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Abstract: The effect of concentration of hydrogen peroxide (H2O2) on the surface properties of Ni−Cr alloys was studied. Surface 

roughness and surface morphology of Ni−Cr alloys were evaluated by surface profiler and scanning electron microscopy after being 

immersed in different concentrations of H2O2 for 112 h. Surface corrosion products of Ni−Cr alloys were analyzed by photoelectron 

spectrograph after being immersed in 0% and 30% H2O2. The order of increasing surface roughness of Ni−Cr alloys after being 

immersed in different concentrations of H2O2 was 0<3.6%<10%<30%. As the concentration of hydrogen peroxide increased, the 

surface roughness of Ni−Cr alloys increased and the surface morphology showed different degrees of corrosion. According to the 

XPS results, the corrosion products formed on the outmost surface layer of the studied samples are Ni(OH)2 and BeO. 
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1 Introduction 
 

With the development of oral repair techniques, 

porcelain fused-to-metal prosthesis is approved by 

patients because of its strength of metal and beautiful 

outlook of porcelain. For clinical dental applications, 

there are currently hundreds of alloys available for 

prosthodontic restorations. Among them, nickel-based 

(Ni−Cr) alloy prosthesis is widely used (especially in 

developing countries) in the inner crown of casting 

crown and bridge and porcelain-fused-to-metal crown 

and bridge owing to its simple fabrication process, low 

cost, and additionally, improvement of castability and 

oxidizability. However, the oxidizability increment is 

accompanied by an increment of the corrosion rate, 

which has the disadvantage to release nickel (which 

presents an allergen character) and chromium (able to be 

present as toxic chromate) in the human system. Nickel 

might activate monocytes and endothelial cells, 

suppressing or promoting the expression of intercellular 

adhesion molecule-1 (ICAM-1) by endothelial cells, 

depending on the ionic concentration [1]. 

Although Ni−Cr alloys are well-known for their 

good corrosion resistance in the body, the metal surface 

exposed to oral cavity rich in electrolytes would generate 

electrochemical corrosion after restoration [2,3]. The 

corrosion characteristics of metal alloys are dependent on 

the composition of the alloy, its potential values, the 

strain, the surface roughness, the degree of oxidation, the 

pH, the temperature of the media, the mixing velocity of 

the solution and the presence of inhibitors [4]. And it is 

all known that the oral cavity is a dynamic environment, 

subjecting to changes in pH and temperature, a 

continuous flow of saliva, microbiological activity, 

occlusal load, diet, unconscious regular contact with 

metal ions (contact with jewelry and cooking utensils), as 

well as many other factors [5]. Once the metal prosthesis 

is worn in mouth, the metal ions would release to oral 

cavity and then come to contact with cells and tissues in 

the immediate environment, or be distributed throughout 

the body [6,7]. And the metal ions released from dental 

alloys not only produced adverse effects on the 

morphology, viability and proliferation rate of gingival 

fibroblasts but also caused increased levels of Interleukin 

2(IL-2) and Interleukin 6(IL-6) [ 8−12]. 
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Tooth bleaching is an increasingly popular aesthetic 

procedure used in dentistry [13−17]. It is relatively 

simple and highly effective, and can often preclude the 

need for operative intervention [13,14]. There are various 

agents available for bleaching vital teeth, although they 

invariably involve the application or generation of 

hydrogen peroxide (HP), a strong oxidising agent. 

Despite increased popularity, controversy surrounds the 

use of peroxide-based bleaching systems to whiten teeth. 

The situation has not been helped by conflicting reports 

in the scientific literature and media, further 

compounded by a lack of standardisation in methodology 

or presentation of data. Some studies suggested the 

relatively high concentrations of peroxide used for 

topical bleaching altered the chemical structure of tooth 

tissues [15−18]. While vital bleaching does not appear to 

cause macroscopic changes to the dental hard     

tissues, microscopic changes have been reported, 

particularly where peroxide was applied at high 

concentrations [19,20]. 

