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CHROME ALUMINIZED LAYERS WITH PARTICIPATION

OF TITANIUM NITRIDE ON STEEL 12Kh18N10T

V. G. Khizhnyak,1 M. V. Arshuk,1 and T. V. Loskutova1

Translated from Metallovedenie i Termicheskaya Obrabotka Metallov, No. 4, pp. 45 – 49, April, 2016.

The possibility of deposition of multilayer coatings with regions of titanium nitride on the surface of steel

12Kh18N10T by physical precipitation from a gas phase followed by diffusion chrome aluminizing is shown.

The phase and chemical compositions, the thickness, and the microhardness of the coatings are determined.

The TiN nitride is shown to exhibit barrier properties and to lower the diffusion penetration of chromium and

aluminum into the matrix and of iron and titanium into the coating under subsequent chrome aluminizing.

Key words: steel 12Kh18N10T, chrome aluminizing, titanium nitride, barrier layer.

INTRODUCTION

Austenitic steel 12Kh18N10T with moderate strength,

high ductility and good corrosion resistance has found wide

application in various branches of mechanical engineering

[1, 2]. By raising the wear resistance and refractoriness of its

surface layers we will obtain a new material with high pro-

perties mentioned and strength, ductility and corrosion resis-

tance typical for steel 12Kh18N10T. We should say that it is

virtually impossible to obtain a monolithic material with

such properties by the known methods.

Today, the most widely used coatings consist of carbides,

nitrides, and intermetallics. Titanium-, chromium- and alu-

minum-base coatings deserve special attention [3 – 6].

Coatings deposited by various methods possess specific

leading properties, i.e., wear resistance, corrosion resistance

or high-temperature strength. The high-temperature strength

may be advanced by creating oxidation-resistant layers on

the external surface of the coating [3, 7, 8]. Examples of such

protective layers are silicon oxides on molybdenum disilici-

de or alumina-base layers on refractory alloys [7, 8].

Oxidation at high temperatures is accompanied by inter-

action between the coating and the substrate due to diffusion

of substrate atoms into the coating and of elements of the

coating into the substrate. The lower the rate of the diffusion

processes the steadier the coating – substrate composition [6].

It should be noted that in many cases the formed barrier

layer possesses properties matching the main functions of a

coating and promotes growth in the wear resistance, corro-

sion resistance and refractoriness of the articles [9 – 11]. It

has been shown in [10] that coatings based on carbides of

transition metals of groups IV-VI of the periodic system may

be deposited on structural and tool steels and hard alloys.

The articles with carbide coatings have exhibited stability

under the action of aggressive environments, sliding friction

without lubrication, cavitation and cutting of metals [10].

The high operating properties of carbide and nitride coatings

are a result of the combination of the characteristics of these

compounds, in particular, of the considerable hardness, cor-

rosion and heat resistances, and the presence of barriers in

their structure, which are formed directly by carbide or

nitride layers. Titanizing of carbon steels U8A, U10A, alloy

steels 9KhS, KhVG, ShKh15, and hard alloys VK8 and

T15K6 produces barrier layers based on TiC titanium car-

bide; vanadizing produces coatings based on VC and V
2
C

vanadium carbides, chromizing produces coatings based on

Cr
7
C
3
and Cr

23
C
6
chromium carbides [10]. Multilayer coat-

ings of TiC, TiN, Al
2
O

3
formed on steels and hard alloys by

the method of chemical deposition from a vapor phase ex-

hibit high wear resistance. The barrier functions are played

by the composition of TiC and TiN, and the wear resistance

is provided by the Al
2
O

3
layer [9, 11]. The coatings on hard

alloys with such arrangement of layers from the substrate to

the surface possess high heat resistance, chemical stability,

and resistance to formation craters on the cutting surface of

tools [9, 11].

