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  Abstract : Using alkali treatment solution, neutrality treatment solution and acid treatment 
solution, the surface corrosion layer of copper plates and bronze plates that have been artificially 
corroded using HCl, H2SO4 and HNO3 solutions were removed. In the case of alkali treatment 
solution, only air oxidation in the form of black tenorite and white cuproous chloride remained 
without being removed. In the case of using a neutrality treatment solution, a anhydrous type layer 
of reddish brown cupric chloride remained without being removed, together with this black and 
white corrosion substance. In the case of using an acid treatment solution, this red corrosion 
substance also remained, but all of the oxide was removed on the surface of the specimen that 
was treated by alternatively using alkali treatment solution and acid treatment solution. In the case 
of this treatment solution with the order of alkali-acid, oxidation no longer proceeded only 
through the distilled water cleaning process after treatment, thereby showing that oxidation from 
the cleaning solution no longer proceeded.  
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1. Introduction

  Surface treatment of metal is a process of 
changing the property of a metal’s surface and 
various types and methods are used. Although 
coloring and anti-corrosion were mainly used 
for the surface treatment of metal in the past, 
various types of treatment methods have been 
developed recently for more extensive function 
and role and they are now being used in 
almost every area of industry. As for metal 
surface treatments, washing, grinding, etching, 
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shot peening, pressing, painting, lining, wet 
plating and hot plating & treatment, 
conversion treatment, anodizing, ion injection, 
surface heat treatment, spraying, etc. are being 
used1). In the case of metal for which these 
treatments have been used, changes occur in 
any type of form on the metal surface 
compared to before the treatment and through 
this change, changes in the metal appearance 
on the surface or to certain parts of metal 
inside. In these cases, abrasion resistance, 
fatigue resistance and corrosion resistance are 
improved as surface properties of every treated 
metal change according to the intended 
purpose or hardened in general. They have the 
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demand characteristics of not affecting the 
basic material without deterioration and 
consistent surface treatment. Their suitability to 
usage environment after treatment also 
becomes a major interest and from a 
commercial perspective, the simplicity & 
suitability of treatment process and low price 
also become important2). Such surface washing 
method is also used to remove the pollutant 
source on the silicon wafer surface by being 
applied to semiconductor manufacturing 
process. This washing technique is a very 
important process as it occupies about 20% of 
semiconductor processing, and alkali metal, 
alkali earth metal, transition metal and metallic 
oxide are removed through photoresist ashing, 
dry etching, ion implantation, wet washing 
method, etc. Wet washing among them is 
known to be the most effective in removing 
various particle metal pollutants, particularly 
natural oxidation film but this has the issue of 
re-corrosion after treatment with alkali or acid 
solution and its solution is becoming the most 
important issue3,4). Phosphate system inhibitor 
or silicate system inhibitor is being used to 
treat the metal oxidation residue inside 
deteriorated metal water pipes in everyday life5) 
and it has also been reported to be highly 
effective in preventing corrosion or removing 
sediment metal impurities or oxides by using 
the deoxidation methods that use ETA, NH3 

and N2H4 for metal oxide treatment and 
corrosion prevention of water and steam 
circulation system within power plants6). As 
for the metal residue treatment agent in 
addition to these treatment agents, there was a 
recent report on the study of heavy metal 
control using H2O2 under the existence of 
citric acid and organic materials or metal 
oxide treatment with highly effective results7). 
In addition, a method of forming CaCO3 film 
on a metal surface or a method of adding 
various anti-corrosion agents have also been 
studied8). In the case of bronze that is a 
representative copper alloy, benzotriazole or 
ethylenediamine, petroleum sulphonate, 

cysteine, 2-amino-5-mercapto-1,3,4-tridiazole, 
tolitriazole are being used as corrosion 
substance treatment and inhibitor9,10). In the 
case of using them independently, however, it 
showed the result of partial treatment instead 
of full treatment of metal oxide and being 
used only as a corrosion resistant agent11,12).

In this paper, the study was conducted on 
manufacturing treatment agents for treating the 
metal surface corrosion substances created in 
different forms in various industry fields via 
chemical method13-15). Accordingly, acid, 
neutral and alkali corrosion substance 
removing agents were manufactured, and 
copper and bronze that are representative 
copper alloys were artificially corroded, and 
the treatment process of corrosion substances 
was presented for comparison before and after 
treatment. The purpose was to manufacture 
the agents to prevent the re-corrosion and 
re-contamination of the surface that appears 
after the treatment with wet treatment agents 
that have been an issue, as well as remove 
surface corrosion substances by directly 
applying the treatment agent to modern bronze 
products with significant corrosion. 

