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Thermal Parameters Research of Laser Cladding Ni60—-Cr3;C, Cermets on Surface of Hot Forging Dies
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Abstract: In order to improve service life of hot forging dies, Ni60-Cr;C, composite coatings were prepared on the high
speed steel W6Mo5Cr4V2 using laser cladding technology. Microstructure observation and microhardness of laser clad
coatings with several ratios of Ni60:Cr3;C, were investigated by scanning electron microscopy (SEM), XRD and microhardness
tests, respectively; specific heat and thermal conductivity were measured by Laser Thermal Constant Meter; thermal expansion
coefficient and elastic modulus were measured by Dynamic Mechanical Thermal Analyzer and High Temperature Ceramic
experimental system, respectively. The results show that the coating with metallurgical bonding is obtained between the
cladding layer and the substrate. The microhardness of the surface cladding layer can be up to 912~1713 HV, thermal
parameters of Ni60—CrsC, coating in general ,compared to the substrate, has no major improvement.
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Fig.1 Division areas of hot forging die (bottom die)
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Table 1 Chemical compositions of Ni60 powder, W6Mo5Cr4V2 and Cr;C, powder (%)

by C Cr Si B Ni Fe Mo Mn w \Y CryCy
Ni60 0.5~1.1 15.0~20.0 3.5~55 3.0~45 K& <5.0

W6Mo5Cr 0.33~0.43 3.80~4.40 <0.40 HE 450550 <0 550~6.75 1.75~2.20
Cr3C, 5.0 20.0 75.0

K HG2000 % CO, HOGHR , BT BB
B mEE RPN S RY, ABEAL.
WOEIhE 1.4~1.9 kW, RBEELRE 3 mm, FH%E
h 3~8 mm/s. MATEA LS5 65 % : 35 %5
50 % : 50 % (Ni60: CrsCy), AT iffEb sl iryidAe 53
W 65 %: 35 %5 50 % : 50 i\, FiEE R
7 0.6 mm, SEMIRFH RS G- FEitE AR o

W58 He 4t 5 mm X 5 mm X 2 mm S A
(B 4 YIHRRIE RSV IR) , >R JSM-5610LV
R4 LB (SEM) I 28 15 8 2 IO AL 25 R
HX-1000TM LCD % 3 fy g B A3 2 3800k 4 78 2351
TP SRAGRE B, #kA 0.2 kg, fNgkmf] 5, P& 3
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Fig.2 Microstructure of several ratios of Ni60:Cr;C,

(a) 65 % : 35 % (b) 50 % : 50 %
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Fig.3 X-ray diffraction pattern of Ni60+ 35 % Cr;C,
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Fig.4 X-ray diffraction pattern of Ni60+50 % Cr;C,
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Fig.5 Microhardness analysis of laser cladding coating
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Fig.6 Thermal expansion coefficient of Ni60450 % Cr;C,
speciment

e £ 2 RJLMARHG TREHVZIK 2 41(650 CA
#). 50 %: 50 %2 TR KRHUE 13.7X10°

(UK), T W6EMo5CraV2 i T FE #u g ik & 5k
112X 10°(L/K) . 72 i TR K R B AR

24 EARFKRSENE

e 3 Jy JURIAE R B R EE P - TRIISE R
B P AKX FH N, 2 2R AR
A LR A5 R B A S o AR R R B B AR
A LB AR MBI 2 R R, T AR AR 32 2
IR, FLBRLEKR. BENRGER 29
W/meK, Tii W6M05Cr4V2 g5k 27.6 W/meK,
ERXANSH L, BJE W6Mo5Crav2 Bk g 45
PR AR A3, Sl N Ty o T Y LA
S 302 JkgeK, W6MOo5CraV2 b vl 644
JkgeK, 72 LPAEH B RN, X2 L
BEEA W6Mo5CraVv2 Feiki,

=2 LRI TRE AR AR R 2

Table 2 Thermal expansion coefficient of several materials

iy Ni60 Cr3C,

W6Mo05Cr4Vv2 H11l

Ni60+50 % CrsC, E A KA

B E 18%10° 10.3%x10°

11.2%10°®

13.3%x10° 13.7%x10°®

F 3 LM RS RS
Table 3 Thermal conductivity and specific heat capacity of several materials

Ak Ni60 CrsC, Cr  W6M05Crav2 Cr;C, (#i{H)Ni60+50 % Ni60450 % CryC, (SEMIE)
R R/(W/meK) 63  19.1 937 27.6 473 29
HLHE (IKgeK) 456 456 450 644 397.4 302
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Table 4 Elastic modulus of Ni60+50 % CrsC, specimen

R ORE FERE/mm MM BN BEMERR/GPa
R 5.10 2.86 448.55 284
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