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Future Forest Industries Initiative:
NRRI seeks to assist Minnesota’s
incumbent and emerging forest products
= — g industries evolve to offer a robust and
Duluth, MN competitive portfolio of value-add
building products, engineered carbon
materials, non-fossil fuels and materials
while offering carbon sequestration and
agro-forestry options.
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Chemistry & Materials Science Group @ NRRI

Current Funded Biochar & Engineered Biocarbon Projects:

1) USFS Wood Innovations: “Expanding Markets for Hazardous Fuel Balsam Fir via the Low-Carbon
Economy” (See Video: www.youtube.com/user/umnduluth)

2) MnDOT: “Development of Biochar Specification Criteria as Soil Amendment for Slopes, Conveyances
and Stormwater Treatment Systems”

3) DOD (Army Research Lab): “Woody Biomass Biochar as a Fossil Coke Substitute in the Reduction of
Lead Oxide”

4) DOE: “Scale-up and Demonstration of a Carbon Neutral Engineered Material to Displace Fossil
Carbon in Electric Arc Furnace Steel Mills”

5) NRRI Internal Funding: “Iron-amended Biochar for Increased Carbon Sequestration and Improved
Contaminant Adsorption”
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Chemistry & Materials Science Group @ NRRI

What we are interested in: Performance
—

-Investigating relationships

-Projects targeting large-scale deployment opportunities for biochar Process Properties
-Large stockpiles of biomass waste - Agroforestry (e.g. hybrid poplar)
What we are good at:

Structure

-Making biochar at various scales
-Highly-controlled biochar production (consistent)
-Biochar characterization (not a lot we can’t do)
-Biochar performance testing

Where we need help (collaborators):

-Agronomists
-Materials engineers (e.g. cement experts)
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Considerations for Biochar Production

« Chemistry of biomass thermal degradation (high-level)
» Surface morphology (pore size distributon)
* Feedstock preparations

* Pyrolysis methods




PRIMARY PYROLYSIS PRODUCTS

Woody Biomass Pyrolysis — Depolymerization

—— Dehydration

0 — Fixed Gases: CO, CO,, H,, CH, etc. — Ring scission
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Microporosity Leads to Mesoporosity

Micropores (0-2 nm) Mesopores (2-50 nm)
generated from generated from widening
vacancies Ieft behind by of micropores (removal
release of primary of surface C atoms)

pyrolysis products

Activation

Pyrolysis

> >
(O2, H20, CO,
etc.)

Raw Biomass H,O0+C-> H,+CO

O, +C > CO,
Reaction rates with C: O, > H,0 > CO, CO,+C > 2CO
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Dual CO,/N, Gas adsorption experiment
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*Small % O,
was introduced
into the sweep
gas for short
period of time
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Macroporosity

Log Differential (mL/g)

Balsam Fir Biochar 550°C

Interparticle pores

0.1 1 10 100 1000 10* 10°
Pore Width (nm)

Impacts:

-Water Retention
-Soil Hydraulic
Conductivty

-Soil Compaction
-Overall Porosity %
(99% of total pore
volume
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Macroporosity
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BA = Black Ash
6 BF = Balsam Fir
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High Variance Low Variance

4—>.

_H|gh Moisture -Low Moisture
-Higher oxygen -No oxygen
-Little -High
Temperature Temperature
Control Control

-Debarked, bole only
-Pre-dried (e.g., less than 20% moisture)

-chipped

-Whole Tree (bark, branches & leaves)
-Wet
-Unchipped
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Considering Proximate/Ultimate

Feed Stock Preparation

Ash Content (% by mass) in Poplar

Raw Feedstock (Biochar @ 600 °C)

Wood 1.3% (3.8%)
Bark 5.8% (14.7%)
Leaves 10.3% (27.2%)

Impacts: Liming, PSD, Stable Carbon Yield

Pyrolysis Temperature

L.Qiu et. al. Industrial Crops & Products 202 (2023) 117001

Oxygen Content (% by mass) in
Black Ash

Raw Wood 43.97%
Biochar 300 °C 32.10%
Biochar 400 °C  15.54%
Biochar 450 °C  12.47%
Biochar 550 °C  7.18%

Impacts: CEC, Contaminant Adsorption, Stable
Carbon Yield
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Conclusions

 \What will the biochar be used for?

Carbon Offset Credits €<-> Stormwater treatment
* Feedstock Choice/Preparation

Manure/Creosote railroad ties <> Debarked, dried, chipped wood bole
* Pyrolysis Method

Flame cap kiln ("box” units) €<—-> Continuous feed rotary kiln

« Relevant Characterizations

Do no harm” €—-> Carbon Yields €-> Performance evaluations
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