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Abstract

In order to study the influence of different spheroidizing annealing processes on the carbide of
GCr15 bearing steel wire, the quantity, size and microhardness of carbides treated by four differ-
ent annealing processes were analyzed by means of micro-electron microscopy and optical image
processing software. The results show that when the solid solution temperature of annealing
process was 800°C and heat preservation 1 h with 25°C/h cooling rate with furnace cooling to
700°C, after1 h with 15°C/h cooling rate with furnace cooling to 650°C, and then air cooling; the
particles of carbide are the finest with an average size of 0.23 um and the most rounded. When the
solid solution temperature is in the range of 780°C~800°C, the higher the solid solution tempera-
ture, the better the spheroidization effect; the longer the holding time, the finer the carbide par-
ticles after annealing. The annealing process has a certain effect on the microhardness of the steel,
but to a limited extent.
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Table 1. Composition of test steel GCr15 (mass fraction)
1. I GCr15 A% (REDH)

JLER C Mn Si S Cr Ti O N

RN 0.958 0.281 0.216 0.0017 1.47 0.0029 0.0018 0.007

BRALIR KARIGAE =il 5 g hr P g AT, WRE RS R @12 % 100 mm, BARIR K TZWE 1 fr. TZ1):
FEIRINAE 780°CLRIRE 30 min, BHJG LA 25°C/h B4 EIE K BE I A #13) 700°C J5 £R3E 30 min, LA 15°C/h f)
HHCRFEAE Z 650 C R R ER; T2): FHEMNME 780 CLRIE 1 h, BlJ5 LA 25°C/h A H1E %
BEA A 2] 700°CJEIRIR 1 h, BL15°C/h AR A R R 650°C TR RER: L20): =Rk
% 800°C iR 30 min, FiiJi5 LA 25°C/h (4 EIE Z B AP A £ 3] 700°C 5 0R4R 30 min, LA 15°C/h I 21E 2 FE
FAEHIE 650 CIEEARER; LTEAV): ZERIMME 800 CLRIE 1 h, FlJE LA 25°C/h ¥ HIH R 44
HE 700°C/ERIR 1 h, LL15C/h FIHEER A EIZE 650°C 574 R =,
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Figure 1. Spheroidizing annealing process of sample steel. (a) The solid solution temperature: 780°C, heat preservation 30
min; (b) The solid solution temperature: 780°C, heat preservation 1 h; (c) The solid solution temperature: 800°C, heat pre-
servation 30 min; (d) The solid solution temperature: 800°C, heat preservation 1 h

B 1. RHESRABkIR KT Z . (a) E7F 780°C, RI& 30 min; (b) Bl 780°C, #Ri& 1 h; (c) B 800°C, {RiR 30 min;
(d) Ei& 800°C, iR 1h
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Figure 2. SEM image of carbides in different annealing processes. (a) SEM image of sample Q1; (b) SEM image of sample
Q2; (c) SEM image of sample Q3; (d) SEM image of sample Q4

2. FEIRA T ZMiRA4) SEM Blf&. (a) 4 Q1 B SEM Elf%; (b) 4 QL B9 SEM Ef%; (c) 4 QL # SEM
Ef%; (d) K4 Q1 #9 SEM Elfg

Table 2. Results of quantitative analysis for the spherical carbide
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G5 B/ [ B2 R fum ARV
Q1 2897 2.17 0.37 0.15
Q2 2869 2.52 0.28 0.18
Q3 2613 221 0.29 0.23
Q4 2679 2.67 023 0.11
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Figure 3. Statistics results of Carbide size for different annealing processes. (a) Test results of carbide size Q1; (b) Test results
of carbide size Q2; (c) Test results of carbide size Q3; (d) Test results of carbide size Q4
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Table 3. Results of analysis for the micro-hardness of test steel
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Figure 4. Results of hardness for different annealing processes. (a) Results of hardness for all test point; (b) Results of average
hardness for different annealing processes
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