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Treatment of industrial or city effluents
depends on:

- Nature of contaminants (metal ions,
dyes, pharmaceuticals....)

- Interest in recycling

- Toxicity
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Processes
- Precipitation

- Membranes
- Liquid/liquid extraction

- Electrochemical processes
- Adsorption = BIOADSORPTION
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INTEREST on the EXPLOITATION of
BIOMASS RESOURCES

composites

green 3
.',‘-‘

Polysaccharides (cellulose, chitin, chitosan, starch) are of increasing interest
as new functional polymeric renewable materials because of their
abundance and specific properties.
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CHITIN : Sources

Sources : exoskeleton or cuticles of invertebrates or cell
walls of fungi or algae

Lobster

using chitosan: Adsorption and Cq




CHITIN and CHITOSAN

One of most abundant natural polymers with a
similar structure to cellulose
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CHITOSAN PROPERTIES

Chitdsﬁﬁéﬂh«ggsed:

- Biocompatible

e Under solid form in ADSORPTION

Presence of hydroxyl and amino groups

. Uu(iﬂlagqigjld form for charge
neugralization and COAGULATION-

FLzOGCCUILAFIONoofAhionic
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co%ﬁta lngity
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CHITOSAN and
ADSORPTION
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CHITOSAN and ADSORPTION

Models
- Bridge Model
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Schlick, Macromolecules (1986) 19, 192-195
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CHITOSAN and ADSORPTION

Coordination of Copper by DFT
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Braier and Jishi, J. Mol. Struct. (Theochem) (2000) 499, 51-55.
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CHITOSAN and ADSORPTION

Neutralization of chitosan by NaOH in presence of Cu (II) ions
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CHITOSAN and ADSORPTION

Formation curve of complexes

2 -
n: number of coordinate groups fixed per one metal ion
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CHITOSAN and ADSORPTION

Cu-Chitosan complexes
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CHITOSAN and ADSORPTION

Complexes with Sr?*

- Sr2t -
0,”

Piron and Domard, Int. J. Biol. Macromol. (1998) 23, 113-.
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ADSORPTION of ORGANIC
COMPOUNDS

One of the most serious environmental problems
(persistence of organic contaminants within
environment)

Major parameters:
- Size of the molecule
- Chemical structure
- Hydrophilic or hydrophobic character
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ADSORPTION of ORGANIC
COMPOUNDS : DRUGS
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El-Shafey et al., J. Appl. Polym. Sci. (2014) 131, 40458
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ADSORPTION of ORGANIC
COMPOUNDS : ENDOCRINIAN
DISRUPTORS

Salim et al., Carbohydr. Polym. (2010) 81, 640-644
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ADSORPTION of ORGANIC
COMPOUNDS : ENDOCRINIAN
PERTURBATORS
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ADSORPTION of ORGANIC
COMPOUNDS : DYES
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ADSORPTION of ORGANIC
COMPOUNDS : HERBICIDES
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Carneiro et al., J. Environ. Manag. (2015) 151, 353-360
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ADSORPTION in ACIDIC MEDIA

To use the ability of IONIZATION of
amino groups and ELECTROSTATIC
interactions

= CROSSLINKING of chitosan and
preparation of beads....
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Controlling Parameters : Cristallinity

Pt(IV) Adsorption
(pH 2 on crosslinked materials)
3000
% ¢ Fungi
A Shri
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Jaworska et al., Polym. Int. (2003) 52, 198-205
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Controlling Parameters: Diffusion
within chitosan crosslinked flakes

G1 <125 um
125 pm < G2 <250 um
250 pm < G3 <500 pm

"

pH3
MoO,%

0 20 40 60 80 100
Ceq (mgMo/L)

Guibal et al., Ind. Eng. Chem. Res. (1998) 37, 1454-1463
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Controlling Parameters:
Diffusion in gel beads

8 BIi| B1=0.95mm
B2l | B2=1.6 mm
A B3| B3=2.3mm

0 20 40 60 80 100
Ceq (mg Mo/L)

Guibal et al., Ind. Eng. Chem. Res. (1998) 37, 1454-1463
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Controlling Parameters:
Diffusion

HV WD |Spot|Sig| Det Pressure Mag ]
15.0kV[12.0 mm| 5.0 |SE|LFD|0.53 Torr| 71x

Chitosan foam used for Pd(II) binding

Wastewater treatment using chitosan: Adsorption and Coagulation —

Flocculation processes

April 24, 2018




Controlling Parameters : Metal
speciation and pH

Copper sorption in presence of citrate
(DA=13%, Mw=125,000 g/mol)
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Guzman et al., Int. J. Biol. Macromol. (2003) 33, 57-65
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CHITOSAN and

COAGULATION-FLOCCULATION

Flocculation processes

u o
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WHAT IS THE PRINCIPLE?

