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Abstract

Bio-based coatings were obtained by the layerfgda(LbL) technique from a native
chtosan (N, 0 30,000 g mof) or fromtwo synthesized phosphorylated chiosadifber ent
mol ecular weights (M0 30,000 g mof-and M, 0 250,000 g mof) combined wih alginate
and used for corrosion protection of an aluminulmya{AA) 3003. First,the LbL growth was
montored by Fourier transform infrared spectrogcoip siicon wafers. Cross-sections of Si
wafers were examined by scanning electron micrgsetipwing the fims thickness to be
measured. With the native chtosan and in the paesef 10 biayers,the LbL thickness was
about 200 nm, whereas it was about 300 nm wih pihesphorylated chtosan of low
molecular weight and about 500 nm with the phosyglabed chtosan of high molecular
weight. Then, the bio-based coatings were depositethe AA3003 by the LbL technique
and ther protective properties were evaluated llegteochemical impedance spectroscopy
(EIS) during immersion ina 0.1 M MaQ, solution. t was shown that thethree LbL coatings
improved the corrosion resistance of the AA3003e Thsistance values, extracted at low
frequency on the impedance diagrams wer e attr iliat Hale r esistance of the aluminum oxide
layer Rox). The Rox values were at least two orders of magntude hidgbethe coated
sampes (19Q cnf) compared to the uncoated one (8 @cnt). There was no significant
difference between the different LbL coatings, whioainly acted by decreasing the active

surface area and have a limited barrier effect.
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1. Introduction

The Layer-by-Layer (LbL) deposition represents mmovative and interesting alternative for
the development of coatings for several applicatisuch as flame retardants[1,2],
electrochromic[3] applications, medical and bidaggtions[4,5] but also nano-
engineering[6,7]. The LbL technique is attractivainmly due to an easy integration of
functional materials, treatment under ambient domué (room temperature and atmospheric
pressure) and ecological characteristics (solvenimainly water and concentrations of
solutions/dispersions are less than 1 wt. %). tbatings are elaborated on a substrate by the
sequential adsorption of chemical species baseohenor more functional interactions. The
most common interaction is provided by the eletatis attraction[8,9]; indeed, the
alternative adsorption of opposites charged potysdéytes allows the accumulation of
structured laminated or strongly interpenetrated atiogs[10]. Among available
polyelectrolytes, polysaccharides can be rathedgmndidates to perform fully bio-based
LbL systems, due to their low toxicity, biodegratlifdpand natural availability[11]. Chitosan
is the second most abundant bio-based polysacehandhe earth, after cellulose, and is the
major component in crustaceans, exoskeletons, fongnsects[12]. Chitosan is a linear
copolymer of glucosamine and N-acetyl-glucosamiobtained from chitin by alkaline
deacetylation[13] or from enzymatic pathway[14].idt biocompatible[15], non-toxic[16],
antibacterial[17] and can be used to form films]B§, Alginate is a linear polysaccharide
formed from two monomers in different proportionsubd in -(1-4): mannuronate and
guluronate[20]. Alginate-chitosan system has alydaekn used for various applications such
as, membrane manufacturing[21], biomedical[22] dnd)y delivery[23]. Lawrie et al. studied
the interactions between alginate and chitosarmgusiiR and XPS analyses[24]. The interest
to prepare LbL coatings for corrosion protectiompmse is to build a physical barrier with

strong interactions between each layer, thus ptengthe penetration of aggressive species



through the coating towards the metal substrateodroknowledge, only Gao et al. reported
the use of chitosan and alginate as component foblacoating for the protection of a
magnesium implant in a biological fluid[22]. In thestudy, the coating was elaborated by
spin-coating including forty cycles, each contagnhfour layers: the first layer was the anionic
alginate (ALG), the second one was the cationiclrapo-growth factor MGF (i.e. a cationic
polypeptide polymer), the third one was again therac ALG and the fourth one was the
cationic chitosan. The resulting multi-layer cogtiwas 18um thick. The authors found that
the corrosion rate of the coated Mg alloy was s$hgldecreased by comparison with the
uncoated sample, despite the substantial LbL cp#hickness.

