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Abstract. The hard anodizing process is performed on aluminum 3003 work-part in order to increase 
surface hardness and corrosion resistant. Due to the fact that a massive of heat is generated during 
the process and attributing to burn defect. Burning can be described as an uneven growth and 
destruction of the oxide layer. The interface between the barrier layer and the aluminum is not 
smooth on a microscopic scale. Metallic aluminum extends as many small projections into the 
barrier layer. These intermetallic phases, metallic needles, and/or other impurities transport the 
electric current easier than the aluminum oxide and as a consequence give rise to a short circuit 
through the barrier layer in these pores. When the current density concentrates in these pores the 
temperature will rise at the bottom of the pores and cause burning defect to the work-part. Thus, an 
analysis of reducing burn defect is implemented using an experimental design technique. It is 
founded that with an increasing of ramp time, sulfuric acid concentration, and agitation in the hard 
anodizing process without relaxing current density, burn defects are substantially reduced.    

Introduction 

Hard anodizing is an electrochemical process for surface hardening on an aluminum part where 
an anodic substrate is built up and aluminum surface is protected and hardened. The process is 
quite simple where an aluminum work part is an anode and submerged in sulfuric acid 
electrolyte. The direct current will be applied to the bath tank and aluminum oxide (Al2O3) will 
be generated on an aluminum surface. For every two microns of anodic (oxide) film produced 
one micron of the base metal is consumed in the reaction, and pro-rata.  The anodic film is 
transparent and therefore the type of pre-treatment given to the aluminum can influence the 
appearance of the final product before anodizing [1,2,3,5,13]. Since the hard anodizing process 
involves electric current, one of the critical and prevalent defects is burning. Burning is due to 
an uneven growth and destruction of the oxide layer. The interface between the barrier layer and the 
aluminum is not smooth on a microscopic scale. Metallic aluminum extends as many small 
projections into the barrier layer. These intermetallic phases, metallic needles, and/or other 
impurities convey the electric current much easier than the aluminum oxide and as a result give rise 
to a short circuit through the barrier layer in these pores. When the current density concentrates in 
these pores the temperature will rise at the bottom of the pores and cause burn defect to the work-
part [6,8]. Especially, a hollow thin wall work-part is subjected to burn defect. Thus, it is an 
essential to control the electrolyte temperature between -4 to 4oc and good agitation system 
together with pulse current is recommended in order to dissipate the heat from the work-part 
[4,7,9-12]. In addition, there are other variables such as ramp time, acid concentration that must 
be taken into accounted. Ramp time is described as an elapsed time from the beginning until the 
current reaches the peak setting. The longer ramp time allows an anodic film to be slowly and 
uniformly built-up over aluminum substrate while the higher acid concentration provides better 
etching and creates more oxygen ion to the aluminum surface. Burning is most likely occurred 
around sharp edge, pores, holes on the work-part and it is in white grey color as shown in Fig. 
1.   
 



 

This paper aims to demonstrate and reveal the result obtained from the approach to reduce burn 
defect in the hard anodizing process utilizing an experimental design.  The investigated work-
parts are in pan shape and made of aluminum 3003 with a thickness ranging from 3 to 5 mm.      
 

 
 

Fig.1 Burn defect on Aluminum part 

Experimental Setup and Design 

As mentioned earlier burn defect is one of the most common problems in hard anodizing process. It 
is important to understand the relationship among critical variables in the process pertaining to burn 
defect. The critical variables are ramp time, acid concentration in the electrolyte, and current 
density. One can imagine that burn defect is due to heat accumulation at the uneven growth and 
destruction of oxide layer position. Thus, it is obvious that the lower current density, the lower 
possibility of burn defect. However, lower current density has an adverse effect to thickness of 
anodic film and longer anodizing time is inevitable. For this reason, the current density variable will 
be excluded from the study. As a result, there will be only two variables i.e. ramp time and acid 
concentration that will be included in the preliminary study. The experimental design technique is 
implemented in the study. Ramp time parameters will be assigned at 300,400, and 480 seconds 
while the sulfuric acid concentration is at 190 and 200 g/l. The current density is used at 30 Amp/ft2 
and the cycle time is 1600 seconds in order to obtain required anodic film thickness. Three-level of 
ramp time and two-level of sulfuric acid concentration with 4 replicates will be designed in this 
experiment as full-factorial design scheme and it can be tabulated in Table 1.  
  

Table 1 Parameters considered in this study 

Process variable 
Level 

Low Medium High 
Ramp time (s) 300 400 480 
Sulfuric acid concentration (g/l) 190  200   
    
    
    

Experimental Results 

The analysis of variance (ANOVA) is applied to identify the significance of effect variables to burn 
defect in hard anodizing process. The ANOVA result is shown in Table 2.  It is known that P-value 
be identify the significant of the concerned variables. If the P-value is less than or equal to 0.05, the 
related variable dictates the significant of the variables to the response providing 0.05% confident 
interval. Based on the result, P-value of ramp time is equal to zero which is less than 0.05 meaning 
that ramp time is the main effect to burn defect while acid concentration is not the main effect. It 
can be reiterated that any change of ramp time will play a significant role to burn defect. On the 
contrary, changing acid concentration of the electrolyte solution will not obviously affect burn 
defect result.  



 

Table 2 Result of the analysis of variance (ANOVA) 

Source DF Seq SS Adj SS Adj MS F P-value 
Ramp time                  2 0.0000258 0.0000258 0.0000129 191.75 0 
Sulfuric acid             1 0.0000002 0.0000002 0.0000002 2.81 0.111 
Ramp time*Sulfuric acid   2 0.0000007 0.0000007 0.0000003 5.08 0.018 
Error                     18 0.0000012 0.0000012 0.0000001    
Total                     23 0.0000279      

 
However, the interaction between ramp time and acid concentration also indicates interaction effect 
to burn shortcomin since the P-value is equal to 0.018 which is less than 0.05 as previously 
described. It can be seen that from the table we can only know whether each variable plays a 
significant role to the response or not. However, what type of relationship must be intepreted from 
the effect plot. Thus, the effect plot derived from the result related to ramp time at various acid 
concentration is graphed in Fig. 2.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Effect plot of ramp time (s) and sulfuric acid concentration (g/l) 

 
It is found from Fig. 2 that when ramp time is increasing, the percentage of burn defect is 

decreased. 

Discussion 

Hard anodizing is a surface hardening process for an aluminum part. It increases hardness and 
corrosion resistant to the part. This hard anodizing process concerns electrochemical which is 
required electric charge and electrolysis reaction which hydrogen and oxygen ions are obtained 
from chemical reaction of sulfuric acid. While hydrogen is released to the atmosphere, oxygen ions 
combined with aluminum to form aluminum oxide (Al2O3) built up on aluminum substrate. It is due 
to the fact that massive of heat can be accumulated at the impurity location where anodic film is  
ununiformed and causes aluminum part to burn.  

Burn defect is considered a significant intimidating defect in hard anodizing process. A good 
agitation system to dissipate heat must be designed and investigated. If the burn defect problem is 
still persistent, ramp time and acid concentration must be examined before any modification of 
current density setting. It is inferred from this experiment that longer ramp time with high acid 
concentration provides favorable result.  
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