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 Abstract 

A number of factors determine the mechanical, but also physical and chemical properties. One of the 

most important are the steel microstructure and its working conditions. A few corrosion processes in 

crevices and awkward corners can be avoided at the design stage (low roughness parameters, round-

section and other). But still the construction material is exposed to corrosion. These steels often come 

into contact with an aggressive environment based on nitric acid. Stainless steel is more and more 

often used in many sectors of industry.  

The purpose of this article is to investigate corrosion resistance in different time (48, 96, 144, 192, 

240, 288, 336, 384 and 432 hours) using weight loss and profile roughness parameters of martensitic 

steel in grade X55CrMo14 in nitric acid 65% pure-basic at temperature 348 K. Corrosion tests show 

that the tested steel in nitric acid as a corrosive environments is characterized through continuous 

corrosion process whose measure may be surface roughness. 
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1. Introduction 

Stainless steels are becoming more and more widely used 

not only as construction materials used in machine building, 

utility construction, but also in medicine, pharmacy and 

household tools (Pan et al., 2020; Lipiński, 2016; Scendo et 

al., 2012). These steels have three main microstructures, 

which include: ferritic, austenitic and martensitic (ou-

tokumpu).  

Industry places high demands on construction materials. 

The reason for this is both the safety of persons and construc-

tion. One with the main problem apart strength (Ulewicz et al., 

2017; Ulewicz et al., 2014; Vicen et al., 2019; Scendo et al. 

2014) and desirable is corrosion resistance (Uhlig et al., 1985). 

The factor is main in prevents rapid destruction of the mate-

rial. One of the more important is that the negative corrosion 

effect have mostly important for the reason for example other 

metals inclusions (Dudek et al., 2014; Lipiński et al., 2015; 

Szabracki et al., 2013) which are dependent on their shape, 

numbers, size and distribution determined properties of alloys, 

too (Duryahina et al., 2007; Szabracki et al., 2014). To achieve 

this goal, it is required to conduct experimental research and 

reduce the testing costs by computer simulations (Pietraszek 

et al., 2014; Krynke et al., 2012; Ulewicz et al., 2013; Lipiński, 

2017). In order to reduce the costs of testing, they are usually 

conducted on a laboratory scale (Majewski et al., 2020; Pie-

traszek et al., 2015; Lipiński, 2017; Ulewicz et al., 2019; 

Selejdak 2003). 

Martensitic steels have exceptionally high strength proper-

ties and high abrasion resistance. Martensitic stainless steels 

are non-weldable or difficult to weld (Miletić et al. 2020). The 

low chromium content together with high carbon content in 

the martensitic grades lower corrosion resistance compared to 

the other classes of stainless steels. Thus, they are usually 

broadly selected but only for mild corrosion ambient when 

were requiring a combination of high tensile and high hard-

ness strength and corrosion resistance. They are used for the 

production of parts of devices that require hardness, such as 

screws, pins, parts subject to abrasive wear, valves of hydrau-

lic presses. In addition, they are used to make cutting tools in-

clude cutlery, surgical instruments, measuring tools, shafts, 

ball bearings, turbine equipment, and petrochemical equip-

ment and much more (Yang et al., 2012; Cheng et al. 1988; 

Saha et al., 2020; Christopher et al. 2018; Dalmau et al. 2018). 

Martensite provides to stainless steel very high tensile 

strength up to 1100 MPa. Unfortunately, martensitic stainless 

steels are magnetic. The low chromium and other expensive 

alloying element content in chemical compositions of the mar-

tensitic stainless steels mainly is the reason them less costly 
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than the other stainless steels (El-Meligy et al., 2020; Liu et 

al., 2020; Seidametova et al., 2018, Führer et al., 2018). 

2. Experimental 

The research presented in this paper was performed on mar-

tensitic X55CrMo14 stainless steel plate t = 6.00 mm thick-

ness with chemical composition according to the EN 10088-

1:2014 Stainless steels - part 1: list of stainless steels.  

The specimens from plate t = 6.00 mm thickness was cut 

mechanically samples to size 36 x 10 mm (area of 13 cm2). 

