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Presentation Overview

• Why investigate surface morphology?

• Common representations of surface morphology measurements

• NRRI approach to collecting complete pore size distributions (PSDs)

• Analysis of balsam fir PSDs produced under varying pyrolysis conditions

• Opportunities for alternative, regime-specific quantification of pore volumes 
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Why is Surface Morphology Worth Investigating?
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Surface-Driven Removal
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~0.26-0.37 (small molecules: H2, H2O, N2, CH4, CO2 etc.)

~0.30-0.40 (aqueous heavy metal cations: Cd2+, Pb2+ Hg+ etc.)

~0.43- 0.62 (C4-C6 hydrocarbons: butane, hexane, benzene etc.)

~0.80-1.5 (env. contaminants: PAHs, PCBs, PCDDs, PFAS etc.) 

~3.0-4.0 (micelles: PFOA or PFOS e.g.)

~500-2,000 (typical soil microbes)

Micro (<2) Meso (2-50) Macro (>50)

nm

Adsorbate Sizes (nm)
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d d d

Adsorption Capacity vs. Pore Size (d)???

• Biochar adsorption capacities often correlate directly to surface morphology

• Even if surface morphology is not primary factor, still plays important role

• Improved ability to control biochar pore diameter will allow for better studies

• Defining pore size of interest more precisely (better than mesopore volume e.g.) 
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Room For Improvement

• Many biochars contain ultramicropores (<0.7 nm)
• Specific surface area, total micropore volume

• Typical reported pore volume regimes (mesopores e.g.) 
are often not informative for predicting performance
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biochar.ucdavis.edu
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PSD Approach

CO2 Adsorption 273 K 0.36 – 1.00 nm

N2 Adsorption 77 K 0.7 to 50 nm

Hg Intrusion 5 to 500,000 nm

Simultaneous fit  0.36 to 50 nm
2D-NLDFT (heterogenous surface)

Jacek Jagiello et. al., 
Carbon 91 (2015) 330–
337
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Instrumentation

Degassing 
Station

Gas 
Adsorption 
Analyzer Mercury 

Intrusion 
Porosimeter
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Superior National Forest Balsam Fir

https://www.fs.usda.gov/main/superior/maps-pubs

Greenwood Lake Fire 2021 (~27,000 acres)

http://www.timberjay.com/stories/lightning-ruled-the-cause-of-
greenwood-lake-fire,18041
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0.36-26.5 nm 26.5-325,000 nm
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~0.5-6 µm
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Pore Volume 0.36-0.70 nm

V(cum. 0.7nm) – V(cum. 0.36nm)

0.121 – 0.000 = 0.121 mL/g

°
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Pore Volume 6-12 microns

6 µm 12 µm
Regime Specific Pore Volume =

V(cum. 12 micron) – V(cum. 6 micron)

8.40 – 2.61 = 5.79 mL/g

°
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800 ℃
550 ℃
400 ℃
300 ℃

800 ℃ Oxygen* 
*Small % O2 was 
introduced into 
the sweep gas 
for short period 
of time 
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