
Metal Surface Preparation Tips 
A study on the effect of an atmospheric cold plasma pre- 
treatment on the surface of aircraft aluminum alloys and in 
cerium conversion coating deposition processes. 
By Joe Edington, Ajay Padwal, Alexander Williams, J. O'Keefe, and Thomas J. O'Keefe, 
University of Missouri Rolla, Rolla, Mo. 

T 
he proper cleaning and t r ea tmen t  of metal  
surfaces prior to any metal coating process is 
recognized and accepted as one of the most 

critical steps in a surface finishing operation. The 
quality and performance of coated parts in service 
can be directly related and correlated to the initial 
p re t rea tment  of the surface to be coated. 1 
Historically, mechanical  and chemical processes 
have been the two primary categories for metal sur- 
face preparation. The specific methods chosen for 
use depend on the type of metal, prior history, and 
desired properties tha t  the final coating system is to 
exhibit. In most cases, a chemical process will be the 
final step and usually consists of not only cleaning 
and rinsing, but some type of surface activation or 
modification as well. 

While the current surface t rea tment  methods are 
generally quite effective and economical, minimiz- 
ing environmental issues that  accompany their use 
because of large volumes of chemical solutions and 
the t rea tment  of effluents is recognized as a major 
challenge. One example is the aerospace industry, 
where corrosion protection of a luminum alloys and 
other metals  is essential  in both commercial and 
military applications. The estimated annual  cost of 
corrosion related maintenance for the U.S. Air Force 
is approximately one billion dollars. 2 

Clearly, any surface t r ea tment  process tha t  nei- 
ther requires nor generates undesirable aqueous- or 
organic-based solutions would be an at t ract ive 
al ternat ive to the present methods. In particular, 
many plasma processes are environmentally benign 
but usually require vacuum conditions. Atmospheric 
plasma processes are much more at t ract ive and 
flexible for large scale operations encountered in the 
aerospace industry. There are a number of examples 
in the li terature where the use of a cold plasma is 
suggested as an interesting technique for use in a 
broader range of surface finishing requirements. 3-4 

The effect of an atmospheric cold plasma pretreat- 
ment on the surface of aircraft a luminum alloys and 

on cerium conversion coating deposition processes 
was studied. 

EXPERIMENTAL 
The two a luminum alloys s tudied were A1-7075 
and A1-2024. The samples were cut into 1.5 x 3 in. 
panels.  A Sur f% Technologies Atomflo 250 was 
used to generate the atmospheric cold plasma. The 
main gas was industr ia l  grade hel ium delivered at 
a flow rate  of -25 LPM. Indust r ia l  grade oxygen 
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Figure 1: Auger depth profiles for 7075-T6 in the (top) as- 
received condition and (bottom) following cold plasma pre- 
treatment. 
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Figure 2: Auger depth profiles for 2024-T3 in the (top) as- 
received condition and (bottom) following cold plasma pre- 
treatment. 

gas was fed into the s t ream as a secondary gas at 
a flow rate  of -400 cc/min. The unit  was operated 
at max imum power in all cases (-80W). The t ime 
of cold p lasma  (CP) t r e a t m e n t  was 120 seconds, 
which was  kep t  cons tan t  for all the  CP t r ea t ed  
samples. The s tudy also included alkaline cleaning 
wi th  a commerc ia l ly  avai lable  c leaner  (Turco 
P roduc t s  4215 NC-LT) as a s t a n d a r d  p re t rea t -  
merit. Alkaline cleaning was used as a s tand alone 
p r e t r e a t m e n t  and in combina t ion  wi th  the  cold 
plasma. 

Based on the above p re t rea tmen t  combinations 
there were four sets of panels, each consisting of two 
panels. The two sets of panels included cold plasma 
and alkaline cleaning. 

After p re t rea tment ,  a cer ium oxide conversion 
coating (CeCC) was deposi ted by spraying these  
panels with an aqueous solution containing cerium 
chloride. 5 The panels were characterized by using 
scanning electron microscopy (SEM), energy disper- 
sive spectroscopy (EDS), and Auger electron spec- 
t roscopy (AES) before and after  p r e t r ea tmen t  as 
well as after conversion coating. 
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Figure 3: Auger depth profiles for (top) 7075-T6 and (bottom) 
2024-T3 following alkaline cleaning. 

RESULTS AND DISCUSSION 
Auger Electron Spectroscopy (AES): AES depth 
profiling was used to determine the near-surface com- 
position of coated and uncoated panels. First,  
un t rea ted  specimens of a luminum alloys 7075-T6 
and 2024-T3 were examined. The depth profiles 
showed that  the surface layer consisted largely of 
magnesium oxide for both alloys (Figure 1). Oxide 
thickness was on the order of 20 nm for 7075-T6 and 
5 nm for 2024-T3. The presence of magnesium oxide 
on the surface was likely due to the preferential oxi- 
dation of magnesium in the alloy during heat treat- 
ment. Both alloys also had a significant amount of 
carbon on the surface, most likely in the form of adhe- 
sive residues and adsorbed VOCs. 

