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Nanostructural refinement of metal surface layer by using the accumulation of
irreversible dislocation resulting from cyclic low-compressive loading

Nakamura, Takashi
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This study developed a nanostructural refinement method of metal surface on
the order of nm by using the accumulation of irreversible dislocation generated and moved resulting
from low-compressive cyclic load. The refinement experiments were performed in air, nitrogen, Ar and

vacuum and the effects of atmosphere, the amount of load, and the number of cycles applied were
investigated. As a result of using low carbon steel and aluminum alloy for a test material,
nanostrucrual layer with grain size on the order of 1 micrometer or below was formed in both alloys.
The grain size and the depth of refined layer was able to be controlled by the compressive load and
the number of cycles. The amount of refinement was superior in air and nitrogen; however it was not
so much in argon. In vacuum, nanostructural layer could not be observed. The above findings
revealed that this nanostructural refinement method requires the synergistic effect between
atmosphere and dislocation.
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Fig.1 A schematic figure of applying cyclic
compressive load on the specimen surface.
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(b) Observed area fabricated by FIB.
Fig. 2 The method to make a sample for high
magnified observation by using SIM.
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Fig. 3 Cross section of S25C (Air, 5x107)
observed by SIM.
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Fig. 4 Cross section of S25C (Air, 1x106)
observed by SIM.
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(a) S25C (Air, 5x107).
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Fig. 5 Relation between grain size and depth.
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Fig. 6 Effect of vacuum and nitrogen on the
microstructure of S25C cyclically loaded to
5x107. Observations were made by using SIM.
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(a) Oxygen count map, S25C (Alr 5x107).

(b) Nitrogen count map, S25C (N, 5x107).
Fig. 7 EDS analyses of the cross section.

(4) ADC12 (28T 2 K& H OakBrgs 5

gmkm¢ BT & K E M wE
392N (40kgf), Bfuifdul LELr 5X 107 [AlD S
TRBRA1T o 72308k % ADC12 (Air, 5X107) &
#reT 5.

[ 8 |2 Z OB OHEWT AR 2 T, [FIX
WZIEEBHOE unREOHESETRSAX
LB HER SN D, EDS |2 X B ESHTORE
R, ZOFBIZIT 0 LENEF L TR S
THY, S25C THER SN T-&ER g L FAlofi



HcThrLEIZOND. ZDZ LT ADCI2 I
BWTH, KFREICL-T, BFHRTATH
PRIBTCTREIRBICIEH TE 2L ERL
TW5D., BT, ZOEBREXY TOESIC
X, K8 DUAENIIREIND LI, WNE
HLRR & boi U TR b L 7= I BlE2 S
5. ZOFRRITRIEE 500mm FRETH Y, EB
BE T lun ORI ETERINTNS.
PLEDRERIN G, ARAnf 5 0D i A fir % 5= 31 ]
MoR LA E4+ 52 21k v, ADCI2IZHBWT
t S25C & [RIERIZ, ERE MR A3 T Ak
INBDZENRHLENI T2,

Carbon

deposit M’-'w‘-* T —

layer

Transition
layer

Refined
layer

Fig. 8 Cross section of ADC12 (Air, 5x107)
observed by SIM.
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