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ABSTRACT The microstructure and strengthening mechanism of NiCrBSi system alloy powder
(1 0%C, mass fraction) surfacing layer by light beam heating were investigated by means of X-ray
diffraction, SEM, EDAX, microhardness, Rockwell hardness, ete.. The results showed that the light
beam Ni-based alloy powder surfacing layer can metallurgically bond with the Fe—C alloy substrate. The
surfacing layer has lower dilution and no cracks. The infiuence of heat input on dilution and burning loss
of alloy elements determines the microstructure and the phase constitution of surfacing layer. When
lower heat input is used, the microstructure of surfacing layer with lower dilution (7=3.5%) consists of
high hardness phases (Crz3Cq, (Cr, Fe);Cs) precipitated on hypoeutectic matrix composed of a little
of primary v—Ni and a lot of trinary eutectic of v—Ni+NizB4+NizSi. When higher heat input is used,
the dilution of surfacing layer 1s as high as 12% and the surfacing layer consists of a lot of +—{Fe, Ni)
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dendrite and a little of v—{Fe, Ni}-Af7C; binary eutectic. There is no primary carbide in this kind
of surfacing layer. The precipitation of carbide M33Cs and Af7C3 and eutectic NigB and Nig5i, and
the oversaturated ~ phase by alloy elements result in the strengthening of surfacing layer Compared
with TIG surfacing, the wear resistance of light beam surfacing layer is 3 times higher than that of TIG
surfacing layer with the analogical heat input.

KEY WORDS light beam, powder surfacing, microstructure, strengthening mechanism
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Table 1 Parameters of light beam powder surfacing and dilntion of surfacing Tayer

Iuput power Qutput power Coating Scamning Heat input DviTution
kW kW thickness/mm velocity /mm-s 1 kI om ! (177 %)
5 2 1 1 2 3.5
3 2 1 as q 12
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Fig.1 Microstructure of surfacing laver close to bonding line (SEM, secondary electron image] (a)

surfacing layer with lower Jdilution {n=34.53%%}, (b} surfacing layer with higher dilution (p=12%)
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Table 2 EDAX analysis results {mass fraction. %/atomic fraction. %) and microhardness [Hyynz) of

precipitations in surfacing layer with lower dilution

Precipitation Hvyna/MPa S Cr Fe Mi
Eutectic 0134 T.28/13.97 4.87/5 06 6 00/5.50 B1.84/75.18
Regularly blocky phase 22501 0.10/0.1% 95,31 /96,56 1.51/1.41 2.07/1.84
Strip phase I7983 0.36,/0.68 93.05/93.39 1.85/1.73 4.73/4.21
Dendrite 5968 5.95/11.55 5.15/6.45 B.0B/8.76 75.91/73.24
Bonding zone(B#) a2 4.26/8.34 4.75/5.03 27 52727 13 63 47/59.49
Substrate close to BZ 2440 1.06/2.09 1.52,/1.643 BU.57 /85.88 T.E6/T.41
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Fig.2 Xx-ray diffraction spectra of Nigu allov powder and its hight bean surfacing laver (al prinitive

powder (b) surfacing layver with lewer dilurian {c} surfacing layver with higher ditutiom

B & SERRHEEBSIMAED (a), (b) BRsETEETFE (c~h) ISEM. —iTd Tf)

Fig.3 Microstructure {a) and (b) of surfacing laver with lower dibntion and its atloy elements maps
{ch} (SEM. serondary etectron umage} [a) 500 (b) 1000~ (c] Cr map (d) C map () B map
(f] Fe map (g) Xi map {h) Si wap
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Fig.4 Hypoeutectic microstructure of surfacing laver with lower dilution (SEM) (a1 secondary electron

image (b) back electron image
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Table 3 EDAX analysis results (mass fraction. %,/atomic fraction. %) and microhardness |Hvpoz) of

precipitations in surfacing layer with higher dilution

Precipitation Hvg p2/MPa Si Cr Fe N;
Upper dendrite 2528 2.69/5.27 6 07/6.40 60.90/59.66 30.83/29.67
Bottom dendrite 2058 1.60/3.18 5.32/5.70 63.64/63.62 29.44/27.30
Upper eutectic 3704 0.64/1.26 22.38/23.68 65.68/64.53 11.30/10.54
Bottom eutectic 6292 0,0 15.22/16.33 69.11/68.85 15.67/14.82
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Table 4 Macrohardness and wear volume of surfacing layer by different parameters

Macrehardness /HRC Wear volume/ mun?
1 63.6 0.351
36 2 2.983
3 50.8 1.443

Note: 1. light beam surfacing layer. 15 = lmm/s 2. light beam surfacing layer, V, = 0.5mm/s

3. TIG surfacing layer
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