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Surface Nonocrystallization of Carburized Steel JIS-SCr420 by Fine Particle Peening

Shin-ichi TAKAGI, Masao KUMAGAI, Yuko 110, Seiji KONUMA and Eiji SHIMODAIRA

Synopsis

: The fine particle peening process, which makes particles of several tens microns in diameter impact at high speed, has been adapted industri-

ally to auto motive steel parts or tool steels because the fatigue property is superior to that of a conventional shot peening process. However,
microstructural changes obtained from this process have not been fully understood.

In this study, microstructural change of JIS-SCr420 carburized steel (HV 7.55 GPa) by the fine particle peening process was investigated
comparing with cases of a conventional shot peening and of softer steels. In SEM observation of the carburized steel, although plastic flow
was observed in the region from the surface to a depth about 2 um, nanocrystalline structure was not detected. TEM observation revealed that
nanocrystalline layer with about 0.5 ym in thickness was produced continuously along the surface. In softer steels which hardness below
HV 3.72 GPa in this study, nanocrystalline structure was observed as the folded and layered deformation region, which existed locally and
discontinuously along the surface. Morphological difference of these nanocrystalline structures is considered to result from surface deforma-
tion modes by particles impact. In softer steels, the convex part in considerable uneven surface formed by the impact is folded and imposed
into interior region by the repeated impact and developed to nanocrystalline structure. In carburized steel, owing to absence of the consider-
able unevenness, throughout surface area deformed during the impact and nanocrystalline structure is developed homogeneously and contin-
uously along the surface. In a conventional shot peening condition, nanocrystalline structures were not formed.
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Table 1. Chemical compositions and properties of specimens.

Chemical composition

Vickers hardness

(mass%) JIS type Heat treatment Microstructure (GPa)
Fe-0.1C 85400 Annealing Ferrite + Cementite 1.20
Fe-0.45C-0.25i-0.7Mn S45C Annealing Ferrite + Pearlite 1.71
-0.2C-0.2Si- - T"! Tempered martensite 2.69
Fe-0.2C-0.28i-0.7Mn SCM420 Q ' p
1.1Cr-0.2Mo 0Q" Martensite 5.87
Fe-0.4C-0.2Si-0.7Mn- . .
1.1Cr-0.2Mo SCM440 QT Tempered martensite 3.72
Fe-042C-lO .02Csr1-0.7Mn- SCr420  Carburizing +QT*!  Tempered martensite 7.55
*1 Quench and tempering, *2 Oil quench
Table 2. Conditions of shot peening.
Shots Peening
Condition No. JIS type or Vickers hardness Mean diameter Time Pressure
composition (mass%) (GPa) (um) (sec) (MPa)
1-1 JIS-SKH59 9.8 45 30 0.5
1-2 JIS-SKH59 9.8 45 10 0.5
2-1 Fe-1.0C-0.78i-0.6Mn 6.8 800 30 0.35
2-2 Fe-1.0C-0.7Si-0.6Mn 6.8 800 30 0.65
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a) Sectioning

Shot peened plane

b) Coating

several microns Carbon and Platinum

¢) FIB processing d) TEM observation
Ion beam Electron beam

Fig. 1. Schematic illustration of preparation procedure of
thin foils for TEM observation by using Focused
Ion Beam (FIB) processing apparatus.
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Fig. 2. Cross sectional SEM micrographs at near surface
region of JIS-SS400 steel after fine particle peen-
ing (condition No. 1-1 in Table 2). (a) Low magni-
fication, (b) high magnification. Small arrows indi-
cate cementite particles existed in the layered de-
formed region.

Vav M- UK DERT BT/ SRR R &
LT, O EBEOM TR & B L B RBFEL, Bl
CIIZDHEREBA T 7 KSR CREGIC 2D 2%
CERTZZ L, @ F /MBI TR AR
LTEmEhenwZ e, @ B+ 5 &M T E
BUIFRSS U ORK 2 SHfll@e 23013 LT, /8
ERRIRIZ e A ERRE T 5 2 & s  BEplisk & JEIDE & PR
BIRREMR L TREICHET I I L2 R]EL T3, K
2RI TBIS S h - R LA & B o m Tk L
THR7 = 74 FEBEIIHBARAEEL, 2D, &Y
TEWHEEZRNTI L0 ORMERL TS, 7z,
FE RN AR SR T i Fig. 212 RFICRT & 5 A il &
A B4 P ERDNIKFIBRENIGEE H DD,
ZOHBIEI DR Q IZEPLZHEMERL TS, &5
12, Fig. 31" T K 912 873K T1h DB % i L T & BIR
I TAERR IS R & AR e R & R U CREBICHEEL, 2
DFEFIEHV 6.0GPaDEWVE X 2 HEF L T3 Z & &1
L7z BEDOZ s, ZoOBRMIMEONTIZ, Th
FTICHMEIN TS LD LIERRD T/ SR ER L
TV Ef@wROIT 5N d, Fig 2002HB W TREITRL 2
Wiz x> 24 Mg, BRI IHAKONEBIZ b2k
L7 @Rt L oM TELERICAET 580
LHERIXN D, ks, HEKH S SCra203 /5 A NHHBLER



Fig. 3. Cross sectional SEM micrograph of fine particle
shot peened (condition No. 1-1 in Table 2) and an-
nealed (at 873K for 1 h) JIS-SS400 steel.

Fig. 4. Cross sectional SEM micrograph at near surface re-
gion of JIS-SCr420 carburized steel after fine parti-
cle peening (condition No. 1-1 in Table 2).
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Fig. 5. Cross sectional TEM micrographs at near surface
region of JIS-SCr420 carburized steel after fine
particle peening (condition No. 1-1 in Table 2). (a)
Bright field image, (b) SAD pattern taken from the
area of $800nm, (c) dark field image. Dashed line
indicates the boundary between nanocrystallized
region and work-hardened region.
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100nm

Fig. 6. Dark field image of nanocrystallized region formed
in JIS-SCr420 carburized steel after fine particle
peening (condition No. 1-1 in Table 2).

Fig. 7. Change of SAD pattern at near surface region of
JIS-SCr420 carburized steel after fine particle
peening (condition No. 1-1 in Table 2). Dashed line
indicates boundary between nanocrystallized re-
gion and work-hardened region.
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Fig. 8. Dark field images and SAD patterns at near surface
region in JIS-SCr420 carburized steel after a con-
ventional shot peening. (a) and (b) are correspond-
ing to shot peening condition No. 2-1 and 2-2 in
Table 2 respectively.
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Fig. 9. Effect of initial hardness on microstructural morphology at near surface region after fine particle peening (condition No.
1-1 in Table 2). (a) Annealed JIS-S45C (HV 1.71 GPa), (b) quench and tempered JIS-SCM420 (HV 2.69 GPa), (c) quench
and tempered JIS-SCM440 (HV 3.72 GPa), (d) as quenched JIS-SCM420 (HV 5.87 GPa).

Fig. 10. Cross sectional SEM micrographs of shot peened
and annealed (at 873K for 1h) JIS-SCr420 car-
burized steel. Peening conditon of (a) and (b) are
No. 1-1 and No. 2-2 in Table 2 respectively.
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Fig. 11. Morphology of the layered deformation regions
(nanocrystallized regions) in JIS-SS400 steel after
fine particle peening. (a) and (b) are correspond-
ing to condition No. 1-1 and No. 1-2 in Table 2 re-
spectively.
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Fig. 12. Schematic illustration of morphological evolution
during fine particle peening.
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