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Effects of Alloying Elements and Solution-annealing Temperature
on the Mechanical Properties of Austenitic Fe-Mn-C Alloy
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Tetsuo KATO, Masakuni FUJIKURA, Shin-ichiro YAHAGI, and Kiyohito ISHIDA

In order to investigate the effects of various alloying elements including S as a free-machining element
on the mechanical properties of high manganese non—magnetic steel, tensile and Charpy impact tests were
carried out in the anncaled condition. The mechanism of the observed large strengthening effect of V
especially on the 0.2% proof stress was investigated by examining Petch relation and its solution hardening
effect.

A linear regression equation which relates the 0.2% proof stress to the chemical composition is obtained.
The strengthening effect of ferrite-forming substitutional element becomes greater in the order of Cr, Mo
and V. Especially, the effect of V on the 0.29% proof stress is comparable with that of interstitial element
C. While, austenite—forming substitutional elements Ni and Mn have little effect on the strength. The
elongation and Charpy impact toughness show decreasing tendencies by the additions of ferrite—forming
substitutional elements and S. However, interstitial elements C and N hardly decrease the clongation
irrespective of their large strengthening cffect. 0.29, proof stress and tensile strength decrease with in—
creasing solution annealing temperature and a Petch relation is found. The large strengthening effect
of V cannot be explained by its small solution hardening effect and is rather considered to be mainly at—

tributable to grain refining by the V addition.
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Fig. 1. Changes in 0.29, proof stress as functions
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Fig. 2. Comparison of calculated and observed
0.29, proof stress.
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Table 2. Change in 0.29, proof stress per wt % alloying element.
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Fig. 13. Effect of V and Nb content on the 0.29,

proof stress and tensile strength of Fe-34
Mn alloy.

<, V1% %o 0.2% 1D #4513 fois 759 1
kgf/mm? LUFTHH (1) RSHHEI R 5 11.38
T BRTHEDT/ININZ E5RT. T
GIRMELFABTH Y VERIML T HIZL AL
V. ThBORERIE Cr-Ni s —25 74 v RBRA5 v
AHMOLRY LRAKOBEATHSD. —F, Nb i3 0.2%
77, SIRBIVThe bETFEMIEs. chbokk
RITFERBLE DB P I CBAE TR VOMIETE L L
TOFENEL, LrbBRTEROL ) bHEIH
X5 VOREBEHEENDNDINZ ERRTIOEEL S
ha.

—75, VIRHRTEE LTH L2 bhbDTV
DRI X 5 RIRERESTFEER S, & DA% RkHI
XD 7o 0.5C-15Mn-INi $fic V & EF I iin L
*—AF A MEMERE . ERY Fig. 1410w
T R VOl X o CEBbEE S ¥ LIREB D& &Lk
EZE L AL LV OB A 7o\ WEIEE C = DA
BRRREVZ ExRT. Fig. 14 25 VEHEM LA
BAROF —ATF A4 bRRIZ 173 THY Ve 1% %
MTBEA—AT A P RERBRET 30 CMML
SNBZ LD, (2)KX0bV 1% Y- ) oMk
fLiciER T2 0.2% WHDOHy %2 RD 5 L 4.38 kgi/
mm? THH (1)K BEEIRBV 1% Yi-b o 0.2
% THhoesy 11.38 kgf/mm? iz & 5% EHTe
. \EOE 7.0kgl/mm?® 13 EREL-CBEL A
DEEEBENE DL DD ThDEE 2 b h
B. Xoic, VIRIEC O TR SEED 2% L0
ERCRABRA T 0.2% e RdHER 0.2% fith e
D-12 L offico ¥ OBIFRAERD b,
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Fig. 14. Effect of V content on the grain size of
0.7C~15Mn-1Ni.

Table 3. X—ray|diﬂ'raction. spectra of electrolytic
extracted residue.

Measured value ve
(ASTM card )

d(A) | Ul d(A) | 111 | hki
2.397 15 2.40 | 100 m
2.077 19 2.07 100 200
1.468 8 1.47 50 220
1.252 6 1.25 25 3N
1.198 3 1.20 10 222

0.2%P.S. (kgf/mm?) =26.0+3.2D-1/2 ---oe.n. (4)

(4) RT 0.2% WhHORRBBERFHEDORIERDLT
Petch FEH Ky X 3.2kgf-mm-32 ‘Thbv, FiGNE
YEBEEE LREXYEL D2 LRI VHIEILA(2)
£ Ky=1.3kgf-mm-32 L HRBEH 2.5 FTH
5. Dk &b, VERMTSEZLKIDOTELS
0.2% MWHoKF M BRANCHEEEE Ky H»h3F
LBINT AL ERBRLTWS EEZELDBRS.
VORmE X 2@giEe LTRICRER T 29
AR oS ERRIERHEE IR, £ TVE: 0.627
¥in L7 0.72C-16Mn-1Ni % 10% @2 5 / —
CRIEE 20 mA/cm?, 20 BRI EARMLY T\ B
DX EEIHRE T o2 Table 3 ;R$ X351 VCHEI
DRE{EHHRD LRI, FZTHEBEFOVENLLE
CE0.72% 5% VC L LTCEHEIhIWACEY
kpnH e 0.01% THhh, (NA,LAF—RTF A+
e CEM 0.01% Bddao ey’ 0.2% I~

