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IMPROVING THE SURFACE QUALITY OF 

STAINLESS STEEL X18CR10NI BY 

DEPOSITION OF CHEMICAL NICKEL 

COATING 
 

Abstract: The stainless steels, as a constructive materials, 

have found a wide range of applications in production for 

many machine components or equipment. The chemical 

resistanse of those steels to oxidation usually is satisfactory, 

while the hardness values are not on the high level. So, the 

wearness characteristics for commom stainless steels are 

poor. On of the useffull production method for improving the 

surface quality is chemical nickel deposition of thin coatings. 

 For used steel, X18Cr10Ni, the initial hardness was not 

more than 195HV, throught the cross section of an axis. Such 

low hardness was a reason for large wearing the surface of 

an axis, which in this case is used at an apparatus for 

mixing&production of the dye. The wearing of this axis is also 

the problem in maintenance, indeed. Here is presented one 

successful attempt for repairing of partially worn a small axis 

(≈Ø18x260). The repairing is performed by deposition of 

chemical nickel, about 25μm by the side. The quality of this 

coating is checked by hardness measurement (before and 

after deposition) and the surface roughness (Ra). The greater 

hardness of chemical nickel coating (Ni-P-B), about 520HV, 

in regard to parent metal (195HV), is however an advantage 

in servicing conditions, as well as the high corrosion 

resistance of used coating. 

Keywords: worn axis, stainless steel, surface roughness, 

repairing, chemical nickel coating 
 

1. INTRODUCTION  
 

For many applications the stainless steel is 

available as a constructive material, so does for 

producing of an axis in equipment for dye 

mixing. Such axis could be made from a variety 

of stainless steels, in this case is used - Č4580 

(X18Cr10Ni) steel, which posses satisfied 

corrosion resistance but pretty small resistivity 

on wear. The axis which has to be repaired was 

in service, so the initial dimensions & 

deformations were changed. In many cases the 

metalization by using spraying technique or 

similar welding technologies simply were not 

acceptable, because the high working 

temperatures (above 16000C) of such processes. 

The low temperature in repairing will be, no 

dubt, an advantage. The chemical nickel 

deposition is provided at low temperature 

(below 850C), so during repairing process the 

dimensions of the treated machine component 

will not be enlarged. The temperature 

differences between metalization and chemical 

nickel processes are remarkable. 

The low deposition temperature is not the 

only advatage of chemical nickel coating. The 

substrate in this experiment was a kind of 

stainless steel, as asigned above. The hardness 

of this coating is more than twice larger than 

the hardness of used stainless steel, and that 

fact has the great influence of wearing 

properties. The next advantage of used coating 

is expecting in smaller surface roughness than 

the initial roughness. 

The technology of chemical nickel coating 

is available over decades, but this method was 

not yet found the wide application(s) in Serbia. 

So, it is an extra reason for explanation of using 

of this promising technology for repairing and 

prolonging the servicing life, at the same time 

for reducing the activities in maintenance, at 

any working shop.  

It is worthy to underline that chemical 

deposition as method for surface treating 
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became applicable for other metals, such as 

copper, aluminum, tin, gold, etc. As a substrate 

materials could be used both ferrous- and 

nonferrous metals. Here is reported an 

experience in chemical nickel deposition on the 

stainless steel. 

2. AXIS FOR REPAIRING  
 

The axis used for such repairing was build 

up in a mixer for dye production. The main 

dimensions of this axis are shown in Figure 1.  

 
Figure 1 - Drawing of axis to be repaired 

 

 It is expected that in service the axis 

should be resistant against corrosion, so the 

stainless steel X18Cr10Ni (<0,07%C, ≈18%Cr i 

≈10%Ni) is chosen, but this steel does not 

posses a high mechanical properties. The 

hardness values are on the level about 180-

195HV, and the yield point also has not high 

value. The toughness of this steel is on satisfied 

level, while the antiwear properties were not. 

This fact, the low antiwear property, is the main 

reason for fast degradation of the surface of 

used axis. 

The used axis was in service, when its 

surface partially is damaged, it means worn out 

with local pittings. The roughness of used axis 

is of course enlarged in comparison to the 

initial state, but it was not known in details. 

The roughness is standardized 

characteristics of the surface, and usually is 

exressed as a mean value Ra, in many 

(inter)national standards and also by SRPS 

M.A1.020. Before th chemical nickel coating is 

applied, the roughness is measured on the axis 

which was in service. The roughness is 

measured on the professional apparatus Taylor-

Hobson, at the distance about 15mm from the 

every end of the axis. Such obtained values of 

roughness are shown in Table 1.  

 

Table 1. Surface roughness of used axis, before 

coating is deposited 

Position, according to Fig. 1. Ra 

Left side (Ø 18mm) 0,56μm 

Right side (Ø 20mm) 0,45μm 

 

The servicing conditions were produced 

different wearing of an axis, even an 

appearance of small pittings. NOTE: The 

extreme damages, when some pittings achieved 

the depths from 5 to 20 μm, were exluded in 

this survey. 