Phosphonic acid-containing polymers have numeraisnpial applications as they exhibit
attractive properties in term of adhesion[25] arela interest in corrosion inhibition[26,27].
Furthermore, the phosphorous-containing moleculespalymers can act as adhesion
promoters for different substrates such as alumjrzint and steel[28,29]. In our previous
work, it was shown that the use of chitosan beaphgsphonic acid groups decreased the
corrosion rate of a carbon steel by comparison wétive chitosan[30]. Some LbL systems,
based on phosphorylated chitosan have already peblished, aiming at providing new
protective coatings for fireproof applications[31JJo our knowledge, no alginate-
phosphorylated chitosan system was so far develtdpedgh the LbL technique in order to
develop protective coatings.

In the present work, elaboration and characteomadf LbL coatings from alginate and native
or phosphorylated chitosan of two different molecwleights (30,000 g mdlnd 250,000 g
mol™®) were first investigated on Si wafers, commonlgdigs model surfaces for the LbL
characterization, in particular to follow the Lblrogvth. In this study, the LbL growth was
monitored by Fourier transform infrared (FTIR) sjpescopy and the films thickness was

determined by scanning electron microscopy (SEMEnI the LbL coatings were deposited



on aluminum (AA3003) plates and characterized legtebchemical impedance spectroscopy
(EIS). The impedance of the coated samples wasureghas a function of the exposure time

to a 0.1 M NaSQOy, solution.
2. Experimental

2.1. Materials

Native chitosan, high molecular weight (M 250,000 g mat, degree of deacetylation: 92 %,
henceforth called Nchitosan250) and medium moleauéght (M, =~ 30,000 g met, degree
of deacetylation: 92 %, henceforth called Nchit@Bnwvere purchased from Glentham Life
Sciences society. Phosphorylated chitosan fromthisetin30 (henceforth called Pchitosan30)
and from Nchitosan250 (henceforth called PchitoSh&vere synthesized according to our
previous study[30]. Sodium alginate (from brown a@g M, = 140,000 g.mdl) was
purchased from Aldrich. Acetic acid (> 99.7 %, Adily was used as received. Deionized
water was obtained from a Millipore Milli-Q purifition system. The LbL coatings were
deposited onto an aluminum alloy 3003 (AA3003). dteemical composition in weight
percent was: Cu = 0.05; Fe = 0.7; Mn = 1.5; Si & @n = 0.1 and Al to balance. The
specimens consisted of 127 mm x 76 mm x 0.8 mneglgturchased from Labomat. Before
the deposition of the LbL coatings, the AA3003 skwpwvere successively cleaned with

acetone and ethanol and dried for 10 min at 80°C.

2.2. LbL assembly

The procedure for obtaining the LbL fims was indegent of the substrates (Si wafer and
AA3003). The negatively charged solution was pregawth sodiumalginate (1 wt. %, pH =

5), whiethe postively charged solution was predarom ether Nchiosan30, Pchiosan30
or Pchtosan250 (1 wt. %). Increasing the concentraf chtosan in solution should reduce

the time per depostion step but, in the presentkwooncentration higher than 1 wt. %



increased the viscosty of the solution, partidyldior the Nchtosan[32]. The different
chtosans were dissolved in deionised water angtheas adjustedto 5 by addtion of ether
acetic acid for the Nchitosan or NaOH for the Ratdn. Both substrates (Si wafer and
AA3003) werefirst dipped in a 0.1 wt. % BPEI (Branched PolyEthylenabh solution,
leading to cationic charges onto their surfaces[3Ble layers were then deposted by
alternating immersion of the sampe during 1 minthe solution containing the anionic
polymer (alginate) and then, during 1 min in théuson containing the cationic polymer.
After each immersion step, the samp e was washdddeionised water and dried with warm
ar. Upto 10 layers (BL) were deposted. Only Noean30 was used to developthe LbL
coating because the Nchitosan250 was too viscames @ |ow concentration)to enable LbL
assembly. Thus, only three LbL systems were ingatd: alginate/Nchtosan30,

alginate/Pchtosan30and alginate/Pchtosan250.

