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Chemical vapor deposition (CVD)
Thermal reactive diffusion (TRD)
Carbide forming elements (CFEs)
X-ray diffraction (XRD)
Field emission scanning
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ABSTRACT
Carbide coatings, due to their excellent anti-wear properties, are used to extend the life of molds exposed to abrasion
forces. Various processes have been applied to produce carbide coatings. Thermo-reaction diffusion (TRD) using a
molten salt bath could be considered as an economical method compared to other coating processes. In this study
carbide-composite coatings using molten salt baths composed of oxides of carbide forming elements (chromium and
vanadium) on SKD-11 and T10 tool steels at 1000 °C were formed. The results showed that the coatings included
chromium carbide phases: CrC, Cr;Cs, and Cr23Cs as well as vanadium carbide: VC, VCyss, V6Cs, V3C, and a triple
phase with the composition of Cr,C,V. The highest hardness (1890-2020 HV) and the lowest coefficient of friction

(0.14) were achieved by the carbide coating of T10 steel with the second bath of vanadium oxide.

Keywords: Thermo-reactive diffusion, Chromium and vanadium carbide coatings, Molten salt bath.

1. INTRODUCTION

Among the steels that are widely used in the
molding industry, high carbon-high chromium
steels have excellent mechanical properties such
as high abrasion resistance [1]. Mechanical
damages such as abrasion and fatigue cause
cracks and fractures on the surface of molds [2].
So, ultra-hard and wear-resistant coatings are in
demand to extend the life of molds. Carbide,
nitride, and carbonitride coatings can be formed
by conventional physical vapor deposition,
chemical vapor deposition, and thermo-reactive
diffusion (TRD) [1,3]. The advantages of TRD
method over other methods include the excellent
adhesion strength of the coating to the substrate,
the formation of a uniform, continuous and dense
coating [1,3,4]. TRD is a diffusion process in
which the carbide forming elements diffuse from
the reaction chamber to the substrate [1,4].
Process time, salt bath temperature, the
composition of the salt bath, and the substrate are
factors affecting the growth rate of coating in the
molten bath [1,4]. In TRD process of molten salt
bath type, the constituents are a combination of

*: sajjadi@um.ac.ir

salt, carburizing agent(s), reducing agent, and
liquefaction agent [5]. Giinen et al. [6] investigated
the formation mechanisms of chromium carbide
and vanadium carbide composite coatings by two
types of oxide and metal molten baths. The results
showed that the distribution of vanadium carbide
phase in the base phase of chromium carbide for
the metal bath was more homogeneous.

In this study, it is tried to develop a chromium
carbide and vanadium carbide coating on the
SKD11 tool steel and T10 from two mixed baths
of chromium oxide and vanadium oxide and
another single bath of vanadium oxide. This
duplex-layer coating is expected to provide better
mechanical properties such as hardness and
abrasion resistance than those of the single-layer
coatings.

2. MATERIALS AND METHODS

In this research, SKD-11 and T10 tool steels were
selected as substrate materials. Two coating
processes were studied in the current work. In the
B1 process, the specimens were immersed in a
bath containing a mixture of chromium oxide and
vanadium oxide with a molar ratio of Cr to V 0.66
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Table 1. Experiment conditions and chemical composition of salt baths in wt. %.

Substrate Process Molten salt bath Na;Bs0; V205 Cr0; Al NaF T(CC) t(h)
SKDI1 B1 1% Bath  Cr/V:0.66 67.5 10.0 5.5 7.0 10.0 4
T10 ’ B2 1#Bath  Cr/V:0.66 67.5 10.0 5.5 7.0 10.0 1000 4
2" Bath  V:1 75.0 10.0 --- 50 10.0 6

Signal A = GBED
Phote No. = 595

Date :27 Apr 2010

EHT = 20.00 k¥ Wo= 4mm Tire :17:02:10

(@)

Signal A = GBS
Phota Na, = 608

Date :27 Apr 2018

EMT = 30,00 kv Time :17:20:57

W= #mm

(b)

Figure 1. FE-SEM images of coating layer during B1 process on a) SKD11 and b) T10 at 1000 °C.

at 1000 °C for 4 h to produce chromium carbide
and vanadium carbide, simultaneously. In the
second process, (B2) the samples were transferred
from the first bath to the second bath containing
vanadium oxide and remained in the bath for 6 h.
The test conditions and chemical composition of
the used baths are listed in Table 1. To
characterize the specifications of the coatings, an
X-ray diffraction device (XRD, model: GNR
Explorer), a scanning electron microscopy (FE-
SEM, model: ZEISS-Gemini500), an electron
probe micro-analyzer (EPMA, Jeol JXA-8230)
coupled with wavelength dispersive X-ray
analysis (WDX), a nanoindentation tester (G200
Nano Indentor, model: KEYSIGHT) and a
tribometer (model: CAR-UMT?2) were used.

3. RESULTS AND DISCUSSION

The composite-duplex carbide coating was
formed on the steel substrates. First, a lighter layer
containing the solid solution phase of iron-
chromium and chromium carbide was created on
the substrate and then, a darker layer of vanadium
carbide was formed on top of the layer. It should
be noted that in the joint of these two regions, a
thin layer composed of a triple combination of
carbon, chromium, and vanadium was produced.
For T10 steel substrate, the chromium carbide
layer was much thicker than the chromium
carbide layer formed on the SKD11 steel substrate
(Figure 1). This is due to the higher amount of
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alloy elements in the SKD11 steel than in the T10
steel. Since there are no alloy elements in the T10
steel, the coating layer was produced more easily
and quickly on the steel substrate. The presence of
more alloy elements in SKD11 acts as barriers
against the formation of the carbide layer. On the
other hand, the thickness of vanadium carbide
coating for the SKDI11 steel was more than
vanadium carbide coating on the T10 steel. The
reason for this phenomenon is attributed to the
chromium carbide coating on the T10 steel which
is so thicker than that on the SKDI11 steel. It takes
longer for the vanadium carbide layer to nucleate
and grow on the T10 steel than that on the SKD11
steel. As a result, at a constant time, the chance of
nucleation and growth of the vanadium carbide
layer on the T10 steel is less than that on the
SKD11 steel (Figure 2).

In the TRD process, high hardness was
obtained directly through the production of
transition metal carbides [7]. The results of micro-
hardness indentation for different baths are listed
in Table 2.

The results showed that the hardness of the
samples after immersion in the B2 process was
higher than that of the samples in the B1 process.
One of the reasons for the increase in hardness
value of the B2 samples compared to the B1 could
be the increase in coating thickness due to the
longer immersion time.
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(@)
Figure 2. FE-SEM images of coating layer during B2 process on a) SKD11 and b) T10 at 1000°C.

Mag =

(b)

Table 2. The micro-hardness of coatings obtained from various processes at 1000°C (in HV).

Substrate TRD process/Hardness
B1 (Cr/V:0.66) B2 (Cr/V:0.66,V:1)
SKD11 1725-1815 1780-1930
T10 1680-1880 1890-2020
4. CONCLUSIONS REFERENCES

For the SKDI11 steel substrate, the formed coating
consisted of chromium carbide phases, vanadium
carbides, and Cr,VC, and for the T10steel
substrate, the formed coating contained chromium
carbide phase, vanadium carbide phases, and a
tertiary phase.

1. The micro-hardness test showed that the
highest hardness (1890 and 2020 HV) of the
coatings was related to the T10 steel samples for
coating formed during process B2.

2. The best wear resistance and the minimum
amount of friction coefficient of the composite
coating layer of process B2 in T10 steel was 0.15.
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