Diffusion titanoaluminizing of nitrided carbon steels and

hard alloys yields on their surface multilayer coatings with a
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TiC, TiN barrier composition and external layer based on

Al
2
O

3
[12 – 14]. Thus, we may state that the barrier layers of

TiN, TiC and the alumina layer lower the interaction between

the coating and the substrate and between the coating and the

ambient and play an important role in elevation of the protec-

tive properties of coatings.

We have mentioned already that the high-temperature

strength of metals can be raised by alloying their surface

with aluminum, silicon and chromium [2, 3]. It has been

shown in [3, 15] that the properties of the coatings obtained

by two-component saturation are superior to those of the

one-component coatings. The idea of deposition of a two-

component refractory coating containing chromium in addi-

tion to aluminum is quite obvious. Diffusion saturation with

chromium and aluminum is conducted with the help of dif-

ferent processes of which the powder methods are the most

popular [3, 15]. Complex saturation with chromium and alu-

minum raises the diffusion mobility of chromium, especially

in austenitic steel 12Kh18N10T. Aluminum dissolves in the

austenite during thermochemical treatment, which promotes

a � � � transformation and thus creates favorable conditions

for the diffusion of chromium into the substrate.

Recent reports on deposition of coatings on steel

12Kh18N10T deal primarily with the structure and proper-

ties of layers obtained by known techniques [3, 6, 15]. Data

on formation of barrier structures in the coatings are scarce

[13, 14]. We may expect that the further search of new wear-

and corrosion-resistant refractory materials with advanced

properties should be directed at creation of multicomponent

coatings combining high refractoriness and hardness of some

layers with barrier properties of other layers.

The aim of the present work was to study the phase and

chemical compositions, structure and properties of chromo-

aluminized steel 12Kh18N10T with a preliminarily depos-

ited layer of titanium nitride.

METHODS OF STUDY

We studied specimens of steel 12Kh18N10T of the fol-

lowing chemical composition (in wt.%): 0.12 C, 18.0 Cr,

10.0 Ni, 0.6 Ti.

Chromoaluminizing of steel 12Kh18N10T was per-

formed by the powder method in containers with fusible clo-

sure under reduced pressure. The initial mixture contained

powdered chromium (46 wt.%), aluminum (10 wt.%), am-

monium chloride (4 wt.%) and alumina (40 wt.%). The pro-

cess of chromoaluminizing was conducted at 1050°C for 2 h.

A part of the specimens of steel 12Kh18N10T was coated

with TiN titanium nitride prior to the chromoaluminizing

physical deposition from a vapor phase in a VU1B unit. The

thickness of the layer of titanium nitride on the steel was

5.0 – 6.0 �m. The coated specimens were studied by x-ray

diffraction, microscopic x-ray spectrum and metallographic

analyses and measurement of the hardness.

RESULTS AND DISCUSSION

The phase and chemical compositions, the structure and

some properties of the studied chromoaluminized coatings

and of the coatings chromoaluminized with a layer of TiN

nitride are presented in Table 1 and in Figs. 1 and 2. By the

results of the x-ray diffraction analysis the lattice constant of

the titanium nitride deposited onto the surface of steel

12Kh18N10T is equal to 0.4249 nm. It is somewhat less than

the lattice constant of monolithic TiN with stoichiometric

composition [16, 17]. It is known [16], that the lattice con-

stants of interstitial phases in coatings are commonly greater

than in massive specimens. As a rule, this is associated with

the presence of residual stresses and grains of specific sizes

in the coating and impurities in the nitride [16]. Closeness of

the TiN phase to the stoichiometric composition is confirmed

by the results of the metallographic analysis. The layer of the

TiN nitride deposited on the surface of steel 12Kh18N19T is

colored golden yellow on the surface and in the transverse

lap under a light microscope, which matches the color of

stoichiometric TiN.

The lattice constant of the TiN phase after chromoalu-

minizing degreases insignificantly as compared to the initial

value. This is explainable by the low additives of iron and

chromium, the atomic sizes of which are less than the atomic

size of titanium. The color of the TiN layer in the transverse

laps under the light microscope remains golden yellow. It

should be noted that the chromoaluminizing has virtually not

affected the thickness and the microhardness of the TiN layer

(see Table 1).

A layer-after-layer x-ray diffraction analysis of the

chromoaluminized steel and of the steel chromoaluminized

with a layer of TiN has shown that both kinds of coating con-

tain an Al(Fe, Cr) intermetallic on the external side and a

neighboring layer of AlFeNi. In accordance with the results

of the x-ray diffraction analysis and with the Al – Fe – Cr

and Al – Fe – Ni phase diagrams, these compounds have an

ordered structure of type CsCl [18 – 23]. The diffraction pat-

terns of the layers of the AlFeCr and AlFeNi compounds

have a superstructural maximum (100), which indicates or-

dering of the structure (see Table 1).

The layer directly adjoining the substrate is represented

by an aluminum solid solution in �-iron. This solution bears

nickel and chromium from the substrate. The crystals of

Fe
�
(Al, Cr, Ni) in the diffusion zone have a characteristic co-

lumnar shape. The crystals of Fe
�
(Al, Cr, Ni) appear in the

austenite as a result of a � � � transformation after the at-

tainment of limiting solubility of aluminum in the austenite.

The motion of the Fe
�

� Fe
�
boundaries from the surface

into the depth of the specimen is accompanied by growth of

the columnar crystals of the Fe
�
-phase in the same direction.

The thickness of the Fe
�
(Al, Cr, Ni) layer in the chromo-

aluminized coatings on the steel with a layer of TiN is much

lower than in the chromoaluminized coatings (see Table 1).

The concentration of aluminum in the layer of Fe
�
(Al, Cr, Ni)

232 V. G. Khizhnyak et al.
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Fig. 1. Microstructure (a) and distribution of Al (b ), Ti (c), Cr (d ), Fe (e), and Ni ( f ) on the surface of steel 12Kh18N10T after

chromoaluminizing (h is the distance from the surface).

TABLE 1. Phase Composition and Some Properties of Coatings on Steel 12Kh18N10T

Treatment
Phase composition

of the surface
a, nm B, �m HV, GPa Po, mm – 2

Physical deposition of TiN layer on the steel TiN 0.4249 4.5 – 5.5 21.0 0.15

Fe
�

0.3587 Substrate 1.5 – 1.8

Chromoaluminizing (t = 1050°C, � = 2 h)
* AlFeCr 0.2901 25.0 5.8 – 6.2 0.95

AlFeNi 0.2897 27.0 5.6 – 5.2

Fe
�
(Al, Cr, Ni) 0.2931 110.5 4.6 – 2.0

Chromoaluminizing of the steel with TiN layer

(t = 1050°C, � = 2 h)
*

AlFeCr 0.2914 5.0 5.0 – 5.8 0.13

AlFeNi 0.2916 10.0 6.2 – 6.8

TiN 0.4244 5.5 – 6.5 20.5

Fe
�
(Al, Cr, Ni) 0.2933 62.5 4.2 – 2.0

*
The surface bears traces of Al

2
O
3
: a = 0.4845 nm; c = 1.2998 nm.

Notations: a) lattice constant; B ) thickness of coating; HV ) microhardness; Po ) porosity.



near the external boundary in the coatings with TiN is almost

twice lower than in the chromoaluminized ones and is virtu-

ally the same at the Fe
�

� Fe
�
boundary (Fig. 1).

Analysis of the results of the microscopic x-ray spectrum

analysis allowed us to determine the effect of the TiN layer

on steel 12Kh18N10T and on the distribution of elements in

the coating after diffusion chromoaluminizing (Fig. 2).

The distribution of the saturating elements and of the ele-

ments of the substrate in coatings of the two types has much

in common. At the same time, the influence of the TiN layer

manifests itself in growth in the concentration of aluminum

and chromium on the external side of the chromoaluminized

coating, decease in the concentration of iron, and virtual ab-

sence of titanium.

The metallographic analysis gave us the structures of the

two types of coating on steel 12Kh18N10T (diffusion

chromoaluminized and chromoaluminized with a layer of ti-

tanium nitride). The phase composition of the external zone

of compounds is the same in both types of coating. This zone

contains layers of AlFeCr and AlFeNi compounds of a light

gray color with a well manifested interface. The layer of

Fe
�
(Al, Cr, Ni) on the interface with the substrate has poorly

developed internal and external boundaries (the external in-

terface with the TiN layer and the internal interface with the

substrate).

The mechanism of formation of chromoaluminized coat-

ings on the steel with a layer of TiN presents some interest

with respect to the mechanism of formation of chromoalu-

minized coatings. In the process of chromoaluminizing of the

steel with a layer of titanium nitride only one of the saturat-

ing elements (aluminum) diffuses through the layer of TiN.

At the same time, the iron and nickel elements from the sub-

strate do penetrate to the surface through the layer of TiN.

The TiN layer blocks virtually fully the motion of only one

element of the substrate, i.e., titanium, to the surface. The ex-

ternal zone of the coating forms through extraction of the

234 V. G. Khizhnyak et al.
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Fig. 2. Microstructure (a) and distribution of Al (b ), Ti (c), Cr (d ), Fe (e), and Ni ( f ) on the surface of steel 12Kh18N10T with

deposited layer of TiN after chromoaluminizing (h is the distance from the surface).



elements of the substrate through the TiN layer by the alumi-

num and chromium atoms adsorbed by the surface and sub-

sequent formation of a layer of Al(Fe, Ni) and Al(Fe, Cr)

compounds.

Today we know of two mechanisms of formation of new

phases under reactive diffusion in the process of thermoche-

mical treatment. According to one of them, the chemical re-

actions yielding compounds occur directly on the interface of

the metal and the saturating environment. Such a reaction

may be treated as a primary process of reactive diffusion

(V. Z. Bugakov). A new phase forms as a result of the action

of the forces of chemical interaction of the reacting elements.

This may produce a thin (monatomic) layer of a compound.

Then the thickness of the layer grows due to the diffusion

supply of iron and nickel from the substrate through the TiN

layer and through the layer of the new phase and of chro-

mium and aluminum from the saturating environment [21].

The other mechanism of reactive diffusion involves a

stage of necessary attainment of limiting solubility upon the

arrival of the diffusing elements from the external environ-

ment. This creates conditions for formation of a phase which

is in equilibrium with the solid solution in accordance with

the phase diagram (D. A. Prokoshkin). However, the essence

of the process is determined not by the chemical reactions on

the surface but by the oversaturation of the initial solution

(chromium- and nickel-alloyed austenite) [21].

Thus, we may assume that the coating forms under

chromoaluminizing of steel 12Kh18N10T with a TiN layer

by the mechanism of V. Z. Bugakov, while in conventional

chromoaluminizing it forms by the mechanism of D. A. Pro-

koshkin [21].

The multilayer coatings deposited in the present work on

steel 12Kh18N10T with participation of TiN titanium nitride

deposited by physical precipitation from vapor phase prior to

the diffusion chromoaluminizing possess phase and chemical

compositions, structure and microhardness, which make

them appropriate for operation in aggressive environments

under the action of high temperatures and friction.

CONCLUSIONS

Diffusion chromoaluminizing of steel 12Kh18N10T with

a layer of TiN nitride deposited onto its surface produces

coatings where the TiN layer performs barrier functions. The

TiN layer hinders the diffusion penetration of chromium and

aluminum into the substrate and of iron and titanium from

the substrate into the layers of compounds of ordered AlFeCr

and AlFeNi phases.
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