2.3. Analytical characterizations

Zeta potentials (ZP) were measured for 2 Y df Nchitosan30 and Pchitosan30 using a
Zetasizer 2000 system (Malvern Instruments LtD)e H of the Nchitosan solution was
adjusted at pH = 2 by adding acetic acid solutbbiMj. The increase of pH was controlled by
addition of NaOH (1 M). The applied voltage for wing electrodes of the capillary
electrophoresis cell was 10 V. The Zetasizer 2@0nas rinsed with deionized water before
each experiment. All experiments were conducte&2baiC.

Coating growth was monitored using a Frontier ReBdmer FTIR spectrophotometer (16
scans and 4 cihresolution) equipped with a Ge/Ge crystal (defithemetration 0.65 pm).
Cross-sections of the deposited coatings on Sirwaiere imaged using a field-emission
scanning electron microscope (FE-SEM, Zeiss MetBA8). Prior to FE-SEM observations

Si cross-sections were chromium coated. A FEI Qud®0 scanning electron microscope



(SEM) was used for the surface characterizatiothefAA3003. Semi-quantitative analysis
was performed by energy dispersive X-ray spectmmgd@&DX) with a Ge detector (EDS
Bruker Quantax SDD). EDX analyses were performest different locations on the AA3003

surface before and after exposure to theSa solution.

2.4. Electrochemical characterizations

Electrochemical impedance measurements were pextbima classical three-electrode cell
in which the coated LbL sample served as workiregtebde. A cylindrical glass tube was
clamped onto the coated AA3003 plate, exposingfase area of 14.9 chand filled with 60
mL of a 0.1 M NaSQO, solution. A platinum electrode with a large sugarea and a mercury
sulfate electrode (MSE) in a saturated potassiulfatsusolution withEysg = 0.64 V/SHE
were used as counter and reference electrodegctasgly. They were placed on the top of
the glass tube by means of an electrode holder.impedance diagrams were obtained for
various immersion times (from 1 h to 48 h) to th&30, solution. It is generally accepted
that SQ* are less aggressive thar.@h the present study, a less aggressive eletéralgs
chosen to minimize the corrosion of the AA3003 $uts, thus allowing the LbL films to be
compared according to their composition and thiskne

Electrochemical impedance measurements were cauedsing a Biologic VSP apparatus.
The diagrams were obtained under potentiostatiditons, at the open circuit potential, over
a frequency range of 65 kHz to 10 mHz with 8 popes decade, using a 30 mV peak-to-peak
sinusoidal voltage perturbation. The experimentsevperformed at room temperature (22 + 3
°C). The linearity of the system was checked byiar the signal amplitude. 30 mV was a

good compromise to obtain the impedance diagrartiowt any dispersion.

3. Results and discussion



3.1. Determination of phosphorylated chitosan glatearge vs pH

In our previous study, native chitosan, high molecular weight{M 250,000 g mét, called
Nchitosan250) and medium molecular weight,(M 30,000 g mét, called Nchitosan30)
were modified by grafting phosphonic acid functi@mto primary amines. About 20% of the
primary amines were modified for each chitosarthi present study, high and medium Mw
phosphorylated chitosan (Pchitosan250 and Pchid@sarspectively) were used to build the
LbL coatings. According to the pH value, phosphamiad moieties can be anionic whereas
amine groups can be cationic. Thus, due to theapamafting of phosphonic moieties onto
amine functions, the global charge of the functized chitosan must be evaluated. Zeta
potential (ZP) measurements of the Nchitosan ardté3an solutions were performed to
determine the global charge of the polymers. The vARies of the Nchitosan30 and

Pchitosan30, obtained at different pH values ragjgiom 2 to 10, are reported in Fig. 1.
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Figure 1. ZP of Nchitosan30 and Pchitosan30 as a functigtof



For the Nchitosan30, it can be seen that the ZRegahre always positive in the pH range
from 2 to 6.5, confirming that it is a cationic poler. The ionic charge of the polymer is due
to the amine protonation for pH values lower thas[34]. For pH > 6.5, the Nchitosan is no
longer soluble and precipitates in the solution.

