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What we will learn...

Why blochar’?
CO2 sequestratlon
CO2 evolution trends

Effect in the environment




What is Biochar?

Biochars are new, carbon-
rich materials that could
sequester carbon in soils

Improves soil properties and
agronomic performance
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BIOGHAR SOILS OF

Inspired by investigations of
Terra Preta in Amazon.




Biochar

* The pyrolysis conversion of waste biomass
into biochar is particularly attracting
attention for the following two reasons.

-it can be used as a soil amendment for
improving soil quality and,

-storing biochar in soils is regarded as a
mean for permanently sequestering
carbon.




Biochar

= environment-related benefits linked with biocha

= rehabilitation of degraded lands,

= reduced GHG emissions,

= adsorption of contaminants to offset streams,
and groundwater pollution are among the

= [tis well documented that biochar application
into soil can reduce the emission of CO2, CH4,
and N20




What is biochar?

Biocharis a highly porous
material made from organic
waste

Can be any forest,
agricultural, or animal waste

Examples:
Woodchips
Corn husks
Peanut shells TR
Chicken manure T 2 =
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More about biochar..

= Biochar is a carbon-rich solid material
produced by heating biomass in an oxygen-
limited environment

= [ntended to be added to soils as means to
sequester carbon(C) and maintain or
improve soil functions.

= |tis produced after pyrolysis of biomass,

typically within a temperature range of
300°C to 800 °C..




Are all biochars the same?

FEEDSTOCKS

Biomass energy
crops (corn,
cereals, wood
pellets, palm oil,
oilseed rape)

Bioenergy residues|

“cake”

Agricultural waste
(wheat straw,
hazelnut and
peanut shells,
waste wood, etc)

Slow pyrolysis
(high temp.600-
900°C, O,-free)

Compost (green
waste)

Gasification (high
temp._, fast heating

rate, O, present)

Manure/ animal
waste (chicken)

Kitchen waste
plastic, food, etc

Fementation,
anaercbic digestion
and mechanical
biotreatment

Sewage sludge

Carbonisation
(‘brown’ at 300°C,
‘black’ at 380°C)

PRODUCT

USES and APPLICATIONS

Synthesis gas
Bic-olil liquid
Biochar solid

—

Syngas

- Heat

- Fuel (combusted to generate electricity
or converted to syngas)

- High value biochemicals used as food
additives or pharmaceuticals

- Soil conditioners / fertilisers

Biochar } "

Activated
Biochar

- Soil amendment (neutral / alkaline pH,
porosity retains water, cation exchange
capacity: robust benefits to plant growth
compared to high-temp char)

- Fuel (cooking and heat)

Combustible
ethane,
methane

- Extreme porosity and surface area
- Water filtration and adsorption of
contaminants (gas, liquid or solid)

Biochar
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Ethanol }

- Fuel (low yield, high reactivity)

- Contamination of some feedstocks
(e.g. metal and plastic in kitchen waste)
may preclude use of sludge / char in soil

Methane andl
sludge I

Charcoal /

- Fuel (for electricity or cooking)

- By-products (wood spirits, wood tar)
- Substitute for coal-denived coke in
metal smelting




Biochar and Agriculture

Agriculture based on slash and burn practices
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Biochar and Agriculture

Gasifier Inno-technology for Negative Carbon
Production (GIN-P) pyrolytic cook stove




Benefits of Biochar
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Benefits of Biochar
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Biochar and CO2 Sequestration

Net carbon withdrawal Net carbon withdrawal
from etmosphem: 0% from atmosphere: 20%
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Objectives

This experiment was conducted to give a close
attention to the Effect Corn Cob Biochar on the
Rate of Carbon Sequestration in Red Acidic Soil

-compare the CO2 evolution trends of all
treatments

-compare the sequestration rates




Materials and Methods
Preparation of Treatments

Treatments are as follows:

