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Consequences of neglected plant waste 

in natureCanarium Schweinfurthii core 
shell

- Palm nut shells : 49,1-54,2% (A. Diedhiou et al., 2014)

- Coconut shells : 50 % (Ernesto de la Torre Chauvin, 2015)

- Core shells of Canarium Schweinfurthii (CS): 51,99% (Garba 

et al., 2023)

CARBON POTENTIAL OF SOME PLANT 

SHELLS

Annual distribution of greenhouse 

gas (GHG) emissions in 2004

Context and issues
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Coal from biomass (carbonization)

Biomass pyrolysis (Basu, 2013; 

Sami Zellagui, 2017)

CoalCoal yield as a function of 

temperature (Di Blasi, 2009 )
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Context and issues

Primary decomposition 
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Gaz phase 

secondary 
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Context and issues
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Damaged brake Clutch friction plate

Surface 

treatment
Carburization    

Adding 

carbon

Solid 

(charcoal)

LiquidGas

Change of the lattice after insertion of 

carbon or nitrogen in octahedral sites (T. 

LESAGE, 2019)

Heat treatment for steels

Lattice modification

Introduction 

of N or C

FCC lattice
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Introduction of C



What is the contribution of bio-carburizer made from Canarium 

Schweinfurthii on the mechanical characteristics (hardness) and 

microstructural properties of the heat treated steels ?

RESEARCH question
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Step diagram 

Collection, sorting, grinding, 
washing, drying, sieving of 
biomass (size 300/500μm)

Carbonization (Pat, 
T=450°C and t= 10, 20, 
30, 40, 50, and 60 min)

Characterization of bio-carburizers 
(yield, chemical analysis, elemental 

analysis, microscopy, 
thermogravimetry)

Chemical treatment 
with KOH 15% (2/1)

Case hardening of steels 
(950°C, 3 hours): C35

Bio 
carburizers

Characterization of treated 
samples (hardness, wear, 

microstructure)

Materials, methods and results



➢ Shell collection and pretreatment

 Objective: prepare and pack the shells 
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Canarium core shells Grinding 
Sieving 1 Washing 

Drying+crushing
Steaming 

Fine sieving 

(300/500µm)
Packaging

Materials, methods and results
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Objective: Produce bio-carburizers and evaluate the carbonization’s yield

➢Carbonization process

Yield (%) =  
𝑚𝑎𝑠𝑠𝑓𝑖𝑛𝑎𝑙 

𝑚𝑎𝑠𝑠𝑖𝑛𝑖𝑡𝑖𝑎𝑙 
× 100

Materials, methods and results
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➢Carbonization yield 

Materials, methods and results
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❑The results are similar (<33%) to those 

obtain by Linares-Salano, 1980; Daud, 

2001 (palm kernel shell)

❑The yield is higher (>10%) than that of 

charcoal (10%) at the same temperature 

(N. Boukaous, 2021)

Objective: Produce bio-carburizers and evaluate the carbonization’s yield
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100µm

➢Chemical treatment 
Materials, methods and results

15% KOH solution
Bio-carburizer mixed 

with solution (2/1)

Neutral bio-carburizer 

drying at 105°C (24h)

Neutral test

Steaming at 105°C 

(12h) for washing

Objective: Increase the carbon content and porosity of bio-carburizer (Ajayi, 2009)
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➢ Thermochemical carburizing (950°C Elzanaty, 2014; Umunakwe et al, 2017)
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Box covered with clay

Box placed in the 

muffle furnace at 

950°C for 3 hours
Substrate covered 

by carburizer

Samples quenched 

in the water
Box removed at the 

end of time

Samples used: a low 
carbon steel C35

Objective: Enrich in carbon the surface layer of low-carbon steel

Materials, methods and results



KOH treated bio 

carburizer (60min) 

Martensite-retained 

austenite

➢ Optical microscopy: microstructural characterization
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Untreated substrate

Ferrite-pearlite 

structure

Carburized 
depth: 

0.84

Untreated bio-

carburizer(60min) 

Martensite-residual 

austenite-carbide

Materials, methods and results

Carburized 
depth:

 1.80mm

Core: 

Superficial layer:

Carburized 
depth:
0.6mm

500µm

Raw shell

Martensite+ferrite+pearlite

+residual austenite 



➢ Mechanical characterization: Vickers microhardness 
profiles
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Conclusion 

Carbonization 

yield

✓ Yield decreases

with

carbonization

time

✓ Carburization depth

depends on the bio-

carburizers used

✓ Bio-carburizers produced from

Canarium Schweinfurthii increase the

mechanical properties (hardness) of

steels

✓ Treated bio-carburizers give steels a

higher hardness than untreated ones,

this is justified by the higher specific

surface area of the bio-carburizer

Optical 

microscopy
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Hardness 

(HV)



perspectives

❑ Evaluate the carbon content of treated and untreated bio-carburizers

❑ Study the influence of case-hardening time

❑ Submit substrate to a tempering process

❑ Evaluate the wear resistance
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