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Table 1 Chemical composition of grinding ball Wy /%
C Si Mn Cr P S Mo Cu
3.5~3.7 2.8~2.9 1.6~1.8 0.35~0.4 0.01~0.015 0.007~0.01 0.2~0.24 0.43~0.52

2 HIWERDTSITIE
21 PESEBRELRRSR
EINOERMIKM I RITEEER . BEIREM.
12REGFIOERRIERL R RIS 034 ; REEKEIES T
IDED; AS|ERKNERBIIN8E; EEASKFHRYT
S508MER; REASKHAEOEZ19.2% ., B
12RNFIOEBRVER VR RIS E T BBk mE, WE] 2.
O'BEEREEME . 12RMFIOEM ERIEIBALRNE 3
Fim . SSBERESRBERSA . iR asE
{Apk. FB Image-Pro Plus #X{43TAZE. kit =i
TEERIT, FEEEITFL

2.2 PFAIBESEERASRRADE DT
2.2.1 XRDHHT

SRS 2 F0 EROXERIERE . 1V2RFNER
BHTXEIEATEI O, ERUE 4P, 1. 2'F03 BTk
RIZRME . 1V2RFIOEIEIN T o 1850 v 1. ERSHIL
EL BB AIM, C BB (L RO AT 8T 1E , 15BBZE 4R R AYIR (L
MEEZEM,CERRMNYD

222 HEFSR

1. 2N EIRED FIRITERA  SHEMIK-BE
=SSR NPWMBS, EIRERE. U2RUEFIOERHIA
LR SR UNESFR .

El5a. 5df159% IR BEKAIEE . 1/2REF00

880°CHR KL, 7h

TREE/C

=8 EREFER
HeE)/R

Ell CADIEBIMMMNET ZE
Fig. 1 CADI grinding ball heat treatment process drawing
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Table 2 Isothermal treatment process parameters
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Table 3 Spheroidizing effect evaluation
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firi g 1% NG R x100/mm (ANmm?)
eS| 3 8838 8 1.11 480.67
12R4E 3 8840 8 1.24 466.5
L 3 87.23 8 1.26 391.67
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Fig. 2 Graphite morphologies in different zones of as-cast grinding ball
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Fig. 3 Microstructure of as-cast grinding balls
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Table 4 The content of each phase in as-cast grinding ball
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Fig. 4 X-ray diffraction patterns in different zones of CADI grinding ball
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Fig. 5 Microstructure indifferent zones of heat-treated grinding balls
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Fig. 6 The content of each phase in different zones of grinding ball under three heat treatment processes
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Fig. 7 Mechanical properties indifferent zones of grinding ball under three heat treatment processes
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Fig. 8 Fracture morphologies of 1*, 2*and 3* impact samples
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Influence of Austempering Process on Microstructure and Performance of
Large Diameter CADI Grinding Ball
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(1. Institute of Advanced Wear&Corrosion Resistant and Functional Materials,Jinan University, Guangzhou 510632,
Guangdong, China; 2. NingguoHuafeng Wear-Resistant Material Co., Ltd., Ningguo 242300, Anhui, China; 3. National Joint
Engineering Research Center of High Performance Metal Wear Resistant Materials Technology, Jinan University,Guangzhou
510632, Guangdong, China)

Abstract:

In this study, the @150 mm CADI grinding ballswereheat-treated by three austempering processes: salt
bath austempering, oil quenching austempering and water-air alternating austempering. The Rockwell
hardness and impact absorption work of the grinding balls after heat treatment weremeasured.The phase
constituentswereanalyzed byXRD, and the microstructure wasobserved by OM and SEMfor different zones
of the large diameter grinding balls. The test results show that the three heat-treated large-diameter CADI
grinding balls have a extremely similar microstructure, which is composed of acicular ferrite, carbon-rich
austenite, carbides and spheroidal graphite. After the salt bath austempering heat treatment, the Rockwell
hardness from the center to the surface of the grinding ball is in the range of HRC 53.37 to 57, and the impact
absorption energy at the center and 1/2R are 11.98 J, 13.78 J, respectively; after oilquenching austempering
heat treatment, the Rockwell hardness from the center to the surface of the grinding ball is in the range of
HRC 51.95 to 55.20, and the impact absorption energy at the center and 1/2R are 12.28 J, 14.8 J, respectively,
after water-air alternatingaustempering heat treatment, the Rockwell hardness from the center to the surface
of the grinding ball is in the range of HRC 52.73to 55.75, and the impact absorption energy at the center
and 1/2R are 12.7 J, 13.78 J, respectively. The microstructure and performance of the large-diameter CADI
grinding ball after the water-air alternating austempering treatment are similar to those of the salt bath and
oil quenching process, and the difference in the inner and outer properties of the grinding ball is small. The
water-air alternating austempering process is expected to replace the salt bath and oil quenching austempering
process.

Key words:
CADI grinding ball; salt bath austempering; oil quenching austempering; water-air alternating austempering
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