DRy 0.14 kgf/mm? i ¥iev s, i, ARREH

B 1100°C iz hn Bt ks L1 RABD SR BIR(LY D48k
K L b shER KR E Vo TR OFTHRAT S
SEBILILRE LA ERTEDLLDOEELLRS.
I, AR LAcL3CHIZEAE S % o\ Fe-
Mn-V Rt —AFF4 b EEL TRV OFRINC X 5 {08
LB FEAEABRT, VoulibizVELEDC
DBRFETHHARELD LBV ECOLBLEDORE
EACERE LIRS /ed, FVOomne X siER
Ba= % L ¥ OZEALC S BEEN D 5 O EEROMEHE T
B O TIRREWASE I LIt 2 b DML ST
OFMRHARBLETH B,

4. #

BERE~ v 7 vIEREMOMER 21T 5> b
WEF L LT, Fe-Mn-C Zok — 277 1 + GHOREE
1bBe7s ¥ LRIBOBEBRIME T /e bo R & HBRE
ERIETEETHER HTR—ED L DIV TEERIL
BNBBEOEE L Lb~NI, LK, VORI
ELWEBEO LD bt D CE oMb ou
THEBELL. BREBENTHLRDOEE Y THS.

L 0.2% it e {BELTHEREOM DM R Y
o1, HLFEOBMIRINLGY A D 0.2% (it H o
BHEELCHBRE Y - 54 rIERITHE V, G, Moo b
BLTVOZThNb Db REW. Th, RAMCHECE
N 0.2% i fi~DESY { EXBENDLhHCOE
NIpRELCO3.TETHD. &A—ATF1 +HET
% Ni, Mn % 0.2% it oMz E A E H 5 L i
U

2. FIERMEIEBRE T = 74 rBRTROHRINC X
DOTHEML, EEVOPHENRLDESRE LS DT
Mo, Cr olHTH 5. RABTLHEC L NoOFINC X 55]
EEEOHEMOEE VCIIEILTHEMTELY. LirL, &
— AT+ A rEHRTHE Ni, Mo 2T 5 L5REX
ITHTHTRHLPT LAHS OEREZRT.

3. [muitssEMED V, Mo, Cr #FINT 5 &H
D OMEEER LY M UICHAR L OES VA Mo, Cr
T BRTKAkE, Ff, C, NEHEMLUTHMHBOEE
Tl HhEIETEE LTCER S 2 im3 5 25058
WEMIET 350, BEEoHECLELREYH 0.05%
L CTHHoNL 60% Lt Knix 40% bk
S k-

4. BEBELBNBREY T2 ColERFEY XD &
B OHMERERIEESETL, 5EE®D 5 bMUtr L
AEERLRGHEDIMET T 5. 0.2% WAHLERK
&D L OBk OBGRIRED bhi.

il
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Fe-Mn-C A~ 27 71 b 440 BRMEETICRE TMER, BOmE kD BE 595

0.2%P.S. (kgf/mm?) =27.4+1.3D~1/2
i, SIREBIOBANEKREFNI0.2% MAODrhic
< HBNKE,

5 ¥y v —EREHETE V, G, Mo %N
35 LB OEELFS. LoL, HmINEsS 1% UFC
HIVEET L 20 kgf-m/cm? L) FofEE RS,

6. HREXEALBALBRE, S & 30kegl-m/
cm? L EDREERRL, O LREREERENE
TFBTELERHELTVA.

7. V2024 hEmEesEA Iz Corhic
VT 5.V OuRIEY B A TR A R
L&D R HE 7. 7 7

7.1 Vo X a8 FEROE /&L 0.2%
i OBEIMI - H@ LB FEBGRCHMATE L. X
7oV OREIEBEFELZ N,

7.2 ViXEBESEE T LRED Fe-Mn-C Rt — 2
THA P ESCH UTEE MM EETRL, REL
T BEE IR VEN S IE LR SR .

7.3 VORNE® BHMHCE L EED 0.2% b
D fE BB R AP R AT L BRI RE > 22 <
HRANEAEHE LGSO T BT KRE .

7.4 LIEMrBLVoRmXs 0.2% MHoE Ly -#
X BEENCV ofikrisb & Petch @ Ky HELL
RKELIRABZEERIDELRLDEEZBRS.

Poe o R % 3] X ot KEVEF KM (Bk) % B Emm 1%
PIRBERABRREFSELCECBHE LT FoE
BRO—FEoE L T oW ic B RPFERTE 3 s
JNZEBERW E S Hiflh L i 2 .
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