Several bleaching methods exist, including in office 

bleaching with or without a light source [21,22], e.g., 

mouth guard bleaching under supervision of a dentist, 

and bleaching kits that were sold over the counter (where 

individuals apply the bleaching agent without the 

supervision of the dentist). Active HP concentrations 

may, however, vary enormously and can be as high as 

35% [23] even though current UK law limits the 

peroxide content to 0.1%. Despite widespread debate, 

there is currently a trend towards employing greater 

concentrations of H2O2 as the active agent in tooth 

bleaching preparations [24,25]. Microstructural 

evaluation and corrosion properties of dental alloys 

subjected to bleaching have been investigated, and 

surface topographic alterations of Ni−Cr alloys occurred 

as a result of the application of 10% and 35% carbamide 

peroxide (CP) simulating at-home bleaching and in 

office bleaching during 14 d, respectively [26]. Ni−Cr 

alloys showed the highest surface roughness for both the 

control and home bleached subgroups [27,28]. 

The aim of the present study was therefore to 

investigate the effect of increasing H2O2 concentrations 

(0−30%) on surface properties from Ni−Cr alloys. This 

research will provide data in informing current 

discussion and scientific debate regarding the safety and 

efficacy of tooth bleaching agents. 

 

2 Experimental 
 
2.1 Sample preparation 

The Ni−Cr dental casting alloy (77.36% Ni, 12.27% 

Cr, 4.84% Mo, 5.53% other elements) was used in the 

present study. The alloy samples were manufactured to a 

circle sheet of 10 mm in diameter and 1.5 mm in 

thickness, divided into 4 groups randomly, and then 

immersed in 0, 3.6%, 10%, and 30% H2O2 solution of 

pH 3 at (37±0.1) °C for 112 h. The immersion time of 

112 h better reflects the actual clinical tooth bleach. The 

surface morphologies were observed by scanning 

electron microscopy (SEM), the surface roughness was 

detected by surface profile-meter (SPM), and the 

composition and structure of the passive film formed on 

the surface of nickel−chromium alloy were tested by 

X-ray photo-electron spectrometer (XPS). All measured 

data were statistically analyzed using one-way analysis 

of variance (ANOVA) and multiple comparisons test 

(LSD post hoc test) to examine the effect of the factor of 

hydrogen peroxide concentration. 
 

2.2 Surface roughness 

Following immersion test, the surface roughness of 

the samples was measured again using a surface 

profile-meter (SPM) that was calibrated by setting the 

appropriate zero setting prior to roughness measurement 

of the samples. The roughness of the uppermost surface 

was then measured by moving the stylus across its 

diameter. This procedure was repeated eight times for 

each sample, altering the orientation each time, and the 

results were averaged. 
 

2.3 Surface analysis 

X-ray photoelectron spectroscopy measurement was 

performed to analyze the composition and structure of 

the passive film formed on the surface of 

nickel−chromium alloy by means of a PHI 5000 

photoelectron spectrometer (VersaProbe, Japan) with 

monochromatized Al Kα radiation (1486.6 eV). The 

take-off angle for photoelectron detection was set at 45° 

for the sample surface. The vacuum level of the 

analyzing chamber during measurement was of the order 

of 10
−8 

Pa. The XPS data were converted into VAMAS 

file format and imported into XPSPEAK software 

package for manipulation and curve-fitting. 
 

2.4 Statistical analysis 

A two-way ANOVA (element by concentration) 

revealed a significant interaction between concentration 

and elements (p<0.001) indicating that difference 

between solutions was different across elements. The 

two-way ANOVA was followed by a one-way ANOVA 

and Dunnett Post Hoc test for multiple comparisons 

between solutions for each element. The roughness 

measurements were analyzed using a paired t-test. 
 

3 Results and discussion 
 

3.1 Surface morphology 

Figure 1 shows the surface morphology of      

the dental Ni−Cr casting alloy after being immersed in  

http://www.jukuu.com/show-scanning-0.html
http://www.jukuu.com/show-electron-0.html
http://www.jukuu.com/show-microscope-0.html
dict://key.0895DFE8DB67F9409DB285590D870EDD/Surface%20profile-meter
dict://key.0895DFE8DB67F9409DB285590D870EDD/Surface%20profile-meter
dict://key.0895DFE8DB67F9409DB285590D870EDD/Surface%20profile-meter
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Fig. 1 SEM images on surface of nickel−chromium alloys after being immersed in different concentrations of H2O2 for 112 h: (a) 0% 

H2O2; (b) 3.6% H2O2; (c) 10% H2O2; (d) 30% H2O2 

 

different concentrations of H2O2 (0, 3.6%, 10%, and 30%) 

for 112 h. The more serious corrosion happened on the 

surface of nickel−chromium alloy after being soaked in 

different concentrations of hydrogen peroxide for 112 h. 