In the case of Pchitosan30, the ZP values areip®ddr pH < 6 and negative for pH > 6.
Unlike Nchitosan30, Pchitosan30 remains solubler abe entire pH range due to the
presence of phosphonic acid functions. At pH < &it®esan30 is a polymer with a global
cationic behavior because most of the amine funstare protonated (Fig. 2), like Nchitosan.
For Pchitosan30, about 20-25% of the amine funsticarry a bisphosphonic acid moieties.
At pH = 5, only one P-OH group is deprotonated daorf P-O- (pKa = 2.6 and pKa=
6.7[35]), which thus decreases the ZP (ZP = 20\2 as compared to Nchitosan (ZP = 39 £
2 mV) but still remains positive. For pH > 6, Pdsian is anionic. It is to be noted that
Pchitosan250 solution showed a similar cationicaber than that of the Pchitosan30 (not
shown here). In the present study, the pH of theitsan and Pchitosan solutions was fixed
at 5 to ensure a cationic behavior for both sohgjoeven for the alginate solution since
carboxylic acid groups are deprotonated at this(pikh = 3.5[36]). Moreover, the same pH
value was used for all the solutions to avoid modifon of the AA3003 surface during the

formation of the LbL coatings[37].

Ol OH
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O | | o0 0 _
~ R HO
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Figure 2. Structure of statistical Pchtosan30at pH = Hitaming 8 % of acetylated

moiet ies, 68-73 % of amine moieties and 20-25 %@roiho-bisphonic acid moiet ies.



3.2. Development of the LbL coatings on siliconensaf

Three LbL systems were investigated: alginate/Nshin30, alginate/Pchitosan30 and

alginate/Pchitosan250. FTIR spectrum was recordedeéch bilayer and for each system. Fig. 3
shows, as an example, the evolution of absorbaorcthé alginate/Pchitosan30 system, according to

the bilayers number up to10 bilayers.
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Figure 3. FTIR spectra as a function of the bilayers (BLjntner for the alginate/Pchitosan30

system.

From Fig. 3, it is possible to depict vibrations kmith alginate and Pchitosan 30. For the
alginate, the vibrations of the CO€arboxylate group[24] are clearly visible: asynmuoet
elongation at 1594 cthand symmetrical elongation at 1408 tmespectively. For the
Pchiosan30, the two vibrations at 1656 and 1589 ane attriouted to amide | and to N-H
bending[38] of NH, respectively. The main phosphonate band is abseroed at 1190 ¢

due to the elongation of the P=0O double bond[38F Tresence of this peak is due to the
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partial hydrolysis of phosphonic esters to phospghamcids during the synthesis of
Pchtosan30. FFom Fig. 3, the absorbance at 1090 ¢ire. maximum wavelength
corresponding to C-O-C bonds for both the algisateéthe chtosan) was used to follow the
fim growth. The absorbance was potted as a foncoif the biayers number for the three
LbL systems (Fig. 4). Alinear increase of the abaace is observed for the three systems.
For 10 biayers,the absorbance recorded for tmatle/Pchtosan250 coating is the highest.
The absorbance for the alginate/Pchtosan30 is htsyig higher than that of
alginate/Nchtosan30. FFomthis result, t can bectuded that the phosphorylation of natve

chtosan slightly increased the amount of deposidasan.

