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Electron beam surface remelting of AISI D2 cold-worked die steel
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Abstract

Electron beam surface remelting has been carried out on AISI D2 cold-worked die steel. The microstructure and hardening
behavior of the electron beam surface remelted AISI D2 cold-worked die steel have been studied by means of optical microscopy
and Vickers hardness testing. It was found that AISI D2 steel can be successfully surface hardened by electron beam surface
remelting. This surface hardening effect can be attributed to microstructural refinement following electron beam surface remelting.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction etc. Therefore, a lot of research work on the field
mentioned above has already been carried [@utl4].

AISI D2 steel is extensively used as cold-worked die In the present research, AISI D2 cold-worked die steel

due to its relatively good wear resistance. A significant Was irradiated by electron beam, then the microstructure

problem in application is the tendency toward wear and hardening behavior of the surface layer after treat-

when subjected to large pressure, bending, shock andnent was studied.

friction during its service. The reason for this failure is

related to the relatively lower surface hardness. By 5 Eyperimental details

modifying the surface, its properties may, however, be

improved. Recently, electron and laser beams have been ] o

used as a method for surface remelting and alloying of _ The material used in this study was as-quenched AlSI

materials[1—6]. In the electron beam surface remelting D2 cold—wc_)rked die steel with the chemical composition

process, a surface layer is fused by means of electron@s shown in Table 1. _ _

beam and resolidified quickly. The rapid solidification Electron beam surface remelting was carried out ona

yields improvement of microstructure and increases the 60-kW moderate voltage electron beam welding

hardness of the remelted layer. Comparing with the machine made in Russia. The operation conditions were

conventional surface processing, high energy beam suras follows: 60 kV for accelerating voltage, 10 mA for

face modification has many advantages, such as savingPeam current, 1.2 yimin for scanning velocity.

energy resources, avoiding environmental pollution, rais-  Transverse and longitudinal sections of the electron

ing labor efficiency, improving the quality of products, beam traces were cut as specimens for metallographic

examination by optical microscopyOM). All the spec-
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Biological Resources, National Institute of Advanced Industrial Sci- yging a solution containing 5 ml HNO and 95 ml

Eﬂcesa;pdpgfg h82'20_%@91'?)3;;Z]'2#£g';'?ﬁg’é?_'gggg'.’ ngif)i'ra' ethanol. The microhardness depth profile of the electron

81.11-857-8984. ' o o beam treated specimen was measured using a Vickers
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Table 1
Chemical composition of AISI D2 steéivt.%)

C Cr Mo \Y Mn Si P S Fe
1.60 120 055 0.15 040 040 0.030 0.030 Bal

3. Results and discussion

3.1. Microstructure evolution under electron beam sur-
face remelting

The starting microstructure of as-quenched AISI D2 &
steel consisted of martensite, carbides and residual
austensite, as shown in Fig. 1. Moreover, the carbidesrFig. 2. Transverse section of electron beam surface remelting single
were coarse and inhomogeneous. track on AISI D2 steel.

Fig. 2 shows the transverse section of a single electron
beam surface remelting track. Four distinct areas can becellular/dendritic structures at the center of the melted
seen. The first one is more lightly etched and forms a layer (Fig. 3b) —directional dendrites near the surface
melted layer on the surface of the material. The second(Fig. 30). According to the principles of solidification
one is a more darkly etched region and forms a very [15], the morphology of solidified material is controlled
shallow phase transformation hardening layer below the by the temperature gradief) in the liquid near the
surface. The third one is the most darkly etched region, advancing interface and by the growth rgf). With
which extends to greater depth below the surface andan increase in the rati/R, solidification morphology
forms a transition layer. The second and third regions evolves from dendritic to cellular and to planar. In the
form a zone beneath the melted layer, which has clearly present cas&; /R decreases due to recalescence and the
undergone a series of phase transformations and is calledow thermal conductivity of AISI D2 steel as the
a ‘heat affected zone’ heréHAZ). Finally, the gray  solidification proceeds from the pool bottom towards
area at the bottom is the part of the material, which the pool surface; this may account for the solidification
remained unaffected by the process. In addition, it can morphology observed following electron beam surface
also be seen that the figuration of the surface layer afterremelting. It should be pointed out that the usual planar
electron beam remelting is better than that of laser crystal growth at the pool bottom did not occur in Fig.
irradiation. Simultaneously, the tendency to form cracks 3a, the reason perhaps being th@tat the start of
is very low. solidification was not high enough to meet the planar

The microstructures of a single remelting tra@d&n- crystal growth condition. Compared with that of the
gitudinal section are shown in Fig. 3. Typical epitaxial ~original material(see Fig. 1, the microstructure of the
growth can be clearly seen in the melted layer. The melted layer is greatly refined.
morphology of the solidified grains varies with their The microstructure of phase transformation hardening
position in the melted pool, i.e. small equiaxed grains layer was found to consist of martensite, a dispersion of
near the melted laygsubstrate interfacéFig. 33 — fine carbides and residual austensite, as shown in Fig.
4. This microstructure is an indication that the thermal
cycle in this zone, in spite of the very rapid heating and
small austenitizing times, fully austenitizes the phase
transformation hardening region below the melted layer.

The microstructure of the most darkly etched region
in Fig. 2 consists of tempered sorbite, in addition to
martensite and carbides which were present in the
starting microstructurgFig. 5). It is evident that the
thermal cycle was inadequate to austenitize this area,
but was enough to cause a high temperature tempering
transition.

3.2. Hardening effects of electron beam surface
remelting

Fig. 6 shows the microhardness profile of AISI D2
cold-worked die steel obtained on the cross section
Fig. 1. Starting microstructure of AISI D2 steel. through the center of single-track runs. It can be seen
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Fig. 5. Microstructure of transition layer.
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that AISI D2 steel revealed a promising hardening £ |

response to electron beam surface remelting. The exis-
tence of three areas within the melted layer and HAZ = 2007 Meltedlayer | Transitionlayer | Base metal
of the irradiated specimen is reflected in the correspond- 100+

ing microhardness profile. The melted layer on the
surface had a microhardness approaching 49Q, HV ; 0 02 04 06 08 1 12 14 16
while the shallow phase transformation hardening layer Distance from surface, mm

had maximum microhardness approaching 866, HV

Both areas above had a microhardness value higher tharfig. 6. Hardening response of AISI D2 steel to electron beam surface
that of base metal. This can be attributed to the micros- remelting.

tructural refinement following electron beam surface

remelting. An abrupt decrease of the microhardnessreason is that the microstructure in this region mainly
occurred within the high temperature tempering layer, consisted of tempered sorbite. Finally, the base metal
which was slightly lower than the base metal. The microhardness was unaltered at 380 HV

300

Microhardness, HV0.1
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