 

2. Experiment

2.1. Reagent & Instruments 

  As for phosphoric acid, sulfuric acid, 
hydrogen peroxide, ethylenediaminetetrachloric 
acid, ammonium fluoride, ammonium chloride, 
citric acid, copper chloride and potassium 
hydroxide, reagents by Aldrich were used, and 
Glupon 215 UP was used for surfactant. As 
for 2-(2-butoxyethoxy) ethanol, sodium 
metasilicate and nitric acid, reagents by 
Samchun Chemical were used, and reagents by 
OCI were used for 1,2,3-Benzotriazole, mono 
ethanol amine and sodium gluconate. As for 
distilled water used to manufacturing washing 
agent, deionized water was used, and analysis 
level reagents were used for every other 
reagent used. As for the agitator used to 
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manufacture solution, P-Mixer 3,000 rpm and 
30 mm stainless impeller was used, and 40 
kHz SD-200H was used for ultrasonic cleaner.  

2,2. Sample Manufacturing

  As for copper metal plate, Fough-pitch 
copper plate with over 99.2% purity (0.01 ~ 
0.06% oxygen content) was used (hereafter, 
"copper plate"), and as for copper alloy, alloy 
plate of 21.% Sn content and 79.7% Cu 
content manufactured through punching 
method was used (hereafter, "bronze plate"). 
The two specimen were cut in 4.0 x 40.0 x 
40.0 mm using Water jet, and the surface of 
both sides after cutting were etching by about 
0.8 ~ 0.9 mm for adjustment in the thickness 
of 2.0 ~ 2.1 mm. As for cut oblique plane, it 
was used without adjustment. As for the 
surface sanding of metal specimen, JEG-520M 
by Jin Young Precision Machine was used. 

2.3. Corroded Specimen Manufacturing

  As for copper plate and bronze plate, 0.1 M 
HCl, HNO3, H2SO4 were respectively used in 
glass Schale to manufactured them during 14 
days by repeating atomizing and drying. As 
for corroded layer for 14 days, corrosion 
proceeded to about 5 mm in thickness 
including the basic material with green 
corrosion layer in the case of HCl corrosion 
based on bronze plate. In the case of HNO3 
corrosion, corrosion proceeded to about 4 mm 
in thickness including the basic material with 
blue corrosion layer. In the case of H2SO4 
corrosion, corrosion proceeded to about 2.5 
mm in thickness including the basic material 
with clear and bright blue corrosion layer and 
the number of six types of specimen 
manufactured was respectively 30.  

 
2.4. Surface Oxide Treatment Agent 

    Manufacturing

  As for neutral treatment solution, EDTA and 
citric acid, mono ethanol amine, Sodium 
gluconate, 2-(2-butoxyethoxy) ethanol, 
Glupon 215 UP were added to 3.5% KOH 

solution for agitation and dissolution at 3,000 
rpm, and pH was adjusted to 6.5 ~ 7.5 by 
using 10% phosphoric acid solution. In 
addition, about 3% sodium meta-silicate was 
added for manufacturing. As for acid 
treatment solution, sulfuric acid and 35% 
hydrogen peroxide were mixed by 1 : 1 in 
distilled water, and benzotriazole and copper 
chloride, ammonium chloride were added in 
the respective order for manufacturing. As for 
alkali treatment solution, ammonium fluoride, 
sodium gluconate, EDTA, sodium 
meta-silicate, mono ethanol amine and 
2-(2-butoxyethoxy) ethanol were added to pH 
13 potassium hydroxide solution that has been 
added with Glupon 215 UP for manufacturing. 

2.5. Corroded Oxide Treatment

  Copper plate and bronze plate with 
corrosion in process were deposited in 
respectively 100 mL acid, neutral and alkali 
solutions, and they were exposed to ultrasonic 
waves at 1 hour interval from 1 to 10 hours 
at room temperature inside ultrasonic cleanser 
to observe the changes of surface condition. 
Afterwards, specimen were alternatively 
deposited for 4-hour interval in solutions of 
acid & alkali, alkali & acid, neutral & acid, 
acid & neutral, alkali & neutral, neutral & 
alkali, acid & alkali and neutral to observe 
surface residual level and treatment level. 

  

3. Result and Discussion

  Six types of corroded specimen and 
specimen condition prior to corrosion were 
shown in Fig. 1. The condition of these 
specimen through alkali solution treatment is 
as shown in Fig. 2. The green, blue and bright 
blue corrosion layer on the surface of alkali 
solution treated specimen were removed as 
time went on but black and white corrosion 
substances remaining on surface remained 
without being removed, and surface cleansing 
no longer proceeded even after changing the 
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Fig. 1. Surface corrosion product (a; standard, b; HCl with bronze, c; HNO3 with bronze, d; 
H2SO4 with bronze, e; HCl with Cu plate, f; HNO3 with Cu plate, g; H2SO4 with Cu 

plate)

solution concentration or extending the 
ultrasonic cleansing time to over 10 hours. 
Based on Cu alone, it appears that the 
anhydrous type of light brown color cupric 
chloride with distorted CdI2 structure, as well 
as dihydrous type of blue green color have 
been removed. In addition, it appears that 
green cuprous chloride with sphalerite structure 
has also been removed in alkali solution. As 
for deep blue green color cupric nitrate, 
anhydrous type of orthorhombic structure and 
hydrate type of rhombohedral structure have 
been removed. As for cupric sulfate, it appears 
that bright blue pentahydrous form has also 
been removed, as well as pale green anhydrous 
form with orthorhombic structure. Although it 
appears that blue or blue-green color cupric 
hydroxide form has also been removed, it 
appears that black cupric oxide (tenorite) with 
monoclinic structure has not been removed 
judging by color alone. In addition, it was 
also seen that white zincblende structure that 
is a part of cuprous chloride oxidized in air 
and chalcocyanite form that is a part of gray 
white anhydrous form among cupric sulfate 
have not been removed. However, it was seen 
that black tenorite and white cuproous 
chloride air oxidation form was not removed 
based on solubility of distilled water (243 g/L 
at 0℃) of gray-white cupric sulfate. 