The pore sizes of point erosion with the uneven 

distribution on the surface were observed. The corrosion 

of the alloys was the most conspicuous after being 

immersed in 30% hydrogen peroxide, while the surface 

of the alloys did not change significantly after being 

immersed in 0% H2O2 as the control group (deionized 

water). The corrosion of the alloys happened more and 

more conspicuously with the increase of hydrogen 

peroxide concentration. 

 

3.2 Surface roughness 

The average roughness values for each group before 

and after treatment are listed in Table 1. The surface 

roughness of nickel−chromium alloy changed after being 

soaked in different concentrations of hydrogen peroxide. 

In addition, the surface of the alloys became more and 

more rough with the increase of hydrogen peroxide 

concentration. 

 

3.3 X-ray photoelectron spectrometry (XPS) 

Figure 2 shows the full XPS survey spectra of the 

Ni−Cr dental alloy surface after being immersed in 30% 

and in 0% H2O2 for 112 h. It can be found that, in 30% 

and 0% H2O2, the dominant elements are O, Be and Ni.  

Table 1 Surface roughness of nickel−chromium alloys after 

being immersed in different concentrations of H2O2 for 112 h 

(mean±SD, n=4) 

Concentration of H2O2/% n Ra/nm Rz/µm 

0 4 260.35±12.40A 2.23±0.27A 

3.6 4 302.00±11.39B 3.36±0.35b 

10 4 365.85±19.04C 4.49±0.40c 

30 4 445.68±21.33D 5.86±0.20d 

Different letters (A−D, a−d) indicate statistical differences between values 

within a vertical column (determined by one-way ANOVA (p<0.05)); Ra—
Arithmetical mean deviation of roughness profile; Rz—Ten-point height of 

irregularties 

 

 

Fig. 2 XPS survey spectra of nickel−chromium alloys after 

being immersed in 0% and 30% H2O2 for 112 h 
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A small amount of Be and Al are often added to Ni−Cr 

alloys to improve their cast ability [29]. Table 2 lists the 

composition of the surface oxide films on the Ni−Cr 

alloys after being immersed in 30% and 0% H2O2 for  

112 h determined by XPS. In 30% H2O2, the amounts of 

three dominant elements are 69.06%, 24.32%, and 2.30% 

for O, Be, and Ni, respectively (Table 2). It is obvious 

that in 0% H2O2, the Ni, Cr, C and O concentrations 

increase, while the Al and Be concentrations decrease. 

The main component of O 1s peak at 532 eV is related to 

H—O or O—O bonding, and its presence is attributed to 

the H2O2. 

 

Table 2 Concentration of elements of outermost surface layer 

on nickel−chromium alloys after being immersed in 0% and 

30% H2O2 for 112 h 

Specimen 

Mole fraction/% 

Be 

1s 

C 

1s 

O 

1s 

Al 

2p 

Cr 

2p3 

Co 

2p3 

Ni 

2p3 

Mo 

3d 

0% H2O2 16.64 1.28 70.73 1.04 2.24 0.95 6.81 0.30 

30% H2O2 24.32 1.21 69.06 1.24 1.15 0.63 2.30 0.09 

 

Because the contents of Cr, Co and Mo are too low, 

they are not found in typical high resolution XPS spectra. 

High resolution XPS spectra of Be after being immersed 

in different concentrations of H2O2 (0% and 30%) for  

112 h are shown in Fig. 3. The Be
0
 and Be

2+
 (BeO) peaks 

 

 

Fig. 3 High-resolution XPS spectra of Be after being immersed 

in 0% (a) and 30% (b) H2O2 for 112 h 

in the spectra indicate a metallic and oxide states. The 

Be
0
 peaks in the spectra at 111.3 eV correspond to the 

Ni−Cr alloy. The Be
2+

 peaks in the spectra at 113.64 eV 

correspond to BeO. The peak area ratio of BeO to Be is 

2204.915:743.4307=2.97 in Fig. 3(a). The peak area ratio 

of BeO to Be is 1794.638:253.7229=7.07 in Fig. 3(b). 

Compared with 0% H2O2, the composition of Be
2+

 of 

Ni−Cr alloy after being immersed in 30% H2O2 for 112 h 

is significantly high. 

