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Motivation

* Multiple applications proved by literature (Bartoli et al. 2020)
* Agent of circular economy and carbon sequestration

olocnar Biochar feedstocks
M a rkets (Draper K, 201 5) ?tt_tﬁzzd/e/www.r1t.edu/sustamabﬂltymstltute/blog/what-b1ochar-and-how-
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Market value of composite materials worldwide from 2015 to 2024 [ billion of U.S. dollars]

(Bartoli et al, 2020) Zhang, Q. et al. (2020)
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* Physical properties * Thick composites
» Surface Area (pore size) * Compress molding
* Moisture content e Plastic films

* Loading amounts * Agriculture mulch.films
* Particle size
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https://doi.org/10.1007/513399-022-02340-4

Sustainable Chemistry and Pharmacy 35 (2023) 101223
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Biochar-filled plastics: Effect of feedstock on thermal and mechanical
properties
Biochar %s a sustainable alternative to carbon black in agricultural Effect of biochar content and particle size on mechanical properties
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of biochar-bioplastic composites
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Composite develo ; ment

PLA: 200°C
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| Moisture Chemical
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19.3+1.7m?/g Surface Area 47.4+3.0 m?/g

Dairy Manure 24.9+0.6 pm Pore Radius 21.3+0.4 um Wood chips(3V¥4:
0 2 0 e
6% Moisture Content 2.5% ey
USBI < BIOCHARCONFERENCE.COM - FEB. 12-15, 2024




Composite development
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What did we learn?

* Polymeric matrix and biochar feedstock interact and cannot be
treated separately.

* Moisture is an additional key parameter to characterize biochar
for the plastic filling application

Biomass Conversion and Biorefinery
https://doi.org/10.1007/513399-022-02340-4
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Biochar-filled plastics: Effect of feedstock on thermal and mechanical
properties
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Can we adjust the BC properties?

Dehydration for
Coffee grounds 10 hours
from RIT
cafeteria

Biogenic
Refinery at
800%25°C with
feed rate of 5
kg/hr

USBI +« BIOCHARCONFERENCE.COM - FEB. 12-15, 2024



RIT

N N
) ()

NN
-

\®]
S

[E—
-

Percentage of particles in sample
(U8)
(a)

!

0.1

10

Golisano Institute for

Sustainability

—-Unground -=TSWM —Cryo-mill

| 10 100 1000 10000
Particle size (diameter pm)

USBI +« BIOCHARCONFERENCE.COM

10

Improvement

—-Unground -+TSWM —-Cryo-milled

90

FEB. 12-15, 2024

150

250

Screen Size (um)

500

850 140(




RIT

2-factor experiment

Sl GEGIT T 5 10 15 20
(% weight)

1"

Golisano Institute for

Sustainability

As is
TSWN
Cryo
. . Mechanical
° Composolte propert!es Thermal
° Processmg properties SEM
Plastogram
USBl + BIOCHARCONFERENCE.COM -

FEB. 12-15, 2024

Improvement




ELSEVIER

Effect of bioc
of biochar-bi

A.M. Mozrall?, "

a Department of Packaging a
b Golisiano Institute for Sustc

Sustainable Chemistry and Pharmacy 35 (2023) 101223

94
o)

" SUSTAINABIE

CHEMISTRY &
A e Unground PHARMACY

N
)

- - - TSWM

—&— Cryo-milled

W
]

» Control (C)

Av. Tensile Strength (MPa)
[\
S

p—
e

5 10 15 20
Biochar Filler Content (wt. %)

Improvement

Particle size influences the interfacial adhesion between BC and

the analyzed matrix. This effect fades away with loading.
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* Agricultural plastics,
mulch films

« Weed control through
opacity

i.e.

* What roles can biochar

fulfill?

13 usBl -

Benefits of mulching
(adapted from Igbal et al.
2020)

Benefits of mulching

Soil environment

|
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Conserve soil water
Reduce evaporation
Regulates soil temperature
Insect and pest control
Minimize weed growth
Improve soil heath
Increase nutrient status

Economic

|
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Enhance crop yield

Increase fruits quality

Increase water use efficiency
Improve water holding capacity
Earlier harvest

Profitable
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BC as an opacilier

e Carbon black is the traditional additive we

need to compare BC
Carbon Black Biochar opaque
opaque films films

2 wt. % 2 wt. %
4 wt. % 4 wt. %
6 wt. %
8 wt. %
12 wt. %
15 wt. %

Under 50.4 pm
Thermal, Mechanical, Opacity %
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Opacity

Films with a theoretical 75% opacity
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Techno economical Analysis
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Life cycle impact

Technology life cycle assessment

(Langhorst et al 2022)

Life cycle inventory
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20
For film applications where the performance is primordial while minimizing costs,
biochar is not yet a sustainable replacement for carbon black
C

For thicker composites, where mechanical properties can be lesser, biochar can be
a great dark filler to displace plastic and costs.
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Conclusions

* There is a synergy between biochar feedstock and
polymeric matrix. As the right match of biochar and
polymer can enhance the performance of the composite.

 The key properties for the plastic filling application are
the particle size, moisture, porosity.

* It is important to understand the role of biochar in the
composite. Biochar is a viable additive and filler for

thick composites, where the mechanical properties are
not the driver of the application.
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