Coagulation:
to neutralize the surface charges in order to

limit repulsion forces and allow aggregation

Flocculation of the aggregated matter in

suspension
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CHITOSAN BOTH COAGULANT
AND FLOCCULANT

Coagulant
Solubility in acidic medium (pKa~6)
Presence of ionic charges in acidic
solution

Flocculant
Due to high molecular weight
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EXAMPLES : Dissolved
contaminants as Reactive Black 5
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EXAMPLES : Dissolved
contaminants as Anionic dye

Szygula et al., J. Environm. Manag. (2009) 90, 2979-2986
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Eftect of Chitosan concentration

pH 3

50 60
[Chitosan ] (mg L")

Guibal and Roussy., React. Funct. Polym. (2007) 67, 33-
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DYES

Structure Number of [n] (mol
Sulfonic dye/mol

groups protonated
amines)

Acid black1 T, ", ) 2 0.8-0.9

Acid violet5  yiw e o 2 0.5-0.6

S-ONa
O e}

ONa

o NaOU
Reactive Black x - e
§—©—N=N “S\\O
5 5 oS 4 0.2-0.3
HN— )
9 D ;
o 0_/_?') B o”s‘(’)(:la
\\S’

NaO 0
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EXAMPLES : Particulate
contaminants as polystyrene latexes

1.2

1
0.8

0.8 §

0.4

Resldual Absorbance

0.2

04 05 068 0.7 08 0.8 1 11 1.2 1.3 1.4 1.5 1.6
Ratio amine : sulphate groups

¢ : DA=14%; A : DA=33%; x : DA=57%

Ashmore and Hearn, Langmuir (2000) 16, 4906-4911
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EXAMPLES : Mineral suspensions

Bentonite suspension and chitosan (0.17 mg/L; DA/M)
(A:22%/230,700; B1:10.5/308,300; C1:5/182,300)

253
520 j‘ (a) OA
= ABI
?,15 A oCl
I N
=10 —i ABI
ER. | ®Ci
= 0. A A
Sk I S R
(“e8f 5 &
0
0 10 20 30 40 50 60
Settling Time {min)
Tap water
pH 5 (open symbols),

pH 7 (closed symbols)
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Demineralized water
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EXAMPLES : Mineral suspensions

Bentonite suspension and chitosan (DA = 10.5%) in tap water

50

. ,‘ | —m—Bi-pH5| | 308,300 g/mol
—e—B2-pli5| | 235,200 g/mol
—a&—B3-pH5| | 222,000 g/mol
——B4-pH5| | 155,000 g/mol
—+—B5-p115| | 94,300 g/mol
—e—B6-pis| | 80,100 g/mol

Turbidity (FTU)

¥ t L L] L

0.1 g.15 02
[Chitosan| (mg/L)
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COMPARING ADSORPTION and

COAGULATION-FLOCCULATION

Flocculation processes
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Chitosan interactions with RB5

o 0
o L+
)
? Reactive Black 5
=
| pH3 o 0-63 pm —
0 ReactiveBlack 5 | 63-125 ym
T T T T T T T Co: 100mg/L A 125-180 um
0 50 100 150 SD: 150 mg/L
Ceq (mg/L) pH3 A 180-250 ym
¢ 250-355 ym
Maximal sorption capacity = o [eBONMM
1100 mg dye.g! A 1
=> 7 mol of amino group for &

sorption of 1 mol of dye

. . Time (h)
Guibal et al., World J. Microbiol. Biotechnol. (2005) 21, 913-920
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Chitosan interactions with RB5

fw——-ﬁ‘
;: Reactive Black 5
< pH 3
<
&
_Co: 100
mg/l. A mg/L o mg/L
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0 10 20 30 40 50 60

Chitosan concentration (mg/L)
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Chitosan interactions with RB5

Chitosan quantity

Maximal sorption capacity = 1100 mg dye.g!
=>» 7 mol of amino group for sorption of 1 mol of dye

Dye Concentration | Chitosan concentration | [amine group

(for colour abatment) | mol]/[dye mol]

(mg.L1)
25 5
50 15
100 35
Kinetics
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Chitosan interactions with Hg(II)

Sorption
Coagulation-
Flocculation
600
e - A
=
§) 400 - A
. , = d ,
0 50 100 150 =
Ceq (mg/L) E 200 -
; J
0 i i i i T ] ¥
pH 5 0 01 02 03 04
Ceq (mmol Hg/L)

Guibal et al., World J. Microbiol. Biotechnol. (2005) 21, 913-920
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Interest of Coagulation-Flocculation
process

* Better (or similar) efficiency
* Kinetics of the process (tens of minutes
compared with few hours)

WHY?
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WHY?
* Dissolution of polymer leads to
destruction of crystallinity
* Breakage of hydrogen bonds

= BETTER ACCESSIBILITY of
AMINO GROUPS

m
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HOW APPLYING CHITOSAN?

HOLLOW FIBER

- -
ar e

MEMBRANE
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CONCLUSION and PROSPECTS

Interest in using chitosan
- Abundant and renewable sources
- Under solid or liquid form
- Environment-friendly thermal degradation

- Ability to be chemically or physically
modified, processed under different forms

But : - Material variability
- Cost
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CONCLUSION and PROSPECTS

Design of new materials
- specific sorbents
- support for atfinity chromatography
- heterogeneous (or supported) catalysis

- biosensors
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Coagulation-Flocculation
Jar-test Apparatus

Wastewater treatment using chitosan: Adsorption and Coagulation —
Flocculation processes

April 24, 2018




