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Effect of Chemical Composition on Physical Properties of Non-
magnetic High Manganese Steel and Its Processing Condition
Chiaki OucHI, Yohji KoHsAKA, and Masahiro UEDA
Synopsis :

For the purpose of lowering the thermal expansion coefficient of high manganese austenitic steel, the
effects of carbon and manganese content on the thermal expansion coefficient from 0 to 100°C were
investigated. The permeability after cold working and electrical resistivity were measured in these
steels. These physical properties were also investigated after addition of various alloying element such
as Si, Cu, Ni, Cr, Mo, Co, and Al in 0.259%C-25%Mn (or 219,Mn) based steel. The decrease of
carbon content and the increase of manganese content markedly reduced the thermal expansion coef-
ficient. The addition of ferrite forming elements did not result in increase of permeability, but electrical
resistivity was markedly increased with addition of Si or Mo in 0.259%C-25%Mn steel. Particularly,
the mechanism controlling the thermal expansion coefficient of high manganese austenitic steel is dis-
cussed by making reference to existing theories.

Hot ductility and strengthening due to controlled rolling in high manganese austenitic steel were
studied to establish the optimum processing condition. :
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Table 1. Chemical compositional ranges of steels investigated.

(wt%)
C Si Mn Cu Ni Cr Mo Co Sol. Al T.N

C-Mn Series 0.01~1.19 0. 30 0.13~38.1 — — — — — 0.03 0.02~0.04

C-Mn-X Series 0.22~0.28 0.33~5.81 17.1~26.7 ~3.14* ~6.08 ~5.14 ~6.43 ~3.54 ~0.67 0.02~0.05
Low C-High Mn 0.27 0.44 24. 4 0.09 0.02 1.65 0.02 — 0.010 0.04
High C-Low Mn 0.74 0.40 15.9 0.01 0.02 1.82 0.01 —_ 0. 003 0.02

*3. 5% Ni
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Photo. 1. (a) Fracture appearance of zero ductility specimen. (1.17%C-20.8%Mn steel, 1 200°C)
(b) Intergranular fracture of high manganese steel. (0.022,C-20.19Mn steel, 1 100°C)
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Fig. 7. The effects of (a) carbon content and (b)
strain rate on the hot ductility of high manganese
austenitic steels.
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Fig. 8. The effects of C and Mn content on the
zero ductility temperature (ZDT) of high man-
ganese austenitic steels. Strain rate is 1.1x10-3/s.
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Table 2. Changes of structure, permeability and mean thermal expansion coefficient by cold
rolling in 0.279,C-24.49%Mn-1.7%Cr and 0.749C-15.9%Mn-1.89,Cr steels.

As hot rolled After 50% cold rolled
No.  Chemical Composition ¢ Phase Permeability & (0~100C) ¢ Phase Permeability & (0~100C)
% (H: 100 Oe) X 10-8°C % (H : 100 Oe) X 10~5/°C
A 0.27%C-24. 4%Mn-1. 7%Cr 0 1. 002 1.07 63 1. 002 1.16
B 0.74%C-15. 9%Mn-1. 8%Cr 0 1.003 1.67 19 1.010 1.53
0.26%C~24% Mn 6_4205'3 C-13.9%Mn-1.8%Cr g (B#) i<ow-C, ThZhE
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Fig. 9. The change of mechanical properties with
the difference of hot rolling condition in 0.259,C-
249;Mn steel.
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Photo. 2. The change of microstructure with finishing rolling temperature.
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Fig. 10. The relations between the change of lat-
tice parameter and the change of mean thermal
expansion coefficient for various alloying element.

MUTCREDWTE, SMRE TR L BRRE L OBfRiIC
I BEEINMThh T\ 5. Fig. 11 X ¢/a ARFTY

o b OHBRETH) L FHBEEREL OBIRE ALY

DThHD. Fe FTF L0 HBRETFHDDI Mn, Cr
NI B AT PHBERELET I ¥, LOR
B Mn 23k &L, ARBEFHDOE Co, Ni, Cuxn
WL AT, FHRERERY ERERIEAIR
bha. LrLdRTOEETLRIOWT, FERRE
ROLA ¢/a X —FROCITEEA LIl
B OE Mo 0B cil, SFHREERDOZE(LA R
— L EDBFREE SO CHBA IR T\ 52072, Fe C
Mn OFHBEERIIRETHECETIRY, 21—
BOBEBVHIERRT. LarLlixdib Crieown

Fig. 11. The change of the relation between mean
number of valence electrons per atom (¢/a) and &
with addition of alloying element.

LR — AV EE T B v b PR REYET
B ED, RBEOLERCOVTIL, F—LEED
SHEABLF L4 Clev. ¥/ Table 2 iR$ X5
s, ASCEWCCIINLBEEERBC X5 ¢ HOLRAE
ETHHT Db LT, FHBREZEER O B hX
V. ABOBRBIFEET FTOX -4 (100% +—2 5
FA ) X 69°CwTHY, e fHoix— X —50°C
UFTharW. 20z &k, FHBEREROE(LI & —
AEIEED, —BELCHATAE LARETHD &
ERTHDEEL DD,

LIEDZ &b, AFETHELLITRTCOEELTE
oW, FERBE IR TV 53D X —Ac
BTHZL3REETHD. L HTAHRRCET 5 —HE
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& Mn RIERMERN O MEMERICEE T RS L WS EE0BRN 701

DESILED FT, FHBEEREREY ETILD TEHN
Mn, Cr DL THhote. RERELZRTELSIINRDOD
BRICRED, TOXRESE Mn 0k Cr 28508
ETHHZ LRHMBRTAD). JERES v A58
R DVERE M- PSR O R ERCE S hEREC X
5 EBHONTHD L, RbEREY b3
RTH%5 Mn, Cr OZBUBHELOLOXHEME
ik, FHBEERYETIES LD LHEX
ho. BKHEENRMNREECOR © VR X b
HEINS B LEEE TS E, Mn F 700X Cr O
X Mn-Mn, Mn-Cr o\~ Uik Cr-Cr JFF% © e
Wmdesz binlh, REREXENZE, o454
TROGMIZ N LORFHRHOGEEXER L, AERE
YRLZRDLBDEELBRS.

42 B Mn ZRIEBMBORERHY

BRBEOE M Bt — AT 4 L, KERM >R
7 COENDPAE LR T W EAEHIRTEN, +
DA E L TARBEOBIZ RELSK E\ 2 L 2B MT
WL B LInENET bR TERLY. LiaLibhL
X5, BMn Rt —25 91 ROBEEEBORE
HXFERMECBEI TR D, #sl7RE OEhH fEE
& 75 % R CII B 5RE D (LA R N S e,
FeE Mn RA— A5+ 4 OB T HEZER T
5—77, CEDWMAWHVGBEER ZDT OE T 442
T ERARL. EREORIMBLESER 7 T HTORSY
BaEETH L, BREFEOEMnRF -2 551 18
D ZDT 3FEHwfB\ & E A HESh, @lEhoxE
RE LT, BEMIMNENS D &R RERIA E
CEIWIBLA, EEROMBMBENR LS LT
HEEZDBRSG. COENLEMIRA—AFFA VR
DR LT, 2MEEY S CEBE Clomeds
EOHEIARIEELBbhS. ¥ EDLEETHE
HFeHEIN I 1000~ 1200°C DF B COEMAE T
IR AR LA DTHBZ Enb, RE OIS,
BREGOHEC X A2BIE i L ORBEOIHIC LELE
THZELIEELEZ LS.

ATV VAT EY, —RICAH — AT 1 ELE|E
BINEVD D) RIIEREEMEL, FAEALTE
DEBEHEILD 7 = 74 P MCHENCTHEMBEMEK ) D
BEANDFLEIVNZ N LD BTV, Tihbb
AETLRC XD BTN ) £8BO Hind BEL T
h3, EFRHELER I, EOHMnRI; -2 75
1 P ROBEWIL, 0.5% L EDOEREZERERT X 5 &R
AL DR T E . {620 TR RED K LEMIN T
M, BEM Y LIS, ERFLLEE

Mn Bt — 2794 MMETIE, FOBBERSEOH B
BELES. ARHATCRERBERNOEASBEIRCE
CEALIR TV AHIBEERS ML+ — A5 51 Ml
BAL, BHO%EEOBFRELHAY, EREEDH
A X ) SREREENTTRTH D L& RLE. -3
FF4 rRTOREBREER X 58L, BOEERSD
WIEREE AT OBRMOBRCE L. LrLro
THERF ORI, FEEROBMEIE, FEAGT
DEMBIEC LY, ZO—HAHEED B\ TERFILT
B, WEMIKC X% B BT, SBE-TEEMED
T VARBRTWAZ ERERIRTWAW., Fig. 91
AL XS, EREEC X 5HELIIERS X b B
RBEC LD BERHCE-TED, A—RFF1 RO
LB TREWNRHEEE L bRD.

5. & ]

S RIEREME LCo#EAY B, 0.259C-25
%Mn ZERFS ELICHMn A -2 531 0%
BYERECRIETELTREOEE, K IVBRESE
EREER X % @RS & OBl &M oW CTHat
L, UTORBREBL.

(1) JEmEOREMRR, FEAsc C, Mn Brr x>
THE IR, 0.25%C-25%Mn §Fic# 6 % ¥ COHHE
T7 =71 VREIATELZHRMLCD, FEREOLER
B oiuioy .

(2) 0~100°C DFHOPE#EERIZ, C BoE
TRIDVZFLIBAL, