
Chapter 12

Composite Coatings Formed by Complex
Methods of Surface Hardening

Andrew Stetsko

12.1 Introduction

The chemical heat treatment of surfaces of machine parts is an effective method for

generating appropriate surface-hardened layers [1]. To change these characteristics,

another technological effect can be applied simultaneously or sequentially with

chemical–thermal treatment [2, 3]. This provides a comprehensive treatment of

hardened surface layers’ required parameters.

Objective: To develop a new method of surface hardening, providing the required

quality characteristics of machine parts and tools.

12.2 Materials and Methods

To harden a surface or restore machine parts, a complex method of chemical

treatment and plating diffusion is offered [4–8]. It is prepared first by deposition

on the surface of renewable details of Ni-Co-P chemical coating in defined aqueous

solution formulations and adopted by diffusion chromium plating modes. As a

result of recovery on the workpiece, a surface diffusion layer is formed. Its structure

(depending on the mode of the applied method) consists of several zones, which

are working with the external composite zone, which reaches 250 μm. During the

recovery process, universal equipment available in the workplace is used in the

complex method.
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Chemical treatment (Table 12.1) is applied to the surface details of the prelim-

inary machining, and is followed by cleaned, degreased, chemical deposition in an

aqueous solution of a particular recipe. Due to the increased chemical deposition

load the process lasts 45 min. The obtained result is a Ni-Co-P amorphous-type

chemical coating with thickness of 8–12 μm.

Chemical–thermal treatment—diffusion plating is carried out at a temperature of

1050 �C. The detail is placed in a retort with a powder mixture of ferrochrome,

aluminum oxide, and ammonium chloride and a consumable sealed gate. To form

the desired diffusion layer structure, isothermal aging at 700 or 800 �C with a

duration of 1 or 1.5 h is used.

Compared with the traditional chrome diffusion, which is made up of hardened

layers of thickness 15–30 μm, consisting of chromium carbides Cr23C6 and Cr7C3,

after a complex method of chemical treatment and recovery the chrome diffusion

layer is formed by diffusion (Fig. 12.1), which for medium and high carbon steels

Table 12.1 Composition

of Chemical Sedimentation

Recipes

Chemical Element #1 #2 #3 #4 #5

CoCl2 (g/L) – 15 15 30 –

NiCl2 (g/L) – 30 30 30 –

Na3C6H5O7 (g/L) 84 100 100 80 –

NaH2PO2 (g/L) 30 20 60 10 25

NH4Cl (g/L) – 50 50 50 50

CoCO3 (g/L) 7 – – – –

CoSO4 (g/L) – – – – 30

NiSO4 (g/L) 15 – – – 30

CH3COONa (g/L) – – – – 100

H2SO4 (g/L) 15 – – – –

NH4Cl (mL) 90 60 60 60 50

Fig. 12.1 The structure of

the diffusion layer after

diffusion saturation Cr: 1—
chromium carbides in solid

solution Cr in α-Fe; 2—
solid solution Cr in α-Fe;
3—eutectoid layer; 4—
without carbon layer; 5—
inner part
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contains four zones: a composite outer zone consisting of columnar chromium

carbide matrix Cr solid solution in α-Fe thickness of 100–250 μm and integrated

microhardness of 11–15 GPa; an area solid solution of chromium in αFe 10–50 μm
thickness and microhardness of 4.5 GPa; an eutectoid zone thickness of 10–30 μm
and microhardness 4 GPa; and a carbonless zone thickness of 100–180 μm and

1.4–1.6 GPa microhardness for the ferritic component and core parts. Composite

structure zones can significantly increase the relaxation life because of the accu-

mulation in the course of internal microstresses in the soft phase—solid solution

of chromium in αFe, at a time when the main burden will perceive a solid phase—

grain columnar chromium carbide high hardness (up to 18 GPa).

12.3 Discussion

Particular attention to the diffusion layers is obtained on a complex method of steel.

With the implementation of regimes the complex method of chemical treatment and

plating diffusion of 5-h diffusion in chrome and 1050 �C 1-h isothermal holding at

700 �C we get the steel reinforced layer, which consists of four main zones

(Fig. 12.2). The outdoor composite zone 1 (thickness 100 μm), consists of packages

transkrystal micrograin chromium carbides. At the same time, there are grain

Fig. 12.2 The

microstructure of hardened

diffusion layer of chemical

Ni-Co-P coating for recipe

№2 and for the diffusion Cr

modes: isothermal holding

1 h at 700 �C, diffusive
saturation Cr 5 h at a

temperature of 1050 �C
magnification �600
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carbide inclusions, which are mainly located at the physical surface (closer to the

source of chromium).

Phase analysis conducted on these samples showed the presence of chromium

carbides Cr7C3 here and αFe (Table 12.1).
Schedule diffusion element distribution indicates the presence of a large number

of Ni-Co-P in the zone 2 solid solution of chromium in αFe (Fig. 12.3), indicating
active diffusion processes. Peak bursts of chromium content and, accordingly, a

sharp drop in the concentration of other elements in these areas indicate the

presence of colonies formed in the carbide composite zone.