The condition of treating specimen with 
corrosion in process with neutral solution is as 
shown in Fig. 3. As for these results, green, 
blue and bright blue corrosion layer on the 
surface of specimen treated with alkali solution 
were removed as time went on, but white and 

black corrosion substances were not removed. 
In addition, anhydrous type of reddish brown 
cupric chloride was also not removed with Cu 
chloride compound. It was also showing the 
same removal level result as the result after 
first 1 hour even after changing the 
concentration of solution or extending 
ultrasonic cleansing time. 

   

Fig. 2. After treatment with neutral solution 
for 1 hr.   

Fig. 3. After treatment with Alkalic solution 
for 1 hr.
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neutral sol. Alkalic sol. Acidic sol. Aklaic and Acidic sol. 

67.1 46.3 17.1 15.8

Table 1. Variation of Surface color (△ELab) before and after Treatment in Various Solutions

The condition of treating specimen with 
corrosion in process with acid solution is as 
shown in Fig. 4. As for these results, green, 
blue, bright blue and black corrosion layer on 
the surface of treated specimen were removed 
as time went on, but it was found that 
anhydrous type layer of reddish brown cupric 
chloride became very thin. It was also showing 
the same removal level result as the result 
after first 1 hour even after changing the 
concentration of solution or extending 
ultrasonic cleansing time.

Fig. 4. After treatment with Acidic solution for 
1 hr.

In the case of specimen that have been 
alternatively treated with alkali, neutral and 
acid solutions, it was found that oxidation 
residues existed on the metal surface after 
treatment in most cases, but all of the 
oxidation substances were removed on the 
surface of specimen that were alternatively 
treated with alkali treatment solution and acid 
treatment solution. In the case of specimen 
that were treated in alkalinity, white oxidation 
substances and black oxidation substances 
remained but they were immediately removed 
when they are once again treated with acid 

treatment solution (Fig. 5). This could be seen 
as the air oxidation form of black tenorite 
and white cuprous chloride that remained in 
alkali treatment solution being completely 
removed in acid treatment solution. When the 
order of treatment solution was alkali-acid, 
oxidation no longer proceeded upon distilled 
water cleansing after treatment, thereby not 
showing any changes on surface level. In the 
case of acid-alkali, however, oxidation 
proceeded once again even after distilled water 
cleansing. Accordingly, it was seen that 
oxidation no longer proceeded from cleansing 
agent during cleansing phase after acid 
solution treatment that is followed by alkali 
solution treatment. In the case of specimen for 
which acid treatment solution was used, 
surface corrosion did not proceed for over two 
months even after being exposed to over 60% 
humidity air, and the weight of metal basic 
material specimen that are not corroded did 
not change even after being exposed to alkali 
and acid treatment solutions. Accordingly, it 
also showed the result that there is no 
reactivity of treatment solution to basic 
material in addition to corrosion substance 
that occurred in copper or copper alloy (Table 
1).  

The result of treating the surface corrosion 
substances of bronze bowl with corroded 
surface from extended exposure to air and 
inside soil using this treatment solutions and 
treatment order has been shown in Fig. 6. 
Also in the case of this bronze bowl, black 
and partially white corrosion substances 
remained on surface upon alkali solution 
treatment, as in the case of previous specimen, 
but corrosions on surface were completely 
removed upon treating once again with acid 
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treatment solution and no changes have been 
observed on surface for over two months. 

Fig. 5. After treatment with Alkalic and 
Acidic solution for 1 hr.

     

A (△ELab = 23.6)      

B (△ELab = 51.3)

Fig. 6. Before and after surface state of the 
bronze vessel with alkalic and acidic 
two step treatment for 1 hr 
respectively. 

4. Conclusions 

In the case of alternatively treating corroded 
copper and bronze specimen with 
manufactured alkali treatment solution and 
acid treatment solution, black tenorite and 
white cuprous chloride air oxidation form that 

remained even after alkali solution treatment 
has been completely removed. Oxidation from 
alkali could no longer be seen upon 
conducting chemical removal task for corroded 
substances by using acid solution to remove 
corroded layer after using alkali treatment 
solution. Furthermore, anti-corrosion effect of 
preventing metal surface from corroding could 
also be expected. Also in the case of treating 
bronze bowl that had already been 
significantly corroded, corrosion substances that 
occurred on the surface could be completely 
removed by using alkali solution and acid 
solution for treatment in order, thereby 
showing that the surface treatment of 
oxidation substances of copper and copper 
alloy is sufficiently possible upon using these 
treatment solutions and treatment order.
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