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Contexte Film Preparation

Fiber alignement

The impact of plastics on our environment requires a drastic reduction of their production and uses _ @ = in 1 direction
/ Electrospun & Bar-coated (ES-BC) samples \ PVA;ozncl:De\r/\Xatlon 4co = alternating directions
New bio-based and biodegradable materials should be developed, particularly in packaging industry, PLA pre-treatment _ X=8WtY% CNC concentration N t:’
. 0 . . . PVA coating 8 Electrospinning time (t)
which represents 36 % of the total worldwide plastic production. C treatment PVA/nanocellulose . . C=CNC 7-05 123 4h g 4co
orona treatmen electrospinning Multilayer architecture Y =0,2, 4,6 wt% T
Nanocelluloses, bio-based and biodegradable polysaccharides, are biodegradable, compostable and have @
impressive properties, suitable for food packaging. - Material:  Wood  cellulose  nanocrystals (CNC)
. . . : . (University of Maine), polylactic acid (PLA) (50 pm,
Main nanocelluloses drawbacks: their sensitivity to water, not adapted to food packaging application. \ 3 4 - / Goodfellow), polyvinyl alcohol (PVA) (Gohsenol type

N’ N’

AH-17, The Nippon Synthetic Chemical Co), chitosan
N\ (CS) (Sigma-Aldrich).

Multilayer architecture Methods: Bar coating and electrospinning (wd: 10cm,
flow rate: 1-1, mL/h, rotation speed: 1700 rpm, needle
speed: 0,146 m/s, voltage: 12-17 kV. Ultraviolet—visible

spectroscopy, scanning electron microscopy, oxygen

permeability, dynamics vapor sorption at 80% RH.

A second bio-based and biodegradable polymer should be combined with nanocelluloses = the poly(lactic
acid) (PLA).

PVA/nanocellulose coating

Different architectures combining nanocelluloses and PLA have been studied and better »
preservation of nanocelluloses properties was observed with a multilayer structure

u Chitosan coating
M
To improve the barrier properties, multilayer materials should include oriented CNC.

I In this work, electrospinning, was used to coat aligned nanofibers of CNC/poly(vinyl alcohol) (PVA) \ Bar-coated (BC) samples /

on PLA.
Multilayer film structure, water vapor and oxygen transport properties were investigated, to
evaluate the impact of CNC alignment.

Structure Barrier Properties

Water Vapor Sorption

%, PLA(CS) o Chitosan (CS), PVA and CNC are hydrophilic polymers.

100 -
| [N \%’%, Comparison between PLA and coating ratios shows the high
0o B oces A water vapor sensitivity of coating, even with nanometric
thicknesses.

__ The visual observation of the samples was able to I

ParisTedh AgroParis : confirm the presence of PVVA and PVA/CNC fibers on

< fanete soutenatfl Talents dune planéte sc hts dlune plane PLA, with the appearance of white fibers. After the =«
arisTedh AgroPa \ ' addition of a bar-coated layer of PVA, the color of the =

)
N
3

-
o

Moisture Content (g,ater/ 10094y, basis

néte soutenatfie Talents dune planéte soute 1 fiber mat changes to become transparent. This o8] omois S s
Before PVA coati ’ After PVA coati observation was confirmed with  UV-VIS 0al [2vecico @
efore coating B ‘ er coanng measurements. Sample transmittance after the bar- Ny The addition of CNC is able to reduce the total sample moisture
Aor TS= . ' i i . m tent. The comparison between thickness and moisture
AgroParisiech . ~h / coating of PVA increases drastically: by 70 to 80%. N _ con _ P T
T o g s el 4] ] méd%ropfﬂflenﬁt] o Relative Humidity (%) T s Moo Gron content ratios proves the additivity between the layers (PLA,
5= 2 ne plan elative Humidity (% )
O | | e CS, PVA/CNC) when 4 wt.% of CNC is added to 8 wt.% PVA.
2 AgroParisTech £ | AgroParisTec RO I S T = | O |
.| St muneie § - |09 _al’;td'uneplanétesoutenable A _ 01 The addition of CNC is able to restore the moisture content
: : PLA 86.6 £ 0.7 - . Aéteg thi additionof  obtained with PLA(CS) sample.
: | . = £ NC, '
A AgroParislech AgroParisiect; CNC, the mosture.
= Talents d'une planéete soutenable Talents d'une planéte soutenablg P8COt4 (before BC) 21+25 I & values without fibers
% . = 20-
2 AgrOParISTeCh AgrOPanSTe _ o I . The moisture content of samples with PVA fibers is largely influenced by
’ A { P8C0t4 (after BC) 72 + 29 u Thickness Moisture Content Thickness Moisture Content h s
Talents d'une planéte soutenable alents d'une planéte soutenatjle | the PVVA water sensitivity.
T | " . : The strong interactions between CNC and PVA reduce the number of free
| , AgroParisTech AgroParlsTeCh P8C4t4 (before BC) 0.6+0.3 | hydroxyl groups available for water molecules. Then, the addition of
(M ralents dune planéte soutenable alents d'une planéte soutenable X20.2.4.6 W5 L CNC drastically reduce PVA water sensibility. y
. 7 :I: % 0 wWt.% 0
§ , : . ,k, ; . 3 % G T h P8C4t4 (aﬁ:er BC) 827 11 [ ] P8 tl 1h g\:léllgctrgsgi/rﬁﬂng P8@t4 4h gfetle/ctr;si)\i;Aning
l R\ 2 AroparISTeCh : Agroparls eC % " m P8 tl(d ry) Dry measurements
' Talents d'une planéte soutenable Talents d'une planéte soutenable BC: bar-coating of PVA _
Lot Lk : P8CXt1(dry-humid) O P bilit
/ \ I P8 tl(ES) Samples prepared by electrospinning Xygen ermea I I y
The white color of fibers can be explained by their nanometric diameters: the high number of interface areas refractes the light?. " PBCXtL(BC) semoiespreprea by br-coning
During PVA bar-coating, the water from PVA solution swells the nanometrics fibers and fills the porosities (impregnation), creating a : 5 _ 81020
very homogeneous mat of PVA and PVA/CNC. The fibers disappear and the light is not refracted: PLA transparency is restored. Jry measurement Dry-humid measurement _  —Ppscxtt
K j I : N. at @oniwogen N\ ( EINanocelluoses 7%1020 - — P8Cxt4
2 .
0%RH E f"-6x10-20'
Before PVA coating After PVA coating R I | - : 63 '
PSCOt4 W VA DSty Pecotl ') (o P8COt4 O, at @ 5x10%0 -
bW AN \ \‘ SN ‘V' | / : 80% RH NE 1
1 ' A --E.. 4x10720 -
Increasing the time deposition of electrospun fibers (from 1h ci§3><1o-20-
to 4h), slightly increases the oxygen permeability. S 2x10_20_' —

