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Strenghtening of Steels by Nano-sized Precipitation

%
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Tadashi FURUHARA

Synopsis: Nano-sized precipitation of alloy carbides and nitrides in ferrite as a great potential for strengthening of low alloy

steels with an effective use of alloying elements. Recently, fine dispersion of alloy carbide formed by interphase

precipitation during ferrite transformation attracts attentions as a promising microstructure for high strength and high

ductility. Furthermore, surface hardening obtained by nano-sized alloy nitrides during nitriding processes becomes

more important for tough service condition of machinery parts. In this review, recent application of these nano-sized

precipitation in low-alloy steels are explained briefly including the research studies carried out by the authors

employing advanced nanoscale analytical techniques.

Key words: steel, precipitation strengthening, ferrite, pearlite, martensite, carbide, nitride, interphase precipitation, surface

hardening, nitriding
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FORAICE>THBICHIT DS /HTHFBOMRTRA S S
ICERTDZEZHFLIZ

SE Xk

1) mEEsa: APSER(zsR, (1999) , 139, BERE.

2) BFEFAR SR BMRE, (1991) , 73, HAWM
HMZER.

3) AN LBoE:BE-REDOEEZF, MHHES [MHHE
EORF®w! , (1985) , 132, HXEBF=

Sanyo Technical Report Vol.21 (2014) No.1



7/ hic L D HMOFEE

4)

5)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

W OIEZE177 - 178EIA LSS MiZEEE,
(2002) , 1, BFR#MEH=.

A.Ohmori, S.Torizuka, K.Nagai: ISlJ Int., 44
(2004) , 1063.

RBRM, LR, MnEsh:#EiE, 94 (2008)

553.

SR DOEFNSHE - SHECERMTHERET
O 1o MNEIED VRDD LEBETRRE, (2009) .

F2B D URDD LEETFRE, (2012) .

BKR—LEZRESEIST—TFR b [#BEICHS
ITHZREEME] , (1968) , HEAEEZ=.

T.Senuma: IS Int., 42 (2002) , 1.

BF—@FFTUH, 34 (1995) , 705.

R.W.K.Honeycombe: Phase Transformations in

Ferrous Alloys, ed.by A.R.Marder and

J.J.Goldstein  (1984) , 259, TSM-AIME.

Y.Funakawa, T.Shiozaki, K.Tomita, T.Yamamoto,

E.Maeda: ISlJ Int., 44 (2004) , 1945.

G.Miyamoto, T.Hori, B.Poorganiji, T.Furuhara: ISIJ

Int., 51 (2011) , 1733.

Hth, FIERSERI, EASE, f)lIERE, /& &

e, 99 (2013) |, 352.

E.Orowan: Dislocation in Metals, ed.by M.Cohen,
(1954) , 69, AIME.

M.F.Ashby: Physics of Strength ad Plasticity,

ed.by A.S.Argon, (1969) , 113, MIT Press.

D.H.Jack, K.H.Jack: Mater.Sci.Engng., 11
(1973) , 1.

D.S.Rickerby, S.Henderson, A.Hendry, K.H.Jack:

Acta Metall., 34 (1986) , 1687.

EAXREE, BREER, RREKRES, GRE B H0IE,
51 (2011) , 128.

G.Miyamoto, A.Yonemoto, Y.Tanaka, T.Furuhara

and T.Maki: ISlJ Int., 47 (2007) , 1491.

MR, FBRFE, RILLEFS, ZIUEE, MEEX:

i, 86 (2000) , 682.

mERE- ZBE-REOZEZR, MiHE2 (200

H@EomApzxl , (2005) |, 75, HAEEZE=.

alllET, BREX, ki 2B, aRTE, WE 19,

FEEF ., 82 (1996) |, 164,

Y.Tomio, S.Kitsuya, K.Qishi, K.Hono,

G.Miyamoto, T.Furuhara: Metall. Mater.Trans.A,

45A (2014) , 239.

EEME, MER" . HAERFRE, 19 (1955)

385b.

10

Sanyo Technical Report Vol.21 (2014) No.1



