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Introduction Results

Aluminum is a widely used metal in common materials such as soda cans, tire rims, roofing and, of course, aluminum foil. It is used often because it is a light,
ductile metal; however, like other metals such as iron, it is susceptible to corrosion. Thus, it is important to understand the conditions which promote or Experimental Set-up and Visible Corrosion SEM-EDS of 2.0 min CUCIZ (aq) Sample
deter corrosion and, eventually, develop an environmentally safe coating which prevents corrosion of aluminum. | - = =

The rate of the reaction is determined by the other species in the environment. Wei, Lee, and Chen discovered that the spectator ions, ions other
than the species participating in the redox reaction, can have a substantial effect on the rate of a reaction, specifically, between a copper(ll) salt and
aluminum. The trio developed a mechanism which described how corrosion takes place in such a system.

It has been known for some time that aluminum has a natural defense against corrosion; upon contact with air, aluminum is oxidized to form a layer
of aluminum oxide (Al,O; ) on the surface. This oxide layer is aluminum’s protection from corrosion; therefore, the removal of the oxide layer is both the first
step and the rate determining step in aluminum corrosion. Wei, Lee, and Chen devised the following mechanism for aluminum corrosion in copper(ll) salts:
(1) destroy Al,O, layer, (2) Cu?* diffuses to Al surface, (3) Cu?* adsorption, (4) Redox reaction between Al° and Cu?*, and (5) desorption and release of Al**.
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Using this mechanism, Wei, Lee, and Chen determined a rate law for such a reaction. In the rate law, K is the rate constant, A is the area, V is the volume of Above Left: SEM of corrosion site at 20 KeV
solution, tis time, t, 4 is the induction time which describes how long it takes to remove the oxide layer. The simplified rate law can exist in two forms: an Middle: AI/CI EDS showing CI concentration.

exponential equation and a linear equation as depicted below.* «— Induction Period Above Left: One drop of 0.10 M CuCl,(aq) on Al foil photographed at mar ’ f ion. Ab Right:
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A: SEM of a corrosion hole at 20 KeV.
B — E: EDS for elements Al, O, Cl and
Cu, respectively. Co-location of O and
Cl is evident in the lower left
qguadrant, lending credence to the
idea that Cl- interacts with the

In past research (this group — see table below, and others), copper(ll) halides have shown to have a profound effect on the corrosion of aluminum. In fact,
corrosion with copper(ll) sulfate is about fifty times slower than with copper(ll) chloride. Furthermore, addition of dilute concentrations of NaCl to the
reaction of copper(ll) sulfate and aluminum shows a dramatic increase in the rate of the reaction. This aspect of the on-going research project highlights
efforts to elucidate the interaction of halides with the surface of aluminum during aluminum corrosion, using the copper-aluminum reaction as a model.

14

Periodic correlations in 0 o o
lerati feacts h T Periodic Table of the Elements  :» s 58 s surface Al,0; layer. Cu deposition is
acce er-a lon e ec' S ?VG - E.:f:. u:E:u u:g:u u:Er:u u:g:u 2l s minimal since this is a hole through
been dISCOVGI‘Efj in this 3 Nl MEE 3B 4B 5B 6B 7B 8B OB B 1B 1B 44 o P a - 4.7 X 10'4 7.9 min D E the Al foil.
research; bromide causes a Gl 3 m M ®m ® an a0 : :
4K Ca S5c Th V Cr IMn Fe Co i Cu Zn Ga Ge As | Se 0.15 1.4 min

similar acceleration in

i i 5B Sy Y O AZr Mb Mo Toc Euw Eh Pd Ag COd In 5n 5b Te
aluminum corrosion.

B Y B o e e o B e 2 (1 6, B 0.11 1.9 min Surface Studies Using Brookhaven NSLS X-Ray Fluorescence X-26A

7Fr Ra Lr Bf Db Sg Bh Hs Mt Uun Uuwu Uub Uut Tug Tup Tuh Tus Tuo (from Ref. 3)

Experimental

05

0.4

Solutions of copper(ll) bromide and copper(ll) chloride were made at a concentration of 0.10 M. The samples were prepared by exposing a known area on
the aluminum foil to copper(ll) bromide for a known amount of time. After the allotted time, the foil was rinsed five times with 1 mL aliquots of Nanopure
water and left to dry. Samples treated with copper(ll) chloride were examined via Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy
(SEM-EDS) by FEI Co. on a Quanta x50. Samples treated with copper(ll) bromide were examined for X-ray fluorescence (XRF) at Brookhaven NSLS beamline
X-26A, which is suitable for detecting elements heavier than argon. Samples were mounted on XRF tape, centered using light microscopy, then flyscans of
areas of interest at either copper X-ray edge or bromine X-ray edge energies were completed.

Conclusion

All of the copper(ll) halides were investigated; however, due to solubility and stability issues, only the chloride and bromide species could be studied. 990 9% 5400 5006 5410  SAB 540 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Copper(ll) fluoride aqueous solutions spontaneously precipitate a mixed hydroxide-fluoride, and copper(ll) iodide aqueous solutions are unstable with 1A o 1B X Distance (mm) 1C X Distance (mm)
respect to redox disproportionation to copper(l) iodide and iodine.

Both XRF and SEM-EDS scans demonstrate the concentration of halides at the margins of corrosion sites. This may be due to the interaction of halide ions
with surface aluminum oxide, thus weakening the adherence and coherence of the oxide layer. This would expose aluminum metal to the solution, which

would lead to the redox reaction, thus corrosion.
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Figure 1: Aluminum treated with 0.1 M CuBr, for 1.5 minutes. 1A: A visible image of aluminum foil which shows well defined corrosion pits and
developing corrosion pits. 1B: XRF image depicting bromide incorporation into the aluminum surface. 1C: XRF image depicting copper incorporation into
the aluminum surface. One striking observation can be found in the red circles. Figure 1B shows intense bromide adsorption and, in the same position, in
Figure 1C there is no evidence of copper incorporation, indicative of bromide incorporation before copper deposition.
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Science, in preparation of samples for analysis at Brookhaven National Labs.
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Figure 2: Aluminum treated with 0.1 M CuBr, for 3.5 minutes. 2A: A visible image of aluminum foil which exhibits both growing and defined corrosion
pits. 2B: XRF image depicting bromide incorporation into the aluminum surface. 2C: XRF image depicting copper incorporation into the aluminum
surface. The green circle shows both intense bromide and copper incorporation into the surface, which suggests that the incorporation of bromide and
copper initially can occur together. After significant pit development, bromide intensity is much lower whereas copper intensity is high.