Next the samples were polished with water paper successively 

form Ra = 0.32 μm to 0.40 µm, and cleaned by water and next 

by 95% C2H5OH. Corrosion tests were conducted in nitric acid 

65% pure-basic at temperature 348 K in time intervals: 48 h, 

96 h, 144 h, 192 h, 240 h, 288 h, 336 h and 384 h. After each 

of these time intervals, the samples were removed from the 

bath, washed with water, quenched and washed with alcohol 

to break the corrosion process. Mass losses after the corrosion 

process were determined using a KERN ALT 310-4 AM scale 

with an accuracy of 0.00001 g. 

Profile roughness parameters were analyzed by the Diavite 

DH5 profilometer for which the maximum length of the meas-

uring section is lt=15 mm.. By profile roughness parameters 

determined of: Ra - arithmetic average of absolute values 

[µm], Rp - maximum peak height [µm], Rq - root mean squared 

[µm], Rt - Maximum Height of the Profile [µm] for different 

corrosion time. 

The corrosion rate of X55CrMo14 steel measured in mm per 

year was calculated with the use of the below formula (1), 

measured in g·m-2 was calculated with the use the below for-

mula (2): 

𝑟𝑐𝑜𝑟𝑚 =
8760∙𝑚

𝑆∙𝑡∙𝜚
                 (1) 

𝑟𝑐𝑜𝑟𝑔 =
10000∙𝑚

𝑆∙𝑡
                (2) 

where:   

t – time of treatment in a corrosive solution of boiling nitric 

acid [hours], 

 S – surface area of the sample [cm2], 

 m – average mass loss in boiling solution [g], 

 ϱ – sample density [g/cm3]. 

The influence of 65% nitric acid on the X55CrMo14 mar-

tensitic steel corrosion resistance was investigated using 

weight loss. The mass of samples were measured by KERN 

ALT 3104AM general laboratory precision balance with ac-

curacy of measurement 0.0001 g.  The time range of research 

was: 48, 96, 144, 192, 240, 288, 336, 384 and 432 hours. 

3. Results and discussion  

The average chemical composition of the analyzed the 

X55CrMo14 steel is presented in Table 1. 

Table 1. average chemical composition of the analyzed X55CrMo14 

steel 

C Mn Si P S Cr Ni Mo V 

0.49 0.84 0.78 0.02 0.01 14,4 0.05 0,58 0.12 

The result of time influence the soaking the X55CrMo14 

steel in nitric acid at temperature 348 K on the relative mass 

loss (RML) with determination coefficient is presented in Fig. 

1 and its regression equation with determinations coefficient 

at (3). 

 

Fig. 1. Relative mass loss the X55CrMo14 stainless steel soaking in 

65% nitrate acid at 348 K 

RML = -2·10-06·t2 + 0.0013·t + 7.1603 (3) 

and r2 = 0.9956 

The result of time influence the soaking the X55CrMo14 steel 

in nitric acid at temperature 348 K on the corrosion rate in mm 

per year (rcorm) with determination coefficient is presented in 

Fig. 2 and its regression equation with determinations coeffi-

cient at (4). 

 
Fig. 2. Corrosion rate in mm per year the X55CrMo14 stainless 

steel soaking in 65% nitrate acid at 348 K 

rcorm = -8·10-07·t3 + 0.0006·t2 - 0.0631·t + 4.0138 (4) 

an r2 = 0.9856  

The result of time influence the soaking the X55CrMo14 steel 

in nitric acid at temperature 348 K on the corrosion rate in 

grams per square meter (rcorg) with determination coefficient 

is presented in Fig. 3 and its regression equation with determi-

nations coefficient at (5). 

rcorm = -8·10-07·t3 + 0.005·t2 - 0.0566·t + 3.6015 (5) 

and r2 = 0.9202 

During the first 48 hours of soaking in nitric acid, a slow 

weight loss (RML - Fig. 1) was noted as well as a slow in-

crease in the corrosion rate (Fig. 2 and Fig. 3). After extending 

the soaking time from 48 hours to 288 hours, the above pa-
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rameters increased rapidly. After exceeding 288 hours, the rel-

ative mass loss continues to increase, but less intensely, while 

the corrosion rate stabilizes at a comparable level. 

