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Several investigators [1-4] have examined the effect 
of laser surface melting on the microstructure, as well 
as the hardness, toughness, and wear properties of 
AISI-M2 tool steel. Their results show a considerable 
discrepancy in the aspect of microstructure, which 
may be partly due to the variations in laser parameters 
used. In the present work, laser glazing experiments 
were conducted on AISI-M2 and T1 tool steels to 
identify the microstructures as a function of melt 
depth (or cooling rate). Analysis by scanning electron 
microscope was employed in conjunction with X-ray 
diffraction to characterize the microstructures of  laser- 
glazed surface layers. A 2.5-kW continuous-wave COz 
laser (Photon Sources model T3000) was used in 
gaussian mode to melt the steels (surface-ground 
specimens) at speeds varying from 17 to 200 mm sec 1. 
A single-pass melting procedure was used. 

Fig. 1 shows the exponential variation of melt depth 
and width with scanning speed. The melt depths 
ranged from 50 to 1400/~m. The corresponding cool- 
ing rates were estimated to be 106 K sec ~ to 102 K sec 1 
by measuring the average cellular-dendrite size and 
using the equation D = 59 x T -°34 [1], where D is 
the cell size in micrometres and T is the cooling rate in 
Ksec i. Fig. 2a to c shows the transverse sections 
where the  melt profile changes from hourglass shape 
to semicircular and increases in average hardness from 
580 to 700 Hv. Another interesting observation from 
these micrographs is the ridge at the centre and, in 
some cases, the crater at either end of  the melt Zone. 
This is due to the difference in surface tension between 

the centre and edge of the melt pool, to the carryover 
of some molten metal along its motion by the beam, 
and to the "keyhole" phenomenon. Fig. 3a to c shows 
optical micrographs showing the increase in fineness 
of cellular-dendrite structures with a decrease in melt 
depth. 

Fig. 4 is a representative scanning electron micro- 
graph of the melt zones indicating the absence of 
coarse carbide formation. X-ray powder diffraction 
patterns, taken from three melt zones (Fig. 2), 
revealed that the microstructures were essentially a 
mixture of martensite (bct) ,  6-ferrite (bcc),  M23C 6 

carbide, and some retained austenite. The proportions 
of 6-ferrite were increased at the expense of marten- 
site, when melt depth was reduced. In short, the shal- 
low melt zone exhibited 6-ferrite cells and peritectic 
7/M23C6 at the cell boundaries, whereas the deep melt 
zone contained martensite cells with the cell bound- 
aries enriched with retained austenite and M23C 6 ca r -  

bide. 
Figs 5 and 6 provide the variation of hardness with 

scanning speed and depth below the surface. It is 
evident that hardness was increased as melt depth 
decreased and that higher hardness is always obtained 
near the surface as opposed to the bottom of the melt 
zone. The hardness data coupled with microstructural 
observations suggest that 6-ferrite cells had a higher 
hardness than martensite cells. This is rather sur- 
prising but is attributed to the following reasons: (i) 
6-ferrite cells are much finer than martensite cells; 
(ii) dislocation density of 6-ferrite may be high; (iii) 

o 
2000 

18oo - 

16oo - 

E 
1400-- 

1200 

< 1000 

800 

6 0 0 - -  

400 - 

200 - 

SPEED {in. min -I) 
50 100 150 200 250 300 350 400 450 
I I I l I I I I I 

q 
I I 

\ 

A\\ O ~  

I I 
20 40 

70 

60 
.=_. 

50 o 

40 
Cb 

30 

20 ~ 

o o -  
10 

I I I - - , 7 - - 7 - z x " ~ - - i  "-~- 
60 80 100 120 140 160 180 

SPEED (mm sec ~I) 

0261-8028/86 $03.00 + .12 

Figure 1 Effect of beam traverse speed on the 
depth (zx) and width (o) of melt zone. Material: T 1 
tool steel. Laser: 2.5 kW, gaussian, focused on sur- 
face. 
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Figure 2 Transverse sections of  laser-melted T1 tool steel as a function o f  beam traverse speed: (a) 17mmsec  - I ,  (b) 3 5 m m s e c  1, (c) 
110 mm sec -1 . × 50. Note the Vicker's microhardness indentations. 

6-ferrite may be highly supersaturated with chro- 
mium, tungsten and molybdenum; (iv) M 2 3 C  6 carbide 
may be finer at the cell boundaries of 5-ferrite than in 
martensite because of cooling rate differences. 

Ahman [1] observed martensite cells (1.5 to 2/tm) in 
laser-melted M2 tool steel for a melt depth of 950 ktm. 
Furthermore, transmission electron microscopy analy- 
sis of laser-glazed layers by Ahman [1] did not reveal 
any evidence of carbide formation. This intriguing 
feature is in contradiction with the results obtained in 
this work and elsewhere. Other investigators [2-4] 
generally agree that laser melting results in complete 
dissolution of metal carbides and inceases the carbon 
and alloy content of the matrix. During the subse- 
quent solidification, precipitation of carbide occurs on 
an ultrafine scale. Ahman argued that solidification 
cooling rate is quite high (4 x 104Ksec -l) to allow 
the carbide to form. 

Strutt et al. [2, 3] characterized the microstructures 
of laser-melted M2 steel for a melt depth of 250 pm. 
The microstructure near the top of the melt zone con- 
sisted of 6-ferrite cells with boundaries containing 
retained ~, M2C, and M23C6 carbides; the microstruc- 
ture yielded a hardness of 650 H,. In contrast, the 
bottom of the melt zone exhibited a completely aus- 
tenite structure with a hardness of 950 Hv. Strutt et al. 

[2] believed that the peritectic reaction 6 + L -o V + 
M23C6 did not go to completion near the surface be- 
cause of the high freezing rate that drastically reduced 
the redistribution of alloying elements by diffusion. 
They also claimed that the slow velocity of the liquid 
to solid interface was responsible for the presence of 
austenite at the bottom of the melt zone. 

Kear et al. [4] investigated the microstructure and 
hardness of laser-glazed tool steels such as 440 C and 
M2. The melt zone of alloy 440 C exhibited 5-ferrite 
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Figure 4 Scanning electron micrograph of  laser-melted tool steel 
processed at a speed of 17mmsec  -~. × 6500 
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Figure 5 Variation of a melt zone hardness with beam traverse 
speed. Materials: T1 (O); M2 (zx). 

Figure 6 Hardness variations along 
the melt depths. Materials: (o)  T1 
(17mmsec - l ) ;  (zx) T1 ( 3 5 m m s e c - t ) ;  
(n)  M2 (35mmsec - I ) .  
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dendritic structure, interspersed with thin sheets of  
carbide in the interdendritic regions. The hardness of  
the melt zone was 470 Hr. In contrast to alloy 440 C, 
the laser melt zone of alloy, M2 showed no indication 
of  dendritic structure. The melt zone had a hardness of  
600 Hv and was composed of  6-ferrite/7 structures. 

From the foregoing results and discussion, it appears 
that the microstructure of  laser-glazed tool steels 
(for shallow melt depths) is essentially a mixture of  
6-ferrite, fine carbides, and austenite. The transition 
from 6-ferrite to martensite with an increase in melt 
depth occurs because of  the slower cooling rate that 
causes the peritectic reaction to occur and thereby 
results in the transformation of austenite to marten- 
site. 
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