Auger depth profiles showed tha t  p re t rea tmen t  
with cold plasma resulted in a large reduction in the 
amount  of carbon present  on the surface for both 
aluminum alloys tested (Figure 2). This was proba- 
bly due to the removal  of res idual  organic com- 
pounds (adhesive residues,  adsorbed VOCs, etc.) 
from the surface by the helium-oxygen plasma. AES 
depth profiles also indicated that  cold plasma treat- 

June 2005 39 



Figure 4: Scanning electron micrographs of 7075-T6 in the (top) 
as-received condition and (bottom) following cold plasma pre- 
treatment. 

merit did not appreciably affect the magnes ium 
oxide surface layer on either alloy. 

Treatment  of the aluminum alloys with an alka- 
line cleaner was found to change the oxide layer 
from the magnesium oxide observed for the untreat-  
ed 7075-T6 to a layer consisting primarily of alu- 
minum oxide/hydroxide (Figure 3). Alkaline clean- 
ing did not have an effect on the magnesium oxide 
layer present on 2024-T3. Alkaline cleaning was also 
found to decrease the amount  of carbon on the sur- 
face of both alloys. 
Scanning Electron Microscopy (SEM): SEM 
images of untreated specimens were compared with 
cold p lasma t rea ted  specimens for both alloys 
(Figure 4). SEM images for 2024-T3 are not shown 
due to similari t ies in appearance  with 7075-T6. 
Numerous small holes were observed in the surface 
layer for both alloys following cold p lasma treat-  
ment.  Presumably,  the cold p lasma t r ea tmen t  
resulted in localized disruption of the magnesium 
oxide layer present on the initial surface. However, 

Figure 5: Scanning electron micrographs of bare (top} 7075-T6 
and (bottom) 2024-T3 following alkaline cleaning. 

when coupled with the AES data, the plasma appar- 
ently lacked the energy or t ime to completely 
remove the initial magnesium oxide layer. 

Alkaline cleaning of 7075-T6 has been found to 
etch the substra te  significantly, most apparent  by 
the reduction in the appearance of roll marks on the 
surface (Figure 5). Based on the continued presence 
of magnesium oxide, it is apparent that  2024-T3 is 
not etched to the same extent as 7075-T6. However, 
the appearance  of roll marks  has been reduced 
somewhat  on 2024-T3 by the alkaline cleaner. 
Optical Microscopy of CeCC:  Optical micro- 
graphs were taken of cerium oxide conversion coat- 
ings produced on 7075-T6 and 2024-T3 after pre- 
t r ea tmen t  with the cold p lasma or an alkal ine 
cleaner. Coatings produced on 7075-T6 were similar 
for both pretreatments  with the exception that  some 
pits produced during cold p lasma t r ea tmen t  
remained visible in the final coating (Figure 6). 
Coatings appeared fairly uniform with comparable 
thickness for both pretreatments  on 7075-T6. 
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Figure 6: Optical micrographs of CeCC on 7075-T6 following 
(top) alkaline cleaning and (bottom) cold plasma pretreatment. 

Micrographs of coatings on 2024-T3 revealed that  
the coating produced on the alkaline cleaned sub- 
strate gave a non-uniform coating with islands of 
thick deposit surrounded by areas covered by a very 
thin coating (Figure 7). The cold plasma pretreated 
2024-T3 specimen did not appear to coat, indicating 
tha t  the cold plasma t rea tment  lacked the energy 
necessary to activate the 2024-T3. 

C O N C L U S I O N  
The use of an atmospheric He/O 2 cold plasma in the 
pretreatment  of a luminum alloys 7075-T6 and 2024- 
T3 was found to reduce the amount  of carbon (VOCs, 
etc.) on the surface. Cold plasma pretreatment  did 
not appreciably affect the chemical na ture  of the 
oxide layer on either alloy, although some visual dif- 
ference in the form of holes in surface oxide was 
observed following cold plasma processing. The use 
of an alkaline cleaner was found to remove the orig- 
inal magnes ium oxide layer present  on 7075-T6, 
resul t ing in a luminum oxide on the surface. The 

Figure 7: Optical micrograph of CeCC on 2024-T3 following (top) 
alkaline cleaning and (bottom) cold plasma pretreatment. 

magnes ium oxide layer on 2024-T3 was largely 
unaffected by alkaline cleaning. Cerium oxide con- 
version coatings produced on 7075-T6 exhibited no 
observable difference with or without cold plasma 
t rea tment .  However, cold p lasma t r ea tmen t  was 
found to be insufficient to activate the surface of 
2024-T3 to allow coating deposition. 
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For more information, please contact Ajay Padwall 
at 573-341-4391; (e-mail) padwala@umr.edu, mr 
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