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INTRODUCTION : TOWARDS SUSTAINABLE MATERIALS OCP Liniversiny

SUSTAINABLE
DEVELOPMENT

Chemical resources



. e Abundant biopolymers on earth

Wood & cotton
. * Biodegradable, sustainble and low cost,

. * Tailored capability for chemical transformations

Cellulose fiber i TR | (Argan nut shells...)

Macrofiber
Nanofiber bundles

Nanofiber T
A h Annual plants (Reeds,
A Alfa...)

Disordered region

Sources

9 Marine source (Red
algae...)

: Crystalline region
Cellulose molecular chain 2 g




()

?‘
p) AX
“b

W

S

/s
\S

o
o)
v

INTRODUCTION : QUINOA BIO-WASTE

consumable seed

Bio-waste
disposal

Pericarp (Bitter
taste)

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

4 A

Quinoa (Chenopodium quinoa Wild.)



INTRODUCTION : DYES REMOVAL USING BIOSORBENTS OCP Uiiversity

Anthropogenic
activities

Environmental estrogens
in wastewater
Industrial products and byproducts
Agricultural and livestock wastes
Pharmaceuticals
Municipal waste

-

Biosorbents

Natural Product

Natural

PRODUCT

~

Microbial biomass

Water Reuse
Industrial reuse
Field irrigation
Landscape and urban uses
Environmental restoration
Aquifer recharge
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AIMS OF THE WORK OCP (WIVERSITY

Hydroalcoholic .
);thraction Bio-based
Products
Use of residues and 4 y ) ’V ' “Saponins”
Quinoa Bio-waste ,. |
y
Sustainable biomass sourcing Valorization Quinoa
Moroccan “Chenopodium quinoa” Bio-waste after
Saponins extraction
= Application on CIRCULAR |
Polluted Water ' Methylene Blue BIOECONOMY ” Hemicellulose
Biosorption ‘ I
QBW-III I
= T zis+1 Functionalization
Decontaminated QBW-II and adsorbent
Water QBW.I preparation

Cellulose




I- SAPONIN EXTRACTION AND QBW WASTE GENERATION

| Application
P ey
L ¢ LY
|
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Saponins QBW
Flotation Cell

Biosorbents

OCP UNIVERSITY

Medicago sativa

Chenopodium quinoa

Saponin extraction and QBW waste
generation
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Chenopodium quinoa

Medicago sativa

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

> |QBW waste|generation

A 4

Biosorbent
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II- BIOSORBENT PREPARATION CEOTENRZUR =5 fRGEER Y

Acidic treatment with

0,1M H,SO,.

@ Pyrolysis at 500°C, 1h

A o Functionalized
—C—0

Ao biosorbents

@ Methylene bleu
Biosorption

Ms

Chemical

@ Modifications

I > Thermal

1 Bio-sorption
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Removal Efficiency (%)

RESULTS : KINETICS AND EQUILIBRIUM ISOTHERM
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—a— QBW-I
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fe —A— QBW-III

5 10 15 20 25 30
Adsorbent Quantity (mg)

Effect of bio-sorbent dosage

S ‘_ ....................... _‘ ....................... _‘ S

60 min : equilibrium Time

Exothermic and endothermic processes

Increased adsorption capacity




RESULTS : ADSORPTION KINETICS AND ISOTHERMS
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Table. Methylene blue biosorption data using various bio-sorbents.

Biosorbents = Conditions Adsorption Isotherm model Kinetic Reference
i gl model

Banana pseudo- 570 min Freundlich (Bello et al.,
stem pH 7 2018)
Populus tremula 10 min 145.3 Freundlich (Sebeia et
(seeds) pH 6 al., 2019)
Chlamydomonas 60 min 115 Freundlich (Moghazy,
variabilis (algae) pH 7 2019)
Agrobacterium 60 min 91 Freundlich PSO (Sharma et
fabrum pH 11 al., 2018)
(bacteria)

Ficus palmata 80 min 6.89 Freundlich (Fiaz et al.,
(Plant leaves) pH 7 2019)
QBW-II 60 min 193.8 Langmuir This work

pH 7




RESULTS : FTIR SPECTROSCOPY ANALYSIS
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Fig: FTIR Transmittance spectra of OBW-1, 11, and III before (b) and after (c) MB

biosorption.

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

S

‘600-780 cm-1: S-OR ester function

S

31003500 cm!

— QBW-III

MOHAM



Zeta Potential (mV)

RESULTS : ZETA POTENTIAL AND ZERO-POINT CHARGE MEASUREMENT OCP Uiiversiny
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(a) —a— QBW-/
_ —o— QBW-II
—A— QBW-IlI
1 g g g g
e \\
-20 N \ \
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-30
\

ApH

Fig: Zeta potential and zero-point charge measurement of OBW-1, 11, and I11.

QBW Surface

(b) —— QBW-I
6- —— QBW-II
— QBW-III
4 -

=

Negatively charged

/ surface Water

—
@ Methylene

\ 4 Bleu

- *  (QBWs have a relatively negative surface charge.

2

Negatively charged surfaces possess ZPC below pH 7

- * Favorable QBW-MB interaction




ccccccccccc

RESULTS : PROPOSED MECHANISMS OF MB BIOSORPTION INTO QBW OCP vhivereiny
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ACIDIC @eH N e /o ELECTROSTATIC ATTRACTION ALKALINE

MEDIUM QOH~ T e HYDROGEN BONDING MEDIUM
————> CHEMICAL BONDING
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Biosorption of heavy metals in aqueous and
Step 2: acidic medium S

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

-

L

Final Objective:

Possible up-scaling
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