Microhardness integrated composite samples of zone 1 are equal to 11 GPa

(Fig. 12.4). Here you can see colonies of solid carbide micrograins. There

micrograin carbide forms colonies in the source material.

After a comprehensive restoration parts made of steel with 0.45% C with

chemical coating, 7-h diffusion chrome (at 1050 �C), and isothermal holding hour

(with 800 �C) the morphology develops a diffusion layer composite zone structure

(Fig. 12.5).

The composite layer 1, a thickness of 250 μm, is a typical developed network

stretched to the physical surface of carbide grains, which are placed in a matrix of a

solid solution of chromium in αFe. On the border of zone 2, these grains fused into

a continuous strand of carbides. It is interesting that the carbide grains do not

completely permeate zone 1 and 30–50 μm do not reach the physical surface. The

integrated composite microhardness zone is 12 GPa (Fig. 12.6).
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Fig. 12.3 Diffusion concentration distribution of element diffusion layer of hardened diffusion

layer of chemical Ni-Co-P coating for recipe №2 and for the diffusion Cr modes: isothermal

holding 1 h at 700 �C, diffusive saturation Cr 5 h at a temperature of 1050 �C

148 A. Stetsko



Schedule distribution diffusion elements (Fig. 12.6) confirm that the surface

area of a solid solution of chromium in αFe, in which the diffusion element

concentration stabilizes, and peaks (above 50%) of the concentrations of chromium

(under falling concentration in these areas of other elements) by depth location

carbide grains (Table 12.2). The zone 2 homogeneous solid solution of chromium in

αFe content is characterized by high values of Ni (10%) and Co (up 3%). Thick-

ness zone 2 is on average 25–40 μm. Obviously, the nickel pushes carbon from the

Fig. 12.4 Hardness of

hardened diffusion layer of

chemical Ni and Co coating

for recipe №2 and for the

diffusion Cr modes:

isothermal holding 1 h at

700 �C, diffusive saturation
Cr 5 h at a temperature of

1050 �C

Fig. 12.5 The

microstructure of hardened

diffusion layer of chemical

Ni-Co-P coating for recipe

№3 and for the diffusion Cr

modes: isothermal holding

1 h at 800 �C, diffusive
saturation Cr 7 h at a

temperature of 1050 �C;
magnification �600
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subsurface zone, and the formation of elongated carbide grains is observed, which

are located on the border zones 1 and 2 toward the physical surface (Table 12.3).

The presence of the complex method of chemical treatment and the effect of

the liquid metal phase, which occurs as a result of this, and isothermal holding

allows a reinforcing ply to develop at a fairly great depth. The composite zone
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Fig. 12.6 Hardness of hardened diffusion layer of chemical Ni-Co-P coating for recipe №3 and

for the diffusion Cr modes: isothermal holding 1 h at 800 �C, diffusive saturation Cr 7 h at a

temperature of 1050 �C

Fig. 12.7 Diffusion

concentration distribution

of element diffusion layer of

hardened diffusion layer of

chemical Ni-Co-P coating

for recipe №3 and for the

diffusion Cr modes:

isothermal holding 1 h at

800 �C, diffusive saturation
Cr 7 h at a temperature of

1050 �C
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1 layer, which in detail friction pairs is working, reaches 250 μm, providing an

increased service life.

Phase analysis was performed on this sample twice through large unidentified

peaks, indicating the complex state of the presence of a stress-hardened layer,. But

there is definitely the availability of a large number of Cr7C3 and αFe.
The diffusion layer on the steel with 1.0% C (Fig. 12.8), obtained after a

complex method of implementation mode recovery is 7 h diffusion plating (with

1050 �C), the previous hour isothermal holding (at 800 �C) with chemical treat-

ment, characterized by a high volume content of chromium carbide grains in

composite zone 1. These grains are elongated to the physical surface shape, and

on the border with the zone 2 forming solid carbide with chromium carbide grains,

fused together. There is a visually observed difference between these types of

grains, according to the elongated grain carbide—a Cr23C6, and carbide fused

together—Cr7C3 (Table 12.4). The integrated composite microhardness zone 1

reaches 15 GPa (Fig. 12.9).