Optimal oxygen permeability is obtained with 2 wt.% of CNC.

0

I ' 1 ' 1 ' I

0 2 4 6

— P8Cxt1(dry)
— P8Cxt1(dry-humid)

CNC concentration (%)

S H& e L Z R YR ey 8x102-
d) i1 Ng1// L1 e A 7x1020 - The dry-humid measurements confirm the water vapor sorption
Va4 i e es I g i 66”0_20_' results. The addition of CNC in PVA reduce PVA moisture
o . sensitivity. Increasing the CNC concentration reduces the
o 9%1077- difference between OP in dry and dry-humid. In high relative
€ 4x102° humidity (80% RH), the water molecules hardly affect the
= 3% 1020 oxygen barrier properties of PVA/CNC coated samples.
0 .
© 2x100-
1)(10'20‘- 1 1 .
- 1.0x10°
I 0 : : . . . : . [ P8Cxt1(ES)
0 2 4 6 ' I P8Cxt1(BC)
Polarized microscopy confirms the impact of PVA bar coating on the . . . . . CNC concentration (%) 8.0x10%°-
S : s " SEM images and their corresponding FFT images confirm the - ~
fibers: no fiber remaining after the PVA deposition (layer of 120 nm). ) : : ©
] P (lay ) orientation of the PVA and PVVA/CNC fibers. - _ o> ”
The average fiber diameter was calculated. Comparison between electrospun afid bar-coated samples L 6.0x10"
/~ What is the objective of coating oriented-electrospun fibers if the fibers are ) highlights two behaviors: £
not preserved? « Without CNC, electrospun samples have better oxygen £ 4.0x102°1
: : - barrier properties. o
1. Oriented-electrospun fibers = oriented CNC inside the fibers. AN averaV%Z:IfoeJndc;a;?gﬁ;?fotvnigrafu?g; 400 nm “ \ « With CNC, bar-coated samples have improved oxygen © 2 0x102° 4
2. Bar-coating is applied in th(_a fibel: direction, ‘Zo Induce a supplementary The fiber diameter’decreases with the aoidition of I barrier properties, compared to electrospun samples. '
\ QRIEnttion oRCNE J CNC and when CNC concentration increases®. 0.0-
n 0 2 4 6

CNC concentration (%)

Electrospun — Bar-coated samples

Conclusion
| o pecOw  Pecan  PacA4  Pecal  PeCke  Pacal . Good PVA & PVA/CNC fiber alignment

Fiber diameter (nm) 404.2+94.9 343.6+60.4  349.5+57 321.7 + 48.8 348 + 72.5 318.1+482  3375+59.2  339.1+£562 " = ’ A!Osence O_f defect
. * Micrometric layers

50+ 1.9 51.4+1.3 51.7+3.1 50.9+ 2.1 50.2+1.7 49.4+0.9 50.8+ 2.3 51.1+2 « CNC improved the water barrier properties of PVA fibers
 Excellent oxygen barrier properties in dry and humid
environment (80% RH)
518+29  537+4.1 545+ 5.1 52.1+ 2.6 48+ 2 54+ 4.7 51.3+ 2.6 51.7 + 2.7 « Multilayer films with PLA, CS, PVA/CNC fibers and PVA
layer are fitting food packaging requirements

~

The multilayer film oxygen permeabilities are
outstanding, reaching highly barrier food
packaging (EVOH-based food packaging (1021
m3.m/m?2.s.Pa) ).

The addition and increase in CNC concentration
reduce the effect of water molecules on PVA
Bar-coated samples highlight the effect of fiber
orientation on oxygen barrier properties.
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Note
je ne suis pas convaincue de l'explication, normallement un nanoobjet ne diffracte pas. N'est pas plutôt le résau avec ses cavités qui diffracte ?

domenek
Note
supprimer la derniere bout de phrase "even..." je pense que c'est mal tourné, on ne comprend pas trop

domenek
Note
c'est formulé un peu compliqué.
et je ne dirais pas "drastically" parce que in fine, il n'y a pas un très grand effet

domenek
Note
expliquer à quoi correspond ce ratio

domenek
Note
pourquoi tu changes la forme du graph ici ?

domenek
Note
je ne comprends pas trop




