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ABSTRACT Laser metal forming directional solidification experiments were performed by using
nickel-base superallov as substrate and powder Rene95 as cladding material. The solidification mi-
crostructure of the cladding layer was investigated. According to the theory of columnar/equiaxed
transition {CET) in front of the solid/liquid interface, it was found that, in the single path multi-layer
cladding layers and multi-path multi-layer cladding layers, the microstructure with the same crystal-
lographic orientation as the substrate was ohtained by reasonably selecting the processing parameters.
Round directional solidification sample of laser multi-layer cladding was acquired by combining the
multi-layer laser cladding and computerized numerical control (CNC) technique, The microstructure
of the cladding layers is consisted of regular columinar dendrites. The primary spacing of dendrites
is about 5—30 pm and the secondary arm is small or even degenerated. Emnergy spectrum aralysis
showed that there was no obvious composition segregation in the cladding layers.
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Fig.1 Profile of columnar to equiaxed transition {CET) of
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Table 1 Nominal compositions of the substrate and the powder Rene95

(mass fraction,%}

Material Cr Co Al Ti Mo w Nb C Zr B NI
Reneds 13 -] 3.5 2.6 3.5 35 38 0.07 D.05 0.01 Bal.
9.08 3.24 3.86 2,47 5.45 - - - - Bal.

Substrate 16.0
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Fig.2 Morphelogy of the transverse section of single path

multi-layer laser cladding sample
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Fig.3 Microstructures of the transverse section of single

path multi-layer laser cladding sample
{a} the interface between the multi-layer (rigth side)
and the substrate (left side) (b) the inner part of

multi-layer (c) the near—sutface of external layer
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Table 2 EDS results of different position in the substrate in
Fig.3a
(mass fraction, %)
Pasition Al W Mo Cr Ca Ti Ni
1 1.81 335 236 166 926 3.23 6339
2 1.62 395 178 1673 972 2.8 63.59
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Fig.4 Morphology of the longitudinal section of the multi—

path multi-layer cladding sample
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Fig.5 Microstructures of the interface between the cladding
layers and the substrate of the multi-path multi-
layer cladding sample
{a) transverse section (arrow indicating the join area
of different paths)

{b) longitudinal structures of interface and grains
in the layer corresponding to Fig.4 (no join area as
Fig.5a)
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Fig.7 High magnified SEM merphology and the EDS el-
ement line scanning maps of the inner part of the
cladding layers (the numbers above the curves are
counting rate)
{a) SEM morphology of the inner part of the cladding

layers with element scanning line crossing dendrites

(b} EDS element line scanning spectra corresponding
to the white line in Fig.7Ta
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Table 3 EDS results of positions 1 and 2 in Fig.Ta

(mass Fraction,%)

Position Tt Cr Ca Ma Nb Al W Ni
1 1.2347 10.454 7.643 2,225 0.935 2,448 4.629 70,427
2 3.017 10.523 7.342 2.262 3.511 3.040 3.164 67.141
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Fig.8 Low magnified SEM morphology (a} and EDS scan-
ning results corresponding to the white line in Fig 8a.
showing element distribution between the cladding

layers {b) (the numbers above the curves are count-

ing rate)
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