Effect of Gas Supply Rate

o oo

N

NH3HCO3 (g)
=N

o

Effect of gas supply rate

.\u

—

o

100 200

Gas supply rate (sccm)

300

—e— Char Absorbed
Fertilizer (g)

—5-C02(g)

NH3 ()

o (as supply rates
Introduced into inside the
reactor have no significant
Influence on the char
absorption.

 The volume of the bench
scale reactor 1s 400C. The
recommended flow rate
for this reactor 1s 200sccm
for CO2.
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Discussion of Bench Test Results

The char with exit temperature 400C Is
recommended for bench scale test.

Mixing char, water and ammonia with weight ratio
of 2:1:1 is recommended.

The mole ratio of 1:1:1.5 are recommended for
H20:NH3:CO2.

200 SCCM (reactor volume:400 cc) flow rate may
proper for bench scale reactor.

Stir the char inside the reactor can significantly
help the absorption of fertilizer.
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Schematic of Pilot Test Reactor
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Suggestions for Pilot Scale Test

Mix ammonia and water with ratio 1:1.
Feed char with rate of 1000g/hr.

Supply ammonia water blending with rate of
600g/hr.

Introduce Carbon Dioxide with rate of
550g/hr. (4.6 I/min)

Stir are necessary inside of the reactor.

2.3kg fertilizer (10% Nitrogen rate) per hour
would be produced for above input.
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FUTURE WORK

NH,HCO,-char (Fertilizer) production

Fertilizer

characteristic evaluation

Develop process models for scale up and

OIrocess O

nased on

ntimization.

Perform detailed techno-economic analysis

nilot results.
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