 

 

3. PREPARING OF AXIS FOR 

DEPOSITION 
 

The axis was not regrinded before 

deposition, normally is degreased and 

electrolitically activated for a few seconds for 

better deposition, exactly for improving the 

adhesion properties of the coating. Threads M5 

(inner) and M12 (outer) were protected against 

the nickel deposition. The deposition is 

provided in a water-heated bath. The pH value 

of the solution for chemical nickel deposition is 

kept in range 8-9, and temperature of the 

solution was in range 85±50C. Deposition time 

was 25min. The axis in a period of deposition is 

kept in vertical position. The chemical reaction 

for deposition of the coating is followed by 

hydrogen liberation. [3,5,10], as one of the 

main characteristic of chemical nickel reactions 

during deposition. 

 

 

4. RESULTS AND DISCUSSION 
 

The thickness is measured as a difference 

of diameter dimensions before and after 

depositions. So, in process of chemical nickel 

deposition is achieved the depth of the coating 

on the level of 23±2μm. Those data are chosen 

on the basis of the long time experience in this 

field, and also on the basis of metallographic 

examinations in coating technologies.  
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 The hardness values of obtained 

chemical nickel coating is measured by using a 

micro Vickers scale with load of 250g 

(HV0,25). REMARK: The higher values of 

loads are not allowed, for avoid the destroying 

of coating. In this experiment the 

microhardness values of the chemical nickel 

coating were achieved about 510 to 

540HV0,25. It is well known that hardness 

represents one of the main characteristics of the 

quality, not only for the material but also for 

the machine component. 

 After applying the deposition, the 

surface roughness is changed, and those results 

are presented in Table 2.  

 

Table 2. Surface roughness at axis after 

coating deposition  

Position, according to Fig. 1. Ra 

Left side (Ø 18mm) 0,48μm 

Right side (Ø 20mm) 0,39μm 

 

The results of roughness at some extreme 

pittings also were not considered after 

deposition is provided.  

 The deposition of an anticorrodive 

layer on the stainless steel surface, however, is 

not a common or frequently case in the praxis. 

Even more, at the first look, the protection of 

the stainless steel from the corrosion attack 

seems to be an undesirable step. But, there are 

situations when the wear properties of used 

material are on the pretty low level, and the 

protection of surface at such machine 

component (as here the axis) is reasonable, 

instead of making the new component.  

 Here is on the one small axis made 

from stainless steel X18Cr10Ni deposited the 

thin coatings (about 25μm) on the nickel basis. 

Exactly, the coating is an alloy. The 

composition of such coating belong to system 

Ni-P-B. The nickel metal, serves as a 

antocorrodive media while the boron provides 

the greater hardness of an alloy. Phosphorous in 

deposited alloy (Ni-P-B) provides a low friction 

coeffitient, which is one valuable property in 

engineering, however [1,3]. 

 The obtained hardness (up to 

540HV0,25) of the layer is too larger in 

comparison to the initial hardness of used 

stainless steel. Such remarkable increasing of 

the hardness will be pretty well protection 

against the wearing of the axis.  

 Another property which is of the 

great importance for the surface quality of any 

machine component is the corrosion resistance. 

The corrosion resistance of deposited layer (Ni-

P-B) is on high level [5,11], is better than at 

used stainless steel X18Cr10Ni. This fact is, 

however, of an extra importance for servicing 

life of any machine component. In this case, an 

axis with layer has shown a prolonged servicing 

life than uncoated axis. 

According to the literature data [1,3,5], the 

friction coefficient of the used layer is smaller 

than stainless steel X18Cr10Ni. This property 

enables the decreasing of wearing the surface.  

 Another technologies which are 

available for surface treating [9-12] are not so 

efficient as used technology of chemical nickel 

deposition. The technologies for chemical 

deposition are, however, available for 

deposition of some alloys from another systems 

[1,4,12]. 

 

 

5. CONCLUSION 
 

It seems unnecessary to deposit an 

anticorrosive layer on the stainless steel. The 

surface quality here is discussed through the 

surface roughness, hardness and friction 

coefficient. On the basis of proveded 

experiment next conlussions may be 

established: 

 The quality of the surface of stainless steel 

X18Cr10Ni, from which is made one 

small axis, was poor when the wearing is 

considered; 

 Deposited layer in thickness 23±2μm  

from Ni-P-B system has provided higher 

hardness (510 to 540HV0,25) than parrent 

material, stainless steel X18Cr10Ni (180-

195HV);  

 Deposited layer also has shown smaller 

roughness than parent material, from 

initail value of 0,56μm and 0,46 μm to 

0,46μm and 0,35μm, after deposition, 

measured as Ra,  

 The longer servicing life is recorded with 

coated axis in comparisson to uncoated 

stainless steel, and  

 The surface quality generally significantly 

is increased after deposition of the layer 

from Ni-P-B alloy in comparison to bare 

stainless steel X18Cr10Ni. 

 The geometry or shape of treated 

component for chemical deposition of 

used layer does not represents any 

difficulty. 
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