High resolution XPS spectra of Ni after being 

immersed in 30% and 0% H2O2 for 112 h are shown in 

Fig. 4. The spectra exhibit two dominant peaks before 

argon ion sputtering, namely Ni
2+

 2p3/2 at 855.6 eV and 

Ni
2+

 2p1/2 at 871.8 eV, respectively. The dominant Ni 

2p3/2 and Ni 2p1/2 peaks are decomposed into two peaks, 

respectively. The Ni
0
 and Ni

2+
 peaks in the Ni 2p3/2 and 

Ni 2p1/2 spectra indicate a metallic and oxide states. The 

Ni
0
 peaks in the Ni 2p3/2 and Ni 2p1/2 spectra at 852.8 eV 

and 869.9 eV also correspond to the Ni−Cr alloy. The 

peak area ratio of Ni to Ni
2+

 is (5722.08+5504.477): 

(1961.26+6877.058)=1.27:1 in Fig. 4(a). The peak area 

ratio of Ni to Ni
2+

 is (657.8834+1593.158):(901.7117+ 

3372.353)=1.28:1 in Fig. 4(b). Compared with 0% H2O2, 

the composition of Ni
2+

 of Ni−Cr alloy after being 

immersed in 30% H2O2 for 112 h is lower. 

 

 

Fig. 4 High-resolution XPS spectra of Be after being immersed 

in 0% (a) and 30% (b) H2O2 for 112 h 
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Figure 5 reveals the O 1s core level after being 

immersed in 30% and 0% H2O2 for 112 h. As shown in 

Fig. 5(a), the O 1s core level spectrum is curve-fitted 

with one peak component indicating Ni(OH)2. As shown 

in Fig. 5(b), the O 1s core level spectrum is curve-fitted 

with two peaks components indicating Ni(OH)2 and BeO. 

In Fig. 5(a), peak 1 at 531.5 eV is attributed to Ni(OH)2. 

In Fig. 5(b), peak 2 at 532.50 eV is Be—O bonding. 

 

 

Fig. 5 High-resolution XPS spectra of O after being immersed 

in 0% (a) and 30% (b) H2O2 for 112 h 

 

According to the XPS results, the corrosion 

resistances of Ni−Cr alloys in different concentrations of 

H2O2 were studied and the corrosion products formed on 

the outmost surface layer of the studied samples are 

Ni(OH) 2 and BeO. 

 

4 Conclusions 
 

1) The more serious corrosion happened on the 

surface of nickel−chromium alloy, after being soaked in 

different concentrations of hydrogen peroxide for 112 h. 

The pore sizes of point erosion with the uneven 

distribution on the surface were observed. The corrosion 

of the alloys was the most conspicuous after being 

immersed in 30% H2O2, while the surface of the alloys 

did not change significantly after being immersed in 0% 

H2O2 as the control group (deionized water). The 

corrosion of the Ni−Cr alloys happened more and more 

conspicuously with the increase of the concentration of 

hydrogen peroxide. 

2) The surface roughness of nickel−chromium alloy 

after being soaked in different concentrations of H2O2 

was observed. The surface of the nickel−chromium 

alloys became rougher and rougher with the increase of 

the concentration of H2O2. 

3) The oxide content on the surface of 

nickel−chromium alloy after being soaked in 30% H2O2 

is lower than that in 0% H2O2, and the corrosion 

resistance of the alloys becomes poor. The corrosion 

products formed on the outmost surface layer of the 

studied samples are Ni(OH)2 and BeO. 

4) Too much bleach will inevitably come into 

contact with nickel−chromium alloy and other materials, 

which will promote the corrosion of the alloys, and then 

more metal ions are released and to further damage body 

tissues in the clinical bleaching treatment. 
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过氧化氢浓度对 Ni−Cr 合金表面性能的影响 
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2. 上海电机学院 机械学院，上海 200001 

 

摘  要：使用表面轮廓仪和扫描电子显微镜对不同浓度的过氧化氢浸泡 112 h 之后的镍铬合金的表面粗糙度和表

面形貌进行分析。采用能谱仪分析 0%和 30%过氧化氢浸泡的合金表面腐蚀产物。结果表明：不同过氧化氢浓度

浸泡下的合金表面粗糙度从低到高排序依次为 0<3.6%<10%<30%。随着过氧化氢浓度的增加，合金表面粗糙度随

之增加，表面形貌也呈现不同程度的腐蚀。根据 XPS 测试结果，在研究样品表面形成的最外层的腐蚀产物为

Ni(OH)2 和 BeO。 

关键词：过氧化氢(H2O2)；齿科镍−铬合金；表面粗糙度；表面形貌；表面腐蚀产物 
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