Treatment 1: Control (soil alone)
Treatment 2: T1 + biochar (10t/ha) .
Treatment 3: T1 + Gliricidia sepium leaves |
Treatment 4: T3 + biochar (10t/ha)

Treatment 5: T1 + rice straw

Treatment 6: TS + biochar (10t/ha)

Treatment 7: T1 + inorganic fertilizer

Treatment 8: T7 + biochar (10t/ha)

Treatment 9: T1 + organic fertilizer (5t/ha)

Treatment 10: T9+ biochar (10t/ha)




Materials and Methods
Determination of Carbon Dioxide Evolution

Incubation Cap to prevent
jar CO2 from
\ diffusing from the
(—\ jar
lron mesh to
support the 50 ml beaker
beaker with 30ml
R 0.3N NaOH







Materials and Methods
bon Dioxide Evolution
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Materials and Methods
Duration and Titration Schedule

= Titration was donein 2, 5, 7, 14, 21
and 28 days interval respectively.




Materials and Methods

Determination of Carbon Dioxide Evolution

Results were expressed as mg carbon dioxide produced per 100
grams soil. The formula used in calculating the carbon dioxide
evolved was:

mg of CO,=(B-V)x22xNx2
T

where:

V = Volume (mL) of acid used to titrate

B = Volume (mL) of acid used to titrate the CO, trap to the end
point

N = Normality of the acid

T =Time (in days)

22 = weight of 1 meq CO,in mg




Results

Chemical Properties of Luisiana Clay

Property Value ,
pH 4.68 £
EC 0.049

(mS/cm
N 2.75 (M)

(% OM)
P 6.24 (L)

(ppm)
K 0.08 (D)

(meqg/100g soil)

L =Low M = Medium H = HighD = Deficient S = Sufficient




Results
Chemical Properties of Corn Cob Biochar

Property Value
N 1.29 ;
(%) .
-
P 0.67 :
(%)
K 2.70
(%)
Ca 0.22
(%)
Mg 0.51
(%)
Fe 1024
(ppm)
Zn 220
(Ppm) .
Cu 14 5
(ppm)

Mn 85
(ppm)




Energy Dispersive Spectroscopy (EDS) For
Transmission Electron Mucroscope(TElVl)

EDS Layered Image 14

Element
Carbon
Copper
Sodium

ass¢ Potassium
Bl LT Al o RS  Chlorine
: Sulfur
Silicon

Phosphorus
Calcium




Corn Cob Biochar Surface Area

Analysis Report
Operator: quantachrome Date:2017/03/29 Operator: quantachrome Date:2017/03/28
Sample ID: corn cob Filename: CORN COB SA qps
Sample Desc: black powder Comment: Surface Area Analysis
Sample weight: 011929 Sample Volume: 0.03056 cc
Qutgas Time: 3.0 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 273.0K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 56.1 min End of run: 2017103729 20:07:10 Instrument: Nova Station B
Cell ID: 9
Multi-Point BET
Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 Cross Section: 16.200 A: Liquid Density: 0.808 g/cc
Multi-Point BET Data
Relative Volume @ STP 1/[WI((PolP)-1)] Relative Volume @ STP 1/ [W((PolP)-1)]
Pressure Pressure
[P/Po] [ccig] [P/IPo] [ccig]

5.03120e-02 1.2068 3.5124e+01 2.03551e-01 25875 7.9030e+01

1.00989e-01 1.8962 4 7399%+01 2.54369e-01 28317 9.6392e+01

1.51140e-01 22726 6.2686e+01 3.04006e-01 3.0191 1.1576e+02

BET summary
Slope = 318.036
Intercept = 1.631e+01

Correlation coefficient, r =

C constant=

0.997370
20.495

Surface Area =

10.416 m?g

W




Corn Cob Biochar Pore Radius

Anatysis
Operator:
Sampie 1D
Sample Desc
sample weight'
Outgas Time:
Analysis gas:
Press. Tolerance:
Anatysis Time
Cell 1D
t-Methoa
Adsorbate
Radius
[A)
153540
171320
191851
214952
24 3733
26 000
a2 5105
a8 6763
AT A35¢
61 3496
88 2346
161 4766
138 4845
728 GOB2

