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The paper presents results of a study on abrasive wear resistance of die inserts for composite moulds used to press-
mould stampings from refractory materials, determined based on susceptibility to scratching with a diamond in-
denter. For the study, two inserts of high-chromium cast iron were prepared, of which one was provided with a ce-
ramic coating (60 % Al2O3 + 40 % TiO2) with a metallic interlayer (NiAlCrSi). Both layers were deposited by means of 
the Atmospheric Plasma Spraying (APS) method. The obtained scratch test results indicate that with the use of the 
same load force (20 N), die inserts with ceramic coating are characterized with less indenter penetration depth 
which should translate to higher resistance to abrasive wear.
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INTRODUCTION

In many cases, resistance to abrasive wear is one of 
the most important criteria adopted when materials for 
machine parts and tools are selected both in the design 
process and operating conditions. Replaceable inserts 
for metal dies used to press-mould stampings from re-
fractory materials are an example of such sensitive 
parts. The main factor causing degradation of the inserts 
and thus reduction of their service life, is the process of 
abrasive wear of the insert surface as a result of scratch-
ing it by grains of the raw mass of which the refractory 
half-products are press-moulded. The mass often con-
tains very hard particles, such as e.g. fused alumina 
(1842 HV0.5).

In most cases, the inserts are made from cold-work 
tool steels, e.g. NC6, NC11. Despite application of ad-
ditional thermal treatment processes methods (e.g. 
quenching and tempering up to hardness 60 - 61 HRC), 
the service life of such inserts remains unsatisfactory. 
This encourages to search of new technological pro-
cesses which would ensure significant improvement of 
the material’s resistance to abrasive wear.

Unconventional methods of improving resistance to 
abrasive wear include application of coatings with the 
use of plasma spraying methods. Among those most 
widely used, one may count ceramic coatings based on 
aluminum oxide with an addition of titanium oxide 
which, apart from high resistance to abrasive wear, are 
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characterized with high resistance to thermal load and 
corrosion [1 - 3].

In a number of published studies, resistance of a ce-
ramic coating to abrasive wear was assessed based on 
measurements of its hardness [4], indentation test re-
sults [5,6] or with a use of abrasive wear testing set-ups 
[3,7]. In this study, the susceptibility to scratching with 
a diamond indenter (scratch test result) was adopted as 
the measure of a die insert resistance to abrasive wear.

EXPERIMENTAL MATERIALS 

AND PROCEDURES

Die inserts used to press-mould stampings from re-
fractory masses were made out of high-chromium cast 
iron, chemistry of which is presented in Table 1. The 
inserts were rectangular prisms with dimensions 363 × 
99,5 × 15 mm.

Table 1  Chemical composition of the developed high-

chromium cast iron / wt.%

C Si Mn P S Cr
3,65 1,26 0,53 0,030 0,033 23,96
Mo Ni Cu B Fe
0,44 0,30 0,031 0,02 t.b.

One of the die inserts, before application of the in-
terlayer and the ceramic coating, was subjected to a pro-
cess of abrasive machining with abradant fed in the 
compressed air jet, to increase surface development and 
obtain better adhesion of the interlayer to the insert sur-
face. The used abrasive was NT 55 (75 - 82 % Al2O3, 9 
- 15 % SiO2, 1,5 - 4 % Fe2O3, 4 - 5 % TiO2), with grain 
size 150 - 250 μm. The abrasive blasting process was 
carried out at the nozzle inclination angle 45°.
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An example view of 3D surface after abrasive ma-
chining is shown in Figure 1.

The interlayer under the ceramic coating was depos-
ited with the use of NiAlCrSi powder with grain size 50 
- 180 μm (Figure 2a).

The ceramic coating was based on 60 % Al2O3 + 40 
% TiO2 powder (Sultzer Metco), with particle size rang-
ing from 20 to 80 μm (Figure 2b).

Both the interlayer and the top ceramic coating were 
deposited by means of the Atmospheric Plasma Spray-
ing (APS) method on with the use of spraying system 
by Sulzer Metco. A F4-MB-HBS burner was mounted 
on the arm of ABB model IRB 2400 robot. The device 
was equipped with two-hopper Twin-120-A/H powder 
feeder with volumetric control of powder feed rates.

Parameters characterizing the process of plasma 
spraying for NiAlCrSi interlayer and 60 % Al2O3 + 40 
% TiO2 ceramic coating are presented in Table 2.

