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EFFECT OF CHROMATE CONVERSION COATINGS ON THE ADHESION
AND CORROSION RESISTANCE OF PAINTED 5083 ALUMINUM ALLOY
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The 5083 aluminum alloy surfaces were coated with chromate conversion coatings. Then
epoxy paints were applied on the chromate and non-chromate treatment surfaces. The ad-
hesion, hardness and corrosion resistance of the coated samples were evaluated using ad-
hesion tape test, pencil hardness test, salt spray and electrochemical technique. The results
indicated that the adhesion of the coating systems including chromate treatments was
better than that of non-chromate conversion coatings, whereas the hardness of the coating
systems was equal. Salt spray results showed that corrosion propagation from the scra-
tched area in the painted samples with chromate treatment was lower than that of non-
chromate coated surfaces. In addition, electrochemical corrosion measurements indicated
that the coating system including chromate treatment presented lower corrosion current
density, bigger polarization resistance and less negative corrosion potential than those of
the non-chromate conversion coated surfaces.
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Aluminum-magnesium alloys of the 5xxx series are commonly used in marine
applications where low density, favorable mechanical properties and relatively good
corrosion resistance are desired [1, 2]. The electrochemical behavior of Al and its
alloys has attracted the attention of many investigators. However, the natural oxide
film on aluminum alloys does not offer sufficient protection against aggressive anions
in seawater environment such as chloride ions leading to the formation of localized
corrosion on the aluminum surface [2, 3]. The protection by organic coatings is the
most dominant among the various surface-protection methods due to their perfor-
mance, commercial feasibility, and simple application [4]. However, the formation of
adhesive and lasting organic coatings on aluminum alloys depends on the surface pre-
treatment prior to painting. Chromate conversion coatings (CCCs) are highly effective
methods of aluminum alloys surface pretreatment for service in corrosive environments
[5, 6]. In spite of the toxicity, CCCs provide further advantages such as low cost, good
paint adhesion, and quick and easy application [7, 8]. Another important aspect of
CCCs is the dynamic repair of defects on coated metals, which is called self-healing
effect. Self-healing arises with a storage of soluble Cr(VI) species located in the outer
layer of mainly Cr(IIl) hydrated oxide/hydroxide coating. Upon contact with an elec-
trolyte, the labile Cr(VI) is released into solution and is transported to damage areas
where it is reduced and precipitated to form an insoluble Cr(III) hydroxide barrier [9,
10]. However, the main attractions for chromate conversion coatings in industrial
applications are paint adhesion improvement on Al alloys and self-healing effect in the
scratched area exposed to corrosive environments. The effect of chromate conversion
coating on the adhesion and corrosion resistance of 5083 aluminum alloy painted was
investigated in the present work.
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Experimental. The 5083 aluminum alloy specimens (20x10 c¢m) with composi-
tion 4...4.9% Mg, 0.4...1% Mn, 0.05...0.25% Cr, 0.4% Si, 0.4% Fe, 0.1% Cu, 0.25%
Zn, and 0.15% Ti were used as the substrate material for the current study. The spe-
cimens were degreased by wiping with a paper towel wetted with acetone, rinsed in
deionized water, alkaline pickled 30 s in NaOH (12.5 N) at 70°C, rinsed, acid pickled
60 s in 50% HNOj; at 30°C, rinsed, dried and stored in an inert grease-free atmosphere
for at least 24 h. Some of these specimens were chromate conversion coated and others
were the non-chromate coated.

For the chromate treatment, the specimen was immersed in the chromate bathe:
64 g/l H;POy, 10 g/l CrOs, 5 g/l NaF, pH 1.5, T'=30°C, for 2 min. After that, samples
were rinsed with de-ionized water and dried at room temperature.

After proper surface preparation, epoxy paints (epoxy primer HB, MIL-P-24441/1,
thickness 50 um and epoxy finish HB, MIL-P-24441/2, thickness 153 pm) were deposited
on the chromate (thickness 2 pm) and non-chromate treatment samples by a brush method.

The adhesion of coating systems
(before and after of salt spray test) was
measured according to the ASTM D3359
standard (Tape test). Hardness of coatings
was measured according to the ASTM
D3363 by using a pencil design (from 6B
to 6H). This method is one of the simplest
to measure the coatings hardness.

