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Table 1 Chemical contents of 32Cr3Mo1V alloy

B4 C Si Mn P

Cu Cr Ni Mo \%

A w/ % 0.27~0.37 0.2~0.4 0.20~0.5 <0.025 <<0.025

<0.25 0.27~0.32 <0.25 0.9~1.10 0.15~0.2
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Table 2 Chemical contents of Co alloy powder

B C Si Fe Cr Ni Mo Co
58 w% 0.25 1.o 1.0 27 2.8 5.5 KB
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Fig. 1 Schematic diagram of the structure of the automatic thermal cycling tester
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Fig.2 Cross section of laser alloying Cr and Co layers and their hardness gradient curves

(al) cross section of laser alloyed Cr layer; (a2) hardness gradient curve of Cr layer;

(bl) cross section of laser alloyed Co layer; (b2) hardness gradient curve of Co layer
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Fig.3 X-ray diffraction patterns of laser alloying zone
(a) Cr layer; (b)Co layer
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Fig.4 Elements distribution of laser alloying layers
‘al) Cr layer;(a2) Fe and Co elements distribution; (bl) Co layer; (b2) Fe, Co, Cr and Mo elements distribution
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Fig.5 Surface and section of the fatigued cracks after 10000 times thermal circles

(al)surface of the cracks of substrate;(a2)cross section of the cracks of the substrate; (bl)surface of the cracks of Cr layer;

(b2)cross section of the cracks of Cr layer; (c1)surface of the cracks of Co layer; (c2)cross section of the cracks of Co layer
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Fig.6 Surface thermal fatigue cracks of the connected area of layers
(a)Cr layer; (b)Co layer
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Fig.7 Micro-structure of the surface thermal fatigue cracks of layers
(a)substrate; (b) Cr layer; (¢)Co layer -
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Table 3 Chemical contents of the thermal fatigue cracks

TR w/h
X
Cr Si Mo Co 0O Fe
al 3.06 0.33 1.83 — 6.16 88. 62
a2 2.70 0.16 0.33 — 0 96. 80
bl 8.62 0.27 0.84 — 6. 96 83.32
b2 6. 97 0.22 0.50 — 0 92.32
cl 14,80 0.41 3.46 22.25 7.63 51.45
c2 13.81 0.28 1.56 32.38 0 52.70
R4 AESBLARMER
Table 4 Micro-hardness of the thermal fatigue cracks
X HEEE Hvo,
1 2 3 FyE
al 628 823 859 770
a2 437 433 442 437
bl 800 680 992 824
b2 393 361 389 381
cl 599 620 701 640
c2 393 402 400 398
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Thermal fatigue resistance of laser surface alloying layers on
the surface of 32Cr3MolV substrate

LI Fuhai, TONG Xin,LIU Min.CHEN Xingchi, DAI Mingjiang. MA Wenyou
Department of New Materials, Guangdong General Research Institute of Industrial Technology(Guangzhou
Research Institute of Non-ferrous Metals) ,Guangzhou 510650.China

Abstract; The pure chromium (Cr) powder and cobalt (Co) base alloy powder were applied on the surface
of 32Cr3MolV substrate by a ten-thousand-watt CO, laser to form the layers abundant in elements of Cr
and Co, and properties of the layers including microstructure, elements distribution, micro-hardness and
anti-thermal fatigue were studies. The result showed that the alloyed layers had full metallurgical bond
with the substrate, boasting of advanced properties such as denser structure, smaller grain and free of
crack, porosity, and slag inclusion; the laser alloyed Cr layer consisted of Fe-Cr solid solution in which Cr.
element accounted for 18. 7% in wt. , while the laser alloyed Co alloy layer consisted of Fe-Cr solid solu-
tion with over 63% of alloyed elements, and stainless steel phase; both of the layers presented significant
increase of thermal fatigue resistance and the area of cracks after thermal fatigue test reduced from 28.9%
(in the substrate) to 12.4% (in Cr-alloying layer) and 9. 4% (in Co-alloying layer), respectively, there-
fore, they could prevent and block the generation of cracks and reduce the expanding rate of cracks. Al-
though the Co-alloying layer had a less crack sensibility than the Cr-alloying layer, there existed a special
area with massed crack about 48. 9% in the substrate near the laser alloyed zone, which would cause a
sharp decrease in the overall thermal fatigue resistance. The mechanism of the thermal fatigue was oxida-
tion and stress cracking, that is, the brittle oxide formed during thermal fatigue period ruptured under the
vast stress of the thermal fatigue.

Key words; laser surface alloying;Cr powder;Co base alloy powder;32Cr3MolV; casting roller shell