Some graphics division diffusion elements (Fig. 12.10), which is the depth that

reflects zone 1, shows a fairly even content diffusion of elements with small

vibrations, and only in the end zone; at the location of a solid carbide colony an

increase in chromium content (50%) was noticed, and accordingly a decrease in

concentrations of other elements. Content diffusion elements in zone 1 are rela-

tively high and there is stable zone thickness (excluding solid carbide locations near

the boundaries of zone 2). Homogeneous zone 2 Cr in solid solution Feα is

characterized by unstable thickness, and in places very close to zone 1 and/or

Table 12.3 Phase analysis of

hardened diffusion layer of

chemical Ni-Co-P coating for

recipe№3 and for the diffusion

Cr modes: isothermal holding

1 h at 800 �C, diffusive
saturation Cr 7 h at a

temperature of 1050 �C

# 2Θ d Phase

1 44,4 2,56 Unidentified

2 55,1 2,09 Unidentified

3 74,2 1,606 Unidentified

4 89,1 1,381 Unidentified

5 145,3 1,051 αFe (002)

Table 12.2 Phase analysis of

hardened diffusion layer of

chemical Ni-Co-P coating for

recipe №3 and for the

diffusion Cr modes:

isothermal holding 1 h at

800 �C, diffusive saturation
Cr 7 h at a temperature of

1050 �C

# 2Θ d Phase

1 56,75 2,41 Unidentified

2 65,3 2,12 Cr7C3

3 66,8 2,08 Unidentified

4 68,8 2,027 αFe (110)
5 88,9 1,625 Unidentified

6 105,8 1,43 αFe (002)
7 110,9 1,391 Unidentified

8 151,9 1,181 Cr7C3

9 155,8 1,171 αFe (112)
10 159,8 1,163 Cr7C3

12 Composite Coatings Formed by Complex Methods of Surface Hardening 151



zone 3. This model has a maximum content of Ni and Co in zone 2 (about 18% Ni

and Co 3%).

After the restoration of the complex by chemical processing and diffusion

plating on steel with 1.0% C in us, just as the steel with 0.45% C, characterized

traced all areas, including eutectoid zone 3. This difference appears to HCS. Phase

analysis, carried out twice showed that this layer presented chromium carbides

Cr7C3, Cr23C6, and α- and γ-iron.
Chart distribution diffusion elements (Ni, Co, P), shown in Figs. 12.3, 12.6, and

12.10, placed their increased concentration between the grains of chromium

Fig. 12.8 The

microstructure of hardened

diffusion layer on the steel

U10 of chemical Ni-Co-P

coating for recipe №4 and

for the diffusion Cr modes:

isothermal holding 1 h at

800 �C, diffusive saturation
Cr 7 h at a temperature of

1050 �C; magnification

�600

Table 12.4 Phase analysis of

hardened diffusion layer of

chemical Ni-Co-P coating for

recipe №4 and for the

diffusion Cr modes:

isothermal holding 1 h at

800 �C, diffusive saturation
Cr 7 h at a temperature of

1050 �C

# 2Θ d Phase

1 65,5 2,12 Cr7C3

2 67 2,075 γFe
3 68,8 2,027 αFe (110)
4 79,1 1,8 γFe
5 85,1 1,69 Unidentified

6 91,2 1,603 Unidentified

7 105 1,44 αFe
8 125,7 1,29 Unidentified

9 128,8 1,27 γFe
10 148 1,19 Unidentified

11 154 1,17 αFe (112)

152 A. Stetsko



carbides. For example, Ni, which despite increased strength and ductility simulta-

neously increases, the material is observed to increase it to 10%. Thus, the carbide

grains such as “wrapped” plastic material (Ni), which is well able to relax internal

stresses that occur when the parts are working, which increases the life of the parts,

constitute the refurbished complex method of chemical processing and diffusion

plating.
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Fig. 12.9 Hardness of hardened diffusion layer of chemical Ni-Co-P coating for recipe №4 and

for the diffusion Cr modes: isothermal holding 1 h at 800 �C, diffusive saturation Cr 7 h at a

temperature of 1050 �C

Fig. 12.10 Diffusion

concentration distribution

of element diffusion layer of

hardened diffusion layer of

chemical Ni-Co-P coating

for recipe №4 and for the

diffusion Cr modes:

isothermal holding 1 h at

800 �C, diffusive saturation
Cr 7 h at a temperature of

1050 �C
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12.4 Conclusion

Implementation of the complex chemical processing method and diffusion plating

to restore the machine parts enables gets diffusion layers that are different in

structure, thickness, and hardness.

The optimal method for recovering chemical processing machine parts is made

of structural steel with 0.3–0.6% C. On manufactured or remanufactured parts that

are made of steel 45, diffusion layers, the composite thickness of the outer zone

reaches 250 μm, and the integral microhardness of 12 GPa. The phase composition

composite zone consists of chromium carbides Cr23C6, Cr7C3, and α-Fe (002).
The complex method of chemical treatment and plating diffusion can restore

parts made of high carbon steel. The diffusion layer has a composite zone of highly

integrated microhardness (about 15 GPa) and thickness to 200 μm with tightly

spaced carbide grains. The phase composition composite zone consists of chro-

mium carbides Cr23C6, Cr7C3, and αFe (002).
Parts that are made of steel with 0.3–0.6% C operating under dynamic loads

should recover in modes that provide 5-h diffusion of chromium hour isothermal

holding at 700 �C. This enables restored diffusion layers, the outer composite area

of which consists of fine whiskers of chromium carbides in a Cr matrix solid

solution in αFe about 100 μm thick and integral microhardness to 11 GPa. The

phase composition of such layers are chromium carbides Cr7C3, αFe (110), and αFe
(002).
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