010 I " I : I > I : I ! I ' I ’ I : I ! I ' I
--—-#-- Alginate - Nchitosan30
-—@- Alginate - Pchitosan30 A
< 008 - -—&-- Alginate - Pchitosan250 A 7
5
o A
S 0.06 - 7
T A&
o)
8 .
@ 0.04 e |
£ A e
o] -
@ N e
< 002} e .
- e e
.-y . T
..... -
cools #® °© -
| 1 1 L | | 1 | | | | | |

0 1 2 3 14 5 B 7 8 9 10
Bilayers number

Figure 4. Absorbance at 1090 chas a function of the number of biayers for thesehLbL

systems.

FE-SEM cross-section observations of the waferdsaih fi ms were perfor med for the three
LbL coatings (Fig. 5). The micrographs show thatttiree coatings have a unifor mthickness.

The alginate/Nchtosan30 and the alginate/Pchit83dtBL coatings have relatvely simiar

11



thickness values, i.e. 200 nmand 300 nm, resmtgtiA higher thickness was measured for

the alginate-Pchitosan 250 coating, around 500 nmood agreement withthe FTIR results.

10 BL coating = 200 nm

Silicon wafer

200_nm a)

)

Silicon wafer

200 nm (c)
10 BL coating = 500 nm

e —g gy —
)

Silicon wafer

Figure 5. FE-SEM micrographs of the cross-sections of Sena€oated with 10 biayersfor:
(@)alginate/Nchtosan30, (b) alginate/Pchitosaar80 (c) alginate/Pchitosan 250.

Thus, it can be concluded that the use of phosphi@y chtosan wih a high molecular

weight led to a higher thickness for the LbL coginAt pH = 5, Nchtosan30 is a cationic

12



polymer, which wil show linear conformation whessambled wih the anionic alginate
layer. On the other way, we showed that at pH Bchitosan30 was zwiterionic (i.e. wih
maximum 20-25% of anionic charge and maximum 68-88%ationic charge), which might
lead to some coi forms due to intramolecular iateions between cationic and anionic
charges. Consequently, when associted to the iarabginate layer, a higher amount of
Pchtosan30 was deposted compared to Nchtosawd®over ,an increase of chtosan Mw,
i.e.from 30to 250 kg md, has an influence on the LbL growth. The thickgrafithe layer
for Pchtosan250 can be expained by a greatemghgement of the polymer chains. As a
consequence, a higher amount of Pchtosan250 waostled, as compared to Nchtosan or

Pchitosan30.

3.3. Evaluation of corrosion protection of the AB3(y the LbL coatings

EIS measurements were performed for the AA3003 tbated samples as well as for the
uncoated AA3003 sample. For each system, the inmpedaliagrams were obtained
consecutively for various immersion times (3 h,H1224 h and 48 h) in a 0.1 M p&O,
solution. As an example, Fig. 6 shows the impedahagrams obtained for the AA3003
coated with alginate/Nchitosan30 (10 BL). Indepmity of the immersion time, the
diagrams are almost identical. They show a capactiehavior and it can be observed that
the impedance modulus and the phase angle sligleityease at low frequency when the

immersion time increases (more noticeable on tles@langle).
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Figure 6. Electrochemical impedance diagrams obtainde.gtfor the AA3003 coated with
the alginate-Nchitosan30 (10 bilayers) for diffdrenmersion times in 0.1 M N&Oy
solution in Bode (impedance modulus (a) and phagkedb)) and Nyquist (c) coordinate.
Then, for comparison, the impedance diagrams oddaafter 48 h of immersion for the three
LBL coatings and for the uncoated sample are pteden Fig. 7.
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Figure 7. Electrochemical impedance diagrams obtaindetgtafter 48 h of immersion in
0.1 M N&SQ;, solution for the uncoated AA3003 and the three tbatings (10 BL) in Bode