The salt spray test was conducted on
the coated specimens according to the
ASTM BI117 standard. For this test, the
coated specimens were scratched diago-
nally (Fig. 1) and exposed in the salt spray
fog chamber containing 5 wt.% sodium
chloride solution at 35°C for a period of 30 days. Five percent sodium chloride solution
was sprayed using a compressor with a pressure of 10...25 Psi. The observation of the
coated specimens was taken periodically. The purpose of this test was the corrosion
propagation measurement and the determination of coating blistering around the scra-
tched area on the painted samples.

Electrochemical corrosion measurements were carried out in a 3.5 wt.% sodium
chloride aqueous solution. A conventional three-electrode electrochemical cell was uti-
lized. In this cell, a SCE as the reference electrode, a platinum foil as the counter elec-
trode, and the 5083 aluminum alloy coated and non-coated surfaces (non-scratched)
were the working electrodes with the exposed area 1.0 cm®. The electrolyte solution
was not stirred or aerated. Tafel plots were generated by scanning the potential from
E.or to £250 mV. The scans were started at 250 mV vs SCE with a sweep rate of
5 mV/s. Corrosion current (/..,;) Was determined by superimposing a straight line along
the linear portion of cathodic or anodic curve and extrapolation it through E.,.

Results and discussion. Table 1 presents the results of adhesion tape test. By
comparing the results, it can be seen that adhesion of the paint of the chromating sur-
faces is better than that of the non-chromating. Thus, the role of the surface pretreat-
ment in the adhesion of coating on the aluminum alloy is determined. Aluminum has a
flat surface, thus it cannot adsorb and keep the paints. Application of the chromate con-
version coatings generate in the aluminum surfaces some micro voids which act as
capillary tubes and paint penetrates into these voids and traps. Therefore, chromate
conversion coating has capillaries and micro cavities, which provide mechanical inter-
locking. As a result, adhesion mechanism of paints in the presence of chromate conver-
sion coating could be explained by the mechanical locking phenomena.

Fig. 1. Scratched sample in salt spray chamber.

48



Table 1. Adhesion and hardness results of coating systems

Coatine svstem Total thickness, Adhesion Adhesion Hardness
£ 8y pm (before salt spray) | (after salt spray)
1-Chromate layer
Epoxy primer 202 5B 5B HB
Epoxy finish
2-Epoxy primer 200 3B 0B HB
Epoxy finish

The hardness of coating depends on the topcoat resin kinds. In two coating sys-
tems, topcoats were equal and therefore, two coating systems showed equal hardness.
The hardness of coatings does not depend on the surface pretreatment prior to painting.

The results of the salt spray test are shown in the Table 2. The most effective pro-
perties of organic coating systems were the resistance to penetration of corrosive agents
and corrosion propagation.

Table 2. Results of salt spray test

Exposure time, h
Coating system 120 | 240 | 360 | 480 | 600 | 720
Corrosion propagation, mm
1 0 0.03 0.07 0.12 0.16 0.2
2 0.15 0.33 0.68 0.97 1.27 1.5

According to salt spray results (Fig. 2) corrosion propagation (/..) from the scra-
tched area into the coating systems including chromate treatment was lower than that
of the non-chromate coating. The reason of this phenomenon can be attributed to the
self-healing effect of chromate treatment.

The hexavalent Cr particles in the chro- £

mate coatings dissolved due to arriving of -

moisture and these particles migrated to R 2

the scratched area and repaired the injury 1

[9, 10]. Then corrosion propagation re- g

duces or stops. Furthermore, in the non-

chromate treatment the blistering was 0.4 1 1

seen around the scratched area, which is 5 ’

mm in the diameter. This phenomenon ] /L‘—'
occurs due to weak adhesion of coating 0 o " '
and moisture, which easily penetrates 120 320 520 fexpr

under the coating and causes blistering.
Thus, chromating treatments have several
objectives for the painted surfaces: (1) to
act as a barrier layer providing corrosion

Fig. 2. Time dependence of corrosion propa-
gation from the scratch on the specimen with
chromate (/) and non-chromate (2) coating.

protection, and (2) to improve the adhesion between the organic coating and the metal
surface so that it avoids undercoat corrosion when it is applied before the organic
coating and (3) a self-healing effect.

