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GRAPHITE-BASED MATERIALS: OXIDATION

— NON-RENEWABLE
Ball milling So U RC ES
e Hummers KMnO, NaNO;,
GRAPHITE oxidation W Graphene Oxide (eGO)
Hummers
oxidation
KMnO,, NaNO,,
CARBON 5 H,SO
BLACK W.S. Hummers Jr,, R.E. Offeman JACS, 1958 , 80, 1339 2_ 2
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BIOCHAR PRODUCTION

BIOCHAR

v

300-500°(

Up to 35% BIOCHAR

Fast ’
Pyrolysis

500-800°¢

FEEDSTOCKAND PYROLYSIS CONDITIONS AFFECT THE BIOCHAR

PROPERTIES Up to 15% BIOCHAR



BIOCHAR APPLICATIONS

FEEDSTOCK, PYROLYSIS

SOIL CHEMICAL
AMENDMENT MODIFICATION

ENERGY

CO, CAPTURE STORAGE

POLLUTANT BIOCHAR
REMOVAL

ADDITIVE

CATALYST

MODIFIED
PERFORMANCE

Rajender S. Varma ACS Sustainable Chemistry & Engineering 2019 7 (7), 6458-6470
R.Schettini, B. Franzese, A. Kiani, M.R. Acocella ChemCatChem 2025, submitted



POSSIBLE FUNCTIONALIZATION PATHWAYS

é )
LONG ALKYL CHAINS

HYDROPHOBIC
PROPERTIES
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* SOLVENT
 WASTE

* HIGH TEMPERATURE
HoN E 0ctadme ({DA)-HGH ENERGY REQUIREMENT
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Alkyl halide

J
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Lauric Acid MECHANOCHEMICAL APPROACH
«  COST-SAVING

« SOLVENT-FREE

« SCALABLE

ACS Appl. Mater. Interfaces 2020, 12 (8), 9248-9260 \ )

Science of The Total Environment 2021, 780, 146517.
RSC Sustainability 2024, 2 (9),2581-2588




PLANETARY BALL MILLING

\

Effective Parameters
 Ballto Powder ratio
* Milling time

* Milling speed

* Nature of the balls

\_ J

BM reduces particle

size and can break or

build chemical bonds
by colliding milling balls




FUNCTIONALIZATION OF OXIDIZED CARBON BLACK{(oCB)

MECHANOCHEMICAL APPROACH

SeS TS ’6\”
CEER e AT

CB oCB ODA oCB/ODA
(Carbon Black) (oxidized Carbon Black) (Octadecylamine)

! !

HYDROPHYLIC HYDROPHOBIC

Water dispersion Water dispersion

[STRUCTURAL SIMILARITIES J MECHANOCHEMISTRY
BETWEEN oCB AND BIOCHAR CAN WORK?

RSC Sustainability 2024, 2 (9), 2581-2588



AIMS OF THE WORK

1) MECHANOCHEMICAL FUNCTIONALIZATION

2) ISIT HYDROPHOBIC? CAN WE REALIZE AN HYDROPHOBIC COATING?

3) APPLICATION IN OIL-WATER SEPARATION IF YES




MECHANOCHEMICAL FUNCTIONALIZATION

OH

e N o NP
Wash
300 rpm and dry
. -
2h
] Solvent-free
BIOCHAR (BC) Ratio 1/1 Octadecylamine

(Fagus Sylvatica) (ODA)

90°C — 30 MINUTES
WAXD

MODERATE INCREASE
OF NITROGEN CONTENT

ELEMENTAL ANALYSIS (EA)
% C % H % O % N 0/C

Biochar (BC) 78.9 2.7 18.0 04 0.23

BC/ODA 81.3 | 3.4 | 145 0.8/ 0.18

p

A. Kiani, M. R. Acocella, F. Aurtemma, G. Guerra ChemSusChem, 2024, €¢202400264



OXIDATION AND ACTIVATION STEP

GREEN OXIDATION MILLING-ACTIVATION STEP

NH, O

900

() 7=
e e

10O

1h - 500 rpm
OH
oBC-BM
BC (pH 7,97) oBC (pH 4,30)
ELEMENTAL ANALYSIS(EA) Surface area H
(m2/g) P
% C % H g) % N o/C
BC 78.9 | 2.7 / 18.0\ 0.4 | 0.23 B¢ &1 7.97
oBC <1 4.30
oBC 72.7 | 2.8{| 24.0 || 0.5 | 0.33
v
INCREASING OF OXYGEN HIGHER EXPOSURE OF

CONTENT FUNCTIONAL GROUPS




MECHANOCHEMICAL FUNCTIONALIZATION

OH

) O‘ X HBCM{G\NHz
“e"“ o Wash
’ ! 300 rpm and dry,
2h
oBC-BM Ratio 1/1 ODA Solvent-free

FTIHGA
90°C - 30 MINUTES

ELEMENTAL ANALYSIS (EA)
% C % H % O % N O/C

oBC-BM 69.7 | 1.3 | 28.9 | 0.1 | 0.41

oBC-BM/ODA | 80.5 | 7.2 | 10.0 |\ 2.4/ 0.13

STRONG INCREASE OF
NITROGEN CONTENT




DISPERSIBILITY TEST AND COATING

DISPERSIBILITY TEST COATING

/ \ / SUSTAINABLE

BUILDING

ACOUSTIC
INSULATION
TEXTILE INDUSTRY

HEMP FIBER (HF)

DIP COATING
Contact Angle (CA) Quick, easy, cost-saving
CA (t=0) | CA (t=605s) LIMONENE
HF 12310 0 Green solvent
WATE |
1 layer 1264 1172

STABLE UP TO 6h k /




MULTILAYER COATING

=)

CONTACT ANGLE
(CA)
CA (t=0) | CA (t=60s)
CANAPA | 123%0 0
1 layer 1264 1172
2 layers 108=4 1041
3 layers 1071 102+1

AGGREGATION OF
FUNCTIONALIZED

BIOCHAR



APPLICATION IN OIL-WATER SEPARATION

WEIGHT GAIN (%) OF PRISTINE AND COATED HEMP FIBERS AFTER ABSORBING SEVERAL OILS

mEm Uncoated Hemp COATED UNCOATED
Il Coated Hemp
HEMP HEMP

Weight Gain %
@

4 COATED HEMP A

15 TIMES INCREASE THE
INITIAL WEIGHT AFTER

PUMP OIL SORPTION
\. J

N.Sozio, A. Kiani, G. Viscusi, C. Di Stasi, G. Girrasi , M. R. Acocella, submitted, 2025,



TAKE HOME MESSAGES

1) MECHANOCHEMICAL FUNCTIONALIZATION

UP TO 44% DEGREE OF
FUNCTIONALIZATION

2) THE FUNCTIONALIZED BIOCHAR WITH ODA IS HYDROPHOBIC
WE CAN REALIZE HYDROPHOBIC COATING

3) APPLICATION IN OIL-WATER SEPARATION




HYDROPHOBIC COATING
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ANTI-CORROSION /
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HYDROPHOBIC PROPERTIES

SORPTION AND
DESORPTION OF

HEMP

BEHAVIOUR IN
WATER

COATED AND
UNCOATED
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