(impedance modulus (a) and phase angle (b)) andibly@) coordinates.
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The diagrams for the three LbL coatings are quimparable indicating simiar corrosion
protection performance for the different systemstain be underlined that the open crcut
potential (OCP)for the different LbL systems ddmason the AA3003 wasrelatively simiar
(-0.90 £ 0.5 V/IMSE) in agreement wih the impedanesilts. The OCP was slightly shitted
towards more negat ive value by comparison wi hutrepated AA3003 sample (OCP =-0.85
+ 0.2 VIMSE).
Despite the presence of the LbL fims, visual izedtbe Si wafers (Fig. 5), the impedance
diagrams are constiuted by a single time const@ine. presence of an addtional time
constant in the high frequency range, charactg &ihl m effect is not observed, as might be
expected and as already observed for very thinmcgams (20 nm) for med on a carbon steel
surface[40]. The impedance response of the Lbltiogs pointed out that the barrier
properties were low, probably due to a porous strecof the coatings. Thus, wih and
wihout the LbL coatings, the impedance diagranaratterize the aluminum oxide fim on
the AA3003 surface. As can be seen in Fig. 6 agd Fithe phase angle is always lower than
-90° (maximum value around -87°) which indicatesam-ideal behavior of the AA3003 /
LbL coating interface. From the impedance diagrasosje parameters can be extracted: the
oxide film resistanceR,y) and a constant phase elemedPFE), which accounts for the non-
ideal behavior of the interface. The impedancénefaPEis given by Eq. 1:

Zcpg = ; Ea- (@)

Jw)*Q

With o = 2af and wheren is related to the angle of rotation of a purelpastive line on the
complex plane plots ar@ is a constant expressedancm?s”.
In the present work, equivalent electrical circuitere not used to extract impedance

parameters because all the parameters can be calphdetermined [41]. Th& values
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were obtained from the extrapolation at low frequyeaf the impedance modulus (when the
phase angle decreases towards 0). &hparameter can be determined by plotting the
logarithm of the imaginary part of the impedanZg (vith respect to the logarithm of the

frequency (Eq. 2)Q is expressed as a functioneofind impedance data (Eq. 3):

_ diog(-2) Eq. (2)
dlog ()
_ (o -1 Eg. (3)
2 =sn(3) 755G

The @ and Q values are reported in Table 1 for the differepstems and for various

immer sion times.

Table 1. Parameters obtained from the impedance data fartbeated AA3003 and the
three LbL coatings (10 BL) after different expostinees to 0.1 M Nzg50O, solution.

Immersion time a Q
Sample (h)
MQ* cm? &

3 0.94 3.2 £0.1

12 0.94 3.6 £0.2

Uncoated AA3003 >4 004 12 102
48 0.94 43 +0.2

3 0.94 42 +0.2

AA3003/Alginate- 12 0.94 43 +0.2
Nchitosan30 24 0.94 43 0.1
48 0.94 45 +0.1

3 0.93 3.7 £0.1

AA3003/Alginate- 12 0.94 43 +0.1
Pchitosan30 24 0.93 45 0.1
48 0.94 48 +0.2

3 0.94 3.7 £0.1

AA3003/Alginate- 12 0.94 39 £0.1
Pchitosan250 24 0.94 4.0 £0.1
48 0.94 42 +0.1

16



The variation ofR,xas a function of the exposure time to the3@&, solution is shown in Fig.

8.
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Figure 8. Ryxas a function of the immersion time in 0.1 M,S&, solution for the uncoated

AA3003 and for thethree LbL coatings (10 BL).

For the uncoated AA3003, th,x values decreases wih increasing immersion tinas T
might be attributed to the corrosion process whintiuces a local pH increase on the
aluminum surface due tothe cathodic reaction (erygeduction)[42]. As a consequence,the
native aluminum oxide tends to dissolve (chemiogdction) when the immersion time
increases. This assumption is in agreement wihveln@tion of Q vsthe immersion time
(Table 1). TheQ value, related to the oxide film capacitance, @ases with time indicating a
decrease of the oxide film thickness.

