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Formation of Hardfacing Clad by Laser Cladding with Blown Powder

Akio HIROSE, Wataru KoHNO, Daikichi NOMURA and Kojiro F. KOBAYASHI

Synopsis :

Formation of hardfacing clad layers by laser cladding with blown powder and their wear properties have
been investigated. Co base hardfacing alloys, and niobium carbides or chromium carbides mixed Co base
alloys were deposited on to mild steel substrates with varying laser power and traverse speed under con-
stant amount of powder feeding per unit bead length.

Dilution and area of melted substrate linearly increased with heat input per unit bead length. Melting
efficiency for substrate melt in the laser clad was approximately one-sixth of that in laser surface melting,
since the substrate was melted indirectly by heat from melting clad layer. This is the reason why low dilu-
tion can be obtained easily in the wide range process variables. Dilution in the carbide mixed clads was
lower than that in Co base alloy clad, since melting of the former may require higher heat input than that of
the latter.

In Co base alloy clads, wear resistance enhanced with increasing hardness of clad layers. In the carbide
mixed clads, significantly higher wear resistance was obtained than that estimated from their matrix hard-
ness because of high hardness of carbide particles.

Key words : laser cladding; blown powder; Co base hardfacing alloy; carbide; dilution; melting efficiency;

hardness ; wear.
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Table 1. Chemical compositions (a) and particle
size distributions (b) of Co base alloy powder.
(a)

Powd Chemical compositions (mass% )

owaer 4 ¢r W Fe Mo Ni C Si Mn Co
STL1 30.9 12.3 1.3 0.1 1.1 2.3 1.0 0.01 Bal
STL6 28.0 4.7 1.4 0.1 1.3 1.2 1.3 0.01 Bal
STL21 | 26.4 — 0.5 5.9 3.0 0.2 1.0 0.33 Bal
(b)

Particle size distribution (mass% )
Powder Size (#m)
+250 +150 +106 +75 +53 53

STL1 2 95 3
STL6 2 36 28 21 12 1
STL21 0 25 33 34 5 4

Table 2. Chemical compositions and particle sizes
of niobium carbide (a) and chromium carbide (b).
(a)

Chemical composition (mass% ) Particle
Powder C Fe Nb size (#m
Nb-C 11.5 0.09 Bal. —150~+75
(b)
Chemical composition (mass% ) Particle
Powder C Si S Fe Cr size (#m)
Cr-C 10.9 0.04 0.025 0.13 Bal. —212~+106

- Ed-hoEhE

CIRBEBRALODIIT I+ —h AERHV, ESET
LM A E 75mm & L, EMETBCOE— 2R
#11.8mm ICFEE L. B E~oBKRERE, BH
HAGRE * v Tt - 72,

Table 3 3E® L7229 v 7
W s Tok AGGERT.

T4, L1 Y —XTIiF, SS400 H#t L i2 STL6 #*
LI BEOEITREEEILE ST Ty T v 7
L, L9 NBIOETRENBIIAALE, BEEE
HfE s & M AREER SR TRE R L 7.
HMEEMIZIZ 7T A VLB ET- 72, S0 EOKREM
513 Rpox (A E) T 100 um TH o 72, HEROER
MBI, BRMOM AR 10mm & Lz 22720 L2 ¥
) — X T, BAZRRMUBOREXRITT A0, HE
BRIIC KEREIT o7, 297 v T4 v 7RE-FR
#150mm & L, 1 82T 2AERY27-7. %8, i
BIETHEE RS ¢ CORM Y — PRS0 ICHY
ShBEX8g/m & —EIhBXIITHRELL. T2,
L3>u~ffu%$L# H AT OEMEBEIZG

LEBEERFAT A0, BREEHETICEMOERM
%@%1‘]‘07:.

14, 53— Xk STL21 = bV v 2 2 RAL %8
L2 99717 THY, ®RILOBEEILL S
T 974y TRBIEEICRIETTEECOVWTRFT21T-
. kB, RILMES 2 79 74 v 7 TRETEE
]%mWs@%Au S OEMTIIHEAREES ) OR

BWL R A BRERIRLEL D1z, BLE—F
% 118 g/m (2B L7z 72, L6 ¥ ) —
XiE< b 9 22580 STL21 T2 5 v 574 » %47
v, RALWEE Y S v T4 v OREBME L THW .
2-3 BHAAERORE

75 974 v FBOETAAROBE E, &RHEIC
D& 2ARDE— FENFNIIH L THEKS S 50 mm
BXU 70mm OFE L 0 REEH 2RI T, &4 Bl
oW TITo 7, RETE B - BAEL BB, &

1 IBOEREE F I

Table 3. Operating conditions of laser cladding.

Mark Powder Laser power (kW) | Traverse speed (mm/s)
- 6.5 7.5, 8 9 1.33, 1.67, 2.50, 4.17,
L-1 STL6 5.83, 7.50
L-2* STL6

8 2.50, 4.17, 5.83, 7.50
L-3 —
L-4 | STL21+Nb-C

9 1.50, 2.00, 2.50
L-5 | STL21+Cr-C
L-6 STL21 8 2.50, 4.17, 5.83, 7.50

* : Powder feeding into pool
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Table 4. Operating cqnditions of laser cladding
for adhesion wear test.

Powd Laser power Traverse speed Number of
owder (kW) mm/s pass
STL21
STL6 8 5.83
STL1* )
STL21+Nb-C*
—_——| 9 1.50, 2.00, 2.50
STL21+Cr-C*

* . Preheating and inter pass temperature of 433 K to 673K
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Laser cladding
Powder:STL6 | Substrate:SS41
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Fig. 1. Cross section area of laser clad layer as

functions of laser power and traverse speed.
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Fig. 2. Effect of heat input on dilution ratio (a)
and cross section area (b) of laser clad layer.
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Powder:STL6 | Substrate:SS41
Laser power:i8kW

Symbols | Powder feeding position
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Fig. 4. Effect of powder feeding position on cross
section area of laser clad layer.
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Photo. 1. Optical micrograph of niobium carbide
mixed Co base alloy clad.

Photo. 2. Optical micrograph of chromium carbide
mixed Co base alloy clad.
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Fig. 5. Effect of carbide addition on formation of
laser clad layer.
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Fig. 6. Result of adhesion wear test for hard-
facing clad layers by laser cladding.
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Fig. 7. Average hardness
layers by laser cladding.
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Fig. 8. Hardness dependence of adhesion wear
properties of hardfacing clad layers by laser clad-
ding.
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