 

Fig. 3. Corrosion rate in grams per square meter the X55CrMo14 

stainless steel soaking in 65% nitrate acid at 348 K 

The regression equations and the coefficients of determina-

tion for Ra and Rq are presented in (6) and (7). 

 

Fig. 4. Ra and Rq roughness parameters the X55CrMo14 stainless 

steel soaking in 65% nitrate acid at 348 K 

Ra = 0.0572·t - 4.1615 and r = 0.9415  (6) 

Rq = 0.0699·t - 5.5856 and r = 0.9707  (7) 

The regression equations and the coefficients of determina-

tion for Rt and Rz are presented in (8) and (9). 

 

Fig. 5. Rt and Rz roughness parameters  the X55CrMo14 stainless 

steel soaking in 65% nitrate acid at 348 K 

Rt = 0.4438·t - 27.086 and r2 = 0.9862 (8) 

Rz = 0.3252·t - 12.631 and r2 = 0.9576 (9) 

Profile roughness of X55CrMo14 steel after corrosion tests 

in 65% nitric acid at temperature 348 K for 240 hours is pre-

sented in Fig. 6 and for 432 hours in Fig. 7. 

 

Fig. 6. Profile roughness the X55CrMo14 stainless steel soaking 

in 65% nitrate acid at 348 K for time 240 hours 

 

Fig. 7. Profile roughness the X55CrMo14 stainless steel soaking 

in 65% nitrate acid at 348 K for time 432 hours 

The difference between the Fig. 6 and Fig. 7 is visible in the 

size of the unevenness. It may indicate that the corrosion 

places were formed at the beginning of the process in places 

less resistant to nitric acid. Over time soaking alloy confirmed 

only roughness development was noted over time. Fig. 4 and 

Fig. 5, what confirm this view. After 144 hours soaking the 

X55CrMo14 steel in 65% nitrate acid at 348 K the surface of 

the steel (Fig. 8) is already degraded to a degree that could 

affect the facility operated. 

 

Fig. 8. Microstructure the X55CrMo14 steel after 144 hours soak-

ing in 65% nitrate acid at 348 K 

4. Conclusion 

Based on the results of the research, it was found that: 

• the tested steel with martensite microstructure has high 

resistance to nitric acid in the first period, 

• the tested steel, after exceeding the first corrosion period, 

quickly degrades, 

• the surface roughness of the steel increases to a certain 

level when reached and remains constant, 
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• there are correlations between the degree of corrosion 

degradation of the material and roughness, 

• a clearly accelerated increase in the corrosion rate and 

roughness of parameters after the initiation of the corro-

sion process was observed. On this basis, it was found 

that this steel is resistant to the environment of nitric acid 

only in the first for a very quite short period of time. 

When it is exceeded, the development of corrosion is 

rapid. 
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X55CrMo14不锈钢在348 K硝酸盐浓度为65％时的腐蚀速率研究 
 

關鍵詞 

钢  

不锈钢  

腐蚀  

腐蚀率 

轮廓粗糙度 

 摘要 

许多因素决定了机械性能，但也决定了物理和化学性能。最重要的之一是钢的微观结构及其工

作条件。在设计阶段可以避免在缝隙和尴尬的角落中发生一些腐蚀过程（低粗糙度参数，圆截

面和其他）。但是，建筑材料仍然会受到腐蚀。这些钢经常与基于硝酸的侵蚀性环境接触。不

锈钢越来越多地用于许多工业领域。 本文的目的是使用X55CrMo14级马氏体钢在硝酸65中的失

重和轮廓粗糙度参数研究不同时间（48、96、144、192、240、288、336、384和432小时）的

耐腐蚀性％纯碱在348 K的温度下。腐蚀试验表明，在硝酸中作为腐蚀环境的被测钢通过连续

腐蚀过程来表征，其测量方法可能是表面粗糙度。 

 

 