For the three LbL coating®ox sl ightly decreases during the frst hours of exipego the
electrolyte and then remains constant. After 48 immner sion, theR,x values are simiar for

thethree systems and they are at |east two ooflenagnitude higher for the coated sampes
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(10° Q cnf) by comparison wih the uncoated samp e BQ@nt), suggesting a decrease of
the active surface area by the coatings, sinceetligerno modification of thexr and Q
parameters. This last result indicates that theosamn phosphorylation did not improve the
corrosion protection of the AA3003 by comparisobhvwhe native chitosan although the LbL
coatings thickness was higher, in particular foe giginate-Pchtosan250, as observed by
SEM onthe Siwafers (Fig. 5).

SEM-EDX analysis was performed wih a low energy k&V) to compare the layer
compostion before (Fig. 9a and 9a’) and after 48 lmmer sion in the Ne5O, solution (Fig.

9b and 9b’). The analysis was showed her e for lidneae-Pchtosan250 LbL coating.

c @)

Intensity (a.u.)

J N p

0.5 1.0 1.5 20 25
Energy (keV)

C (b)

Al

Intensity (a.u.)
o

Na

0.5 1.0 1.5 20 25
Energy (keV)

Figure 9. EDX analysis and SEM observations for the algiithitosan250 LbL coating: (a)
and (a’) before immersion and (b) and (b’) aftetd® immersion in the N&O; 0.1 M

solution.
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Before immersion (Fig. 9a and 9a’), the analysieaks the presence of C, N, O and P peaks
confrming the presence of the alginate and tha &sdin on the AA3003 surface. k is worthy
to note that the Al peak is not detected, whichhiigdicate the presence of a uniform LbL
coating, as shown by the SEM observations on thea8rs (Fig. 5). After immersion in the
Na,SO, solution (Fig. 9b and 9b’),the C, N, O and P eate stil visible, showing that the
LbL coating is always present on the AA3003 surfadter immer sion, Al is detected which
suggests that the LbL coating was damaged dur egrimer sion. In addition,the Na and S
peaks are observed, indicating the presence ofisoslilfate (fromthe electrolyte) in the LbL
coating. The EDX analyses confr med that a LBL ewptvas for med on the AA3003 surface
but the barrier effect waslimited (penetrationttd el ectrolyte and presence of the Al peak).
EIS data and EDX analysis revealed that chitosgimate LBL coatings allowed the AA3003
surface to be protected through a barrier effetiicivdecreased the active surface area in
contact with the electrolyte. Nevertheless, duergosure to the N8Oy, solution, the barrier
effect was limited, as shown from the impedanceltgsdespite the presence of the coating,
as proved by the EDX analysis. The limited barefect could be attributed to a swelling of
the LBL coating, and to a partial solubility of tiNchitosan and Pchitosan in the aqueous
solution.

Further more, the phosphonic acid moieties graftetb ahitosan allowed higher coating
thicknesses to be reached compared to native anit{&g. 5), but simiar electrochemical
behaviors were observed (Fig. 8 and Table 1). Canetw improve the barrier properties of
such coatings might be to perform an addtionaksiaking, after the LbL depostion. Or,
the biayer should be more hydrophobic. In thisegattosan chemical modification should

be done prior to performthe LbL depostion.

4. Conclusions
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Layer-by-Layer coatings comprising alginate anchezit unmodified or phosphorylated
chitosan at different molecular weights were evi@dafor their potential to reduce the
corrosion of an aluminum alloy 3003. First, the wreg rate of the LbL coatings was
determined on Si wafers by measuring the IR absubaccording to the bilayers number.
The system containing phosphorylated chitosan apde® grow faster than that with the
unmodified chitosan. FE-SEM observations reveateting thicknesses between 200 nm and
500 nm according to the type of chitosan. It wastbthat the use of phosphorylated chitosan
at 1 wt. % and high molecular weight (250,000 g Hgromoted the deposition of thicker
coatings. The corrosion protection of the AA3003swassessed by electrochemical
impedance spectroscopy in a;8@y 0.1 M solution. It was shown that the three Lbktsyns
afforded similar corrosion protection by reducihg &ctive surface area by comparison with
the uncoated sample. Even if the EDX analysis baircned the presence of the coating on

the metal surface, the EIS measurements revediedted barrier effect.
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