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Abstract

Plasma immersion ion implantation (PII) process was utilized for the
surface mitriding of tool steels SKS3 and SKH51 respectively. Nitriding layer
accompanied with compound layer is usually formed afier PIII treatment. The
phase transformation and depth distribution of nitriding and compound layers
were analyzed with XRD and GDS. The depth profiles of hardness through layers
were performed with Vicker’s and Nano hardness tester. The distribution of
hardness in depth were used to discriminate the regions of compound layer and
nitriding layer. where the regions and their thicknesses were also identified and
estimated from SEM micrograph. Results show that the compound layer's
thickness and hardness increase with rising gas pressure. Nano hardness, Young's
modulus and fracture toughness were measured by nano indenter testing. Wear
topography was also provided by SEM. These results implied that low pas
pressure { e.g. 2.5 mTorr) process cannot form tight and thick compound layer.
Better mechanical properties of layers by PIII for both SKS3 and SKHS1 were
found at gas pressure of 3.5, 5.5 and 6.5 mTorrs, Friction coefficient of modified
SKS3 is decreased but SKH31 15 slightly increased after miriding modification.
Friction coefficient of both nitrided steel are slightly decreased with raising
Processing gas pressure.
Keywords: PIII nitnding process, nano hardness, compound layer, fracture

toughness, depth hardness

I INTRODUCTION

Plasma immersion ion implantation (PIII) has a good potential in the
application of industries, for example, for precision cutting tools, orthopaedics
{medical prostheses) or small and complex shape aero precision parts [1.2]. Many
researches indicate that chemical and mechanical properties (for example, wear
reduction and surface fatigue life prolongation) of material surface can be
improved by low energy ion implantation (100 keV)[3-5). Li et, al.[6] denote that
the implantation voltage and nitriding temperature affect the phase and
composition of nitriding layers, From Karaog (lu’s analysis [7], increasing the
nitriding temperature can make the nitriding layer transform from s-phase to
v'-phase under nitriding process. The anti-wear property and hardness of
nitriding layer increase with raising the y'-phase. Leineweber etc.[8] heated
nitriding steel to 530°C and maintained it for five hours, followed by annealing
to 357°C. They found that the total thickness of the nitriding layer (combination
of compound layer and nitnding layer) does not change, but the compound lay er
thickness becomes thinner. It gives that the s-phase steel (Fe2-3N) transforms to
" -phase (FedN) under annealing process. From the above information, the phase
transformation of nitriding steel has been thoroughly investigated. However, the
studies of mechanical properties for the compound and nitriding lay er, including
hardness and toughness. are few. Therefore, it is valuable to explore these
mechanical properties in order to promote the PIII function effectively.

II. EXPERIMENT

The PIII apparatus used for nitriding experiment is shown in Figure L.
Microwave penetrates into a vacuum chamber surrounded by magnetic field
produced by a set of electromagnets. Through the action of the well-known
electron cyclotron resonance (ECR) phenomenon, high ion density plasma is
obtained. Two kinds of tool steels, SKS3 and SKHSI, are chosen for PIII
nitriding treatments. The elemental compositions of them are listed in Tab. 1.
These specimens are polished down to 0.05 g m in finish, subsequently cleaned
by acetone, and then put on the specimen holder,  The mixture of nitrogen and
hydrogen gasses with flow ratio 1:1 is introduced into the chamber. Once the
plasma is initiated with ECR source, a high pulse voltage is applied at the
specimen holder, and nitrogen ions will be accelerated nto specimen.
Specimen’s temperature is always kept at 530°C durng the 2.5 hours PIII
nitriding process, and the mixed gas pressure used for this study vanes between
2.5-6.5 mTorr.

Table | Compositions of SK.83 and SKH51[9]

Figure 1 Sketch and photo of a PIII&N equipment.

1. RESULTS AND DISCUSSION

Mechanical properties and compositions of compound and nitnding lay ers

were studied. We can see the multilayer structure in the cross section of steel
sample, as shown in Fig.2, and the arrows marked in the picture distinguish the
region of each layer. The
approximate  thickness of
these layers are extracted and
listed in Tab.2. Layer A is the
compound layer (white layer)
and layer B and C are
nitriding layers. The
compound layer's thickness
of SKS3 increases
monotonically  with  gas P

P .b;fL the 4 '“‘“dmf Figure 2 SEM micrograph of SKH51 with
ipern fnemes ooy k. the processing gas pressure of 2.5 mTorr.

= A Compound
laver

Nitnding
layers

For SKHS51, the compound

Table 2 Layer tmcknesses of SKS3 and SKHS1 wt different gas
layer’s thicknesses increase

peessimes. (approximalely measure)

also SKH51. Their Gas Estimuted Thickness ( 1 m)
4 ra . T Pressure 1
intensities of diffraction | T Compound Laver A [Nunuhag Laver B Nuriding Laver C
eaks do not change + : . |
Peats iyt ey mae | | SKS3 | SKHSI | SKS3 | SKHS1| SKST [SKHSI|
apparently with varying gas X [X] D74 | 332 | 400 | §53 | 8%
pressures. The composition 35 06 | 16 | 164 | 47 | 13 |
of each nitriding layer has 45 [ am | 3 | 157 (82 | o
been obtained from the 55 | 09 | 1 179 | 186 | 618 | ©
102 1.63 19 185 6l 0

analyses of XRD and &3
GDOS. Figure 3 (a) and (b) show the results of XRD for SK53 and SKH51 steels,
respectively. Two components, Fe; (N and Fe,N, appear in SKS3, and SKHS1.
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Figure 3 Crystal phase structures at different processing gas pressures by XRD
analysis for (a) SKS3.(b) SKH51.
Figure 4 shows results of atomic ratio of nitrogen (analyzed by GDOS)
and hardness in depth of these two types of steels. The atomic ratio of nitrogen
and hard decrease with increasing depth. Comparing among SEM

C (%) Si(%a) Mn(") | W(%) | Cr(%) | Fe
SKS3 0.9-1.05 [0.15-0.35]| 0.8-1.1 1.2-1.6 |0.9-1.2 | Bal
SKII51 0.8-0.9 0.2-0.45 10.15-0.4]5.5-6.75 | 3.8-4.4 | Bal

micrograph in Fig. 2, the phase structures in Fig. 3. distributions of atomic ratio
of nitrogen in Fig. 4, we can divide the depth into four regions. Region A is a
compound layer, and its main composition is &-Fe.sMN. Region B and C are
nitriding layers, and their compositions are v-Fe,N and '-Fe,N+a-Fe,
respectively, Also the hardness in depth decreases along with the atomic ratio of
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