The analysis of microstructure and chemistry for the 
cast iron and the ceramic coating with interlayer was 
carried out with the use of Vega 3 electron microscope 
(Tescan) equipped with INCA x-Act electron back scat-
tered diffraction system (Oxford Instruments).

Examination of resistance to scratching with a dia-
mond indenter (the scratch test) was carried out with the 
use of Revetest RST macro scratch tester (CSM Instru-
ments) at the following test parameters: Rockwell-type 
indenter C-281 with tip radius 200 μm; apex angle 
120°; load force 20 N. The scratch length was 1 mm. In 
the scratch test, values of the following quantities were 
determined: the friction force Ft, the friction coefficient 
μ, the acoustic emission index AE, and the penetration 
depth Pd.

RESULTS AND DISCUSSION

An example microstructure and results of pinpoint 
X-ray microanalysis of the high-chromium cast iron is 
presented in Figure 3.

Microstructure of high-chromium cast iron reveals 
both large and small carbide precipitates rich in iron and 

Figure 1  An example 3D surface map of a die insert after 
abrasive blasting

Figure 2  (a) A view of NiAlCrSi particles. (b) A view of 60 % 
Al2O3 + 40 % TiO2 powder (Sultzer Metco) particles

a) b)

Table 2 Parameters of the plasma spraying process

Parameter NiAlCrSi 
interlayer

60 % Al2O3 
+ 40 % TiO2 coat

Current intensity / A 550 550
Burner feed rate / mm/min 8 16
Argon output / l/min 55 55
Hydrogen output / l/min 15 15
Powder share / % 1 4
Powder carrier gas type 
and output / l/min Argon, 2,0 Argon, 2,5

Powder stirrer speed / % 90 90
Burner distance / mm 100 100
Cooling gas type and pres-
sure / bar Air, 6 Air, 6

Number of runs 2 8

Pkt
Element content / wt. %

Si Cr Mn Fe Ni Mo
1 - 55,97 0,44 32,65 - -
2 - 54,86 0,40 34,32 - 0,34
3 - 52,96 0,43 35,92 - -
4 - 46,11 0,44 41,27 - 1,19
5 - 45,36 0,45 40,05 - -
6 - 49,47 0,39 38,98 - 0,70
7 - 47,03 0,48 41,61 - 1,13
8 - 55,07 0,47 37,83 - -
9 - 45,91 0,47 40,10 - 0,74

10 - 42,47 0,33 38,81 - 2,31
11 1,42 12,24 0,49 77,00 0,42 0,35
12 1,47 12,02 0,47 78,79 0,34 0,40
13 - 54,33 33,79 33,79 - 0,36
14 - 46,77 41,35 41,35 - 0,76

Figure 3  Microstructure and results of chemistry analysis for 
the high-chromium cast iron
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chromium, containing also manganese and molybde-
num.

An example microstructure of a ceramic coating 
with an interlayer is shown in Figure 4.

Results of examination of susceptibility of the high-
chromium cast iron to scratching are presented in Fig-
ure 5.

Results of the scratching susceptibility test for the 
60 % Al2O3 + 40 % TiO2 ceramic coating deposited on 
the interlayer are presented in Figure 6.

The obtained results of the study indicate that in the 
case of ceramic coating, the depth of penetration of dia-

mond indenter is almost two times less than the indenter 
penetration depth in case of scratching surface of high-
chromium cast iron.

Results of examination of the scratch mark in com-
bination with measured values of the friction force, the 
acoustic emission, and the penetration depth indicate 
that passage of the indenter over the cast-iron die insert 
results in cracking of carbide precipitates.

Values of the friction coefficient are on the similar 
level to those observed with the coating applied. The risk 
of cracking involves mainly large carbide precipitates, 
regardless of their orientation with respect to the indenter 
motion direction. A jump in the acoustic emission value 
corresponds to an instant of carbide cracking. Small car-
bide precipitates show less susceptibility to cracking.

In case of scratching the ceramic coating, no indica-
tions of cracking were found which is an evidence of 
high resistance of the coat to abrasion.

CONCLUSIONS

Results of examination of susceptibility to scratch-
ing with a diamond indenter (the scratch test) show that 
application of a ceramic coating with an interlayer on 
disposable die inserts used to press-mould stampings 
from raw refractory materials should be a guarantee of 
much higher resistance to abrasive wear and extended 
service life of the product.
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