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INTRODUCTION : TOWARDS SUSTAINABLE MATERIALS  
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Chemical resources
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INTRODUCTION : IMPORTANCE OF LIGNOCELLULOSIC BIOMASS AND ITS MAJOR SOURCES 
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Marine source  (Red 
algae…)

Annual plants (Reeds, 
Alfa…)

Agro-industrial residues  
(Argan nut shells…)

Wood & cotton

Sources
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• Abundant biopolymers on earth

• Biodegradable, sustainble and low cost,

• Tailored capability for chemical transformations 
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INTRODUCTION : QUINOA BIO-WASTE 
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Quinoa (Chenopodium quinoa Wild.) 

High-nutritional-value pseudo-cereal derived from an annual plant

Recently has been introduced in Morocco

Response to the many agricultural challenges

It is gluten-free and contains high contents of proteins, fibers and fats
Excellent source of saponins and secondary metabolites, particularly polyphenols, phytosterols,
and flavonoids

consumable seed

Pericarp (Bitter 
taste) 

Bio-waste 
disposal
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INTRODUCTION : DYES REMOVAL USING BIOSORBENTS 
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Biosorbents

Natural Product Microbial biomass

Agro-industrial residues
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AIMS OF THE WORK
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I- SAPONIN EXTRACTION AND QBW WASTE GENERATION
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Saponin extraction and QBW waste 
generation

Ø The ultrasonic assisted extraction
technique is the most effective for
the extraction of saponin molecules.

Ø QBW waste generation

Biosorbent 
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II- BIOSORBENT PREPARATION 
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QBW

QBW-I

QBW-II

QBW-III

1
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Chemical

Thermal
Modifications
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Bio-sorption

Raw QBW

Acidic treatment with 
0,1M H2SO4.

Pyrolysis at 500°C, 1h

1

Functionalized 
biosorbents      
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3
Methylene bleu 

Biosorption 

MB
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RESULTS : KINETICS AND EQUILIBRIUM ISOTHERM
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Effect of contact time Effect of bio-sorbent dosageEffect of temperature

Exothermic and endothermic processes60 min : equilibrium Time  Increased adsorption capacity 
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RESULTS : ADSORPTION KINETICS AND ISOTHERMS 
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The pseudo second-order kinetics is the 
most suitable correlation to describe the 
mechanism of adsorption of MB dye to 

QBW 

R2(PSO) > R2(PFO)

R2(PSO) > R2(PFO)

NONLINEAR 
EQUATION 

LINEAR 
EQUATION 

Kinetics

Isotherms

LANGMUIR FREUNDLICH 

These results suggest that adsorption 
occurs through the formation of a 

monolayer on the surface of the QBW 
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RESULTS : COMPARISON OF MB BIOSORPTION CAPACITY OF QBW WITH LITERATURE 
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Biosorbents Conditions Adsorption
capacity(mg.g-1)

Isotherm model Kinetic
model

Reference

Banana pseudo-
stem

570 min

pH 7

333.3 Freundlich

PSO

(Bello et al.,
2018)

Populus tremula
(seeds)

10 min

pH 6

145.3 Freundlich (Sebeia et
al., 2019)

Chlamydomonas
variabilis (algae)

60 min

pH 7

115 Freundlich (Moghazy,
2019)

Agrobacterium
fabrum
(bacteria)

60 min

pH 11

91 Freundlich (Sharma et
al., 2018)

Ficus palmata
(Plant leaves)

80 min

pH 7

6.89 Freundlich (Fiaz et al.,
2019)

QBW-II 60 min

pH 7

193,8 Langmuir This work

Table. Methylene blue biosorption data using various bio-sorbents. 
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RESULTS : FTIR SPECTROSCOPY ANALYSIS
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Fig: FTIR Transmittance spectra of QBW-I, II, and III before (b) and after (c) MB 
biosorption.

3100-3500 cm-1: single bonds of 
hydroxyl groups (-OH)

700-780 cm-1: S-OR ester function

3100-3500 cm-1 QBW-III
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RESULTS : ZETA POTENTIAL AND ZERO-POINT CHARGE MEASUREMENT
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Fig: Zeta potential and zero-point charge measurement of QBW-I, II, and III. 1

2

3

• QBWs have a relatively negative surface charge.

• Negatively charged surfaces possess ZPC below pH 7

• Favorable QBW-MB interaction 
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QBW Surface
Negatively charged 

surface 
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Methylene 
Bleu 

-

Water
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RESULTS : PROPOSED MECHANISMS OF MB BIOSORPTION INTO QBW
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CONCLUSION AND PERSPECTIVES
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Step 1: Biomass functionalization using various acids  

Final Objective:

Biosorption of heavy metals in aqueous and 
acidic medium Step 2:

Scale-up: Application of bio-based products on 
a large scale Step 3:

Possible up-scaling
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