Table 3 presents the results of electrochemical corrosion measurement. Applica-
tion of coatings on the 5083 aluminium alloy decreases the /.., value. The polarization
resistance shows maximum for the coatings including chromate treatment and declines
for the non-coated surfaces. These results indicate that the coatings including chromate
layer protect aluminium better than the non-chromate layer.
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Table 3. Results of potentiodynamic polarization measurements

Sample | Coating system | E.or, MV | Leor, uA/cm2 R,, Q Corrosion rate, mpy

5083 Al - -824 8.495 4.9 3.7

5083 Al 1 -758 1.849 62.2 0.81

5083 Al 2 ~760 5.123 16.25 2.23
CONCLUSION

The effect of chromate treatment on the adhesion and corrosion resistance of alu-
minium alloy painted was investigated. Adhesion test results indicated that paint adhe-
sion on the aluminium alloy was improved by chromating treatment. Salt spray test
showed that the samples with chromate treatment were more resistance to corrosion in
the painted surface, which is congruent to the electrochemical evaluation.

PE3IOME. [TocnimkeHo BIUIMB XpOMATHOI KOHBEPCIHHOT 00pOOKH alfOMiHIEBOTO CILIABY
5083 Ha anresito eNOKCUAHUX J1ako(apOOBUX IOKPUBIB Ta iX 3aXUCHI BIacTUBOCTI. BeTaHoBie-
HO, 10 aJire3is MOKPHUBIB MO MOBEPXHI CIIJIABY 3 XPOMAaTHUM KOHBEPCIHHUM IIApOM OlibIIa, HixK
3a Oe3xpoMaTHOI 00poOKH, a iX TBepAicTh B 000X BUIajIKaX opHakoBa. Koposis meramy min
TUIIBKOIO Oinist iedekTy nako(hapOOBOTO MOKPHUBY 32 YMOB MOIEPEIHBOIO XPOMATyBaHHS MPOTi-
Ka€ He TaK IHTCHCUBHO, SIK MicJis 0e3XxpoMaTHOI 00poOKu. 3pa3Ku CIIIaBy 31 CUCTEMOIO IIOKPUBY,
sIKa OXOIUTIOBajia XpOMaTHy 00pOoOKY, MaJId HMXKYi TYCTHHU CTPYMY KOpPO3ii, OUIbIINIA TOISIPH-
3alifHU Omip Ta MEHII HEraTUBHUI MOTEHLIAl KOPOo3ii, Hixk 0e3XpoMaTHO 00poOIIEHi.

PE3IOME. ViccnenoBano BIMsSHHE XPOMATHOM KOHBEPCHOHHON 00pPaOOTKH allOMHHME-
Boro cmaBa 5083 Ha aAre3nio AMOKCHIHBIX JAKOKPACOYHBIX MOKPHITHH M MX 3allIUTHBIE CBOM-
CTBa. YCTaHOBIICHO, YTO aAre3Hsl MOKPBHITHI MO MOBEPXHOCTH CIUIAaBa C XPOMATHBIM KOHBEPCH-
OHHBIM CJIOEM OOJIbIIIE, HEXKEIH Mociie 0e3XpOMaTHON 00pabOTKH, a X TBEPJOCTh B 00CHUX CITy-
yasx oguHakoBa. Koppo3us MeTasna Moj IICHKOH Bo3Je Ae(eKTa JIAKOKPACOYHOTO MOKPBITHS
IIOCJIe TIPEIBAPUTEILHOTO XPOMHUPOBAHMS NMPOTEKAeT HE TaK MHTEHCHUBHO, Kak IHociie 0e3Xpo-
MaTHOU 00paboTku. OOpa3ibl CIIaBa ¢ CUCTEMOW MOKPBITHS, KOTOPask OXBaThIBaja XPOMATHYIO
00paboTKy, UMENIM MEHBIIYIO IJIOTHOCTh TOKAa KOPPO3WH, OOJIbIlee TOISPU3ALMOHHOE COMPO-
TUBJICHUE U MEHEE HEraTHBHbII MOTEHIMAT KOPPO3HH, HEXEH 0e3XpoMaTHO 00paboTaHHEIE.
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