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Regulation of Microstructure and Properties of UNS R30003
Ultra-thin Cobalt-based Foil by Single-and Two-stage Aging

Wang Yanmou, Wang Xiang, Wang Xu, Liu Hao, Liu Jie, Ma Jing
(Xi’an Gangyan Special Alloy Co., Ltd., Xi’an 712046, China)

Abstract: Aiming at the problems of high residual stress and insufficient plasticity of UNSR30003 cobalt-based elastic al-
loy ultra-thin foils after large-deformation cold rolling, the 0. 1 mm ultra-thin cold-rolled foil with an accumulative defor-
mation of 97. 4% was taken as the research object. The regulation mechanisms of microstructures, mechanical properties
and V-spring elastic service response of alloy foils were investigated under three aging processes: low-temperature
single-stage aging (450 °C ), high-temperature single-stage aging (500 “C ), and high-low-temperature two-stage aging
(450 °C+750 “C). The results show that the cold-rolled alloy exhibits submicron lamellar deformed microstructures, and
shear bands penetrating multiple deformed grains are observed within the distorted matrix. The low-temperature
single-stage aging at 450 °C achieves the peak strength (ultimate tensile strength of 2 820 MPa, hardness of 549. 23HV)
via fine dispersed precipitates and inherited dislocations, whereas the elongation after fracture decreases to 3.3%. The
high-temperature single-stage aging at 500 “C promotes matrix recovery and precipitate coarsening, yielding a preliminary
strength-ductility balance. The two-stage aging process of 450 ‘CX300 min+750 ‘CX80 min can effectively balance strength
and ductility; an ultimate tensile strength of 1 600 MPa is maintained while the elongation after fracture increases to
6. 7% , which is 19. 64% and 103. 03% higher than those of the cold-rolled state and the low-temperature single-stage aged
state, respectively. Moreover, its elastic modulus (205 GPa) and resistance to elastic deformation are superior to those of
the cold-rolled foil. Through hierarchical precipitation and stepwise stress-release mechanisms, two-stage aging induces
substantial dislocation rearrangement and relieves residual stress, realizing the synergistic optimization of strength, ductil-
ity and elastic stiffness of the alloy foil. This work provides a reference for formulating heat-treatment procedures of
ultra-thin precision elastic alloy components.

Key Words: UNS R30003 Cobalt-based Elastic Alloy; Ultra-thin Foil; Single-and Two-stage Aging; Microstructure;
Strength-ductility Matching; Elastic Service Performance
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Table 1 Chemical composition of UNS R30003 cobalt—based elastic alloy %

C Mn Si P S

Co Cr Ni Mo Fe

<0.15 1.5~25 <1.20 <0.015 <0.015

39.0~41.0

19.0~21.0 14.0~16.0 6.0~8.0 Bal
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Table 2 Aging experimental schedule for UNS R30003
cobalt—based elastic alloy
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Fig. 2 Metallographic micrographs of 0. 1 mm-thick UNS R30003 cobalt-based elastic alloy foil in different states: (a) cold-rolled
state, (b) low-temperature single-stage aged state at 450 “C for 300 min, (c) high-temperature single-stage aged state at 500 “C for
300 min, (d) two-stage aged state (450 “Cx300 min+750 ‘Cx80 min)
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Table 3 Statistical table of tensile mechanical properties of UNS R30003 cobalt—based elastic alloy in different states

T2 BrhiiE B /MPa Jett B 5 /M Pa 1% PR /GPa
RELA 1610 1420 5.6 200
450 °Cx300 min 2 820 2450 33 225
500 “Cx300 min 2280 1850 44 215
450 “Cx300 min+750 ‘Cx80 min 1 600 1380 6.7 205
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Fig. 3 Stress—strain curves of UNS R30003 cobalt-based elas-

tic alloy in different states
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Table 4 Vickers hardness of UNS R30003 cobalt—based elastic alloy in various states HV
AT 2 SENE FHIE
RELES 437.60 447.50 449.50 440.80 448.90 444.86
450 “Cx300 min 551.10 548.30 548.30 549.10 549.35 549.23
500 Cx300 min 507.10 492.90 504.70 501.20 502.00 501.58
450 °‘Cx300 min+750 Cx80 min 483.70 495.20 492.90 489.10 492.10 490.60
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Table 5 Load statistics of UNS R30003 cobalt—based elastic alloy in different states with various compression amounts

VA BB () 48 1 A BTN

AT

20% 30% 40%

BHLA 243 326 361

450 °Cx300 min 284 398 431

500 °Cx300 min 268 380 423

450 °‘Cx300 min+750 ‘Cx80 min 255 366 407
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