Report
Quantacheome Date 201 70728 Operator: quantachrome Date 20170428
com cob Fulename: CORN COB gps
black powaor Comment Poro S0 Analysin
01y sample Volume: 0 09056 o
30 s Outgas Temp: Mooc
Nitrogen Bath Temp: NOK
0 1004 100 (adsides) Equil ime: GO0 sex: (adwdes) Equil imeout: 2000240 sec (adsides)
2286 min End of run: 201700020 10 46 42 Instrument: Nova Stahon B
9

Data Reduction Parameters Data

Calc. method; do Boor o
Moving pt. avg.:off Paags below 0.38 PiPo - o~
Nitrogen emperature 17 350K s
Molec. Wt 2001 Cross Section: 16200 & Liquid Density 0806 gl
BJH Pore Size Distribution Desorption Data
Pore Yolume Pore Surt avin diir) dvilogn dsilogr)
Area
[ecig) Im"g) [eorAig) (miAvg) [ecig) (C)

00000 +00 0 0000 +00 0 0 0000e«00 0 00000400 £ 00000 +00

0 00000+ 00 0 0000 +00 0 0000e+O0 0 DO00e+00 0 00000 +00 0 0000+ D0

0 00000 +00 0 00000 «00 0 00000 +00 0 00000 «00 0 00000 +00 0 0000+ 00

11266004 10483001 41657002 22134003 2 05940400

11266004 1 O43e-0N 0 D000 +00 0 00008 +00 0 0000e+00

11206004 1 43 0 0000 +00 0 0000+ 00 0 00000 +0X)

1 1266004 1 0402601 0 DO0OE+00 0 00008+00 0. 00000 +00

1 1206004 1 0483600 0 0000e+00 0 00000 +00 000+ 00

1 1256504 1 0483000 0 00O0e 0 0 00O00e«00 0 00000 +00 ) 00000+ 00

1 1266004 1 0483001 0 00000 +00 0 00000 «00 0 00000 +00 0 .00000+00

17152004 1 1953001 1 7530006 4 0660004 3 592%e.04 8 1440e.02

5 O6ale-04 16 - 363205008 4 7935004 12293003 16227001

1 379503 2 1450e-0" 3084008 1 B20Te-04 22642000 1330001

1 9576003 2 3037001 1 1635008 3 1938006 10730003 514357002

BJH gesorption summary
Surtace Area » 0.230 g "
— T R L0020 cok g
Pore Radius Dv(r) » 21455 |




Results

+T1 =T2 «T3 T4 =T5 +T6 —T7 —T8 —T9 —=-T10
80
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Cumulative CO2 40
(mg) 30

20

10
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2 Days 5 Days 7 Days 14 days 21 Days 28 Days
Time (days)

Cumulative CO, evolution during the decomposition of
organic materials with and without added biochar.




Results

70
60
50
Total CO2 40
(mg) 30
20 ' l
10 ' l
gy ‘'
L) 12 T3 T4 5 T6 T T8 19 T10
mTotal CO2(my) 9.73186 8919734 65.39339 63.80719 2599012 24.08986 13.17721 1194621 10.47921 9.196525
Treatments -

Total CO, evolved after 28 days incubation period.




Results and Discussion

Results such as these showed that biochar
addition can capture C into the soil even in
short period of time and confirmed its use in
the long term storage of atmospheric CO,
that may mitigate or defer global warming.




Conclusion

The addition of biochar with organic and -
inorganic fertilizers in an acidic red soil "
showed a decrease of CO, evolution in the

soil.

Findings such as these can be assumed
that incorporated biochar helps to capture
CO, when added into the soil.




Measurement of Carbon Dioxide in Corn Cob
Biochar-amended Acid Soil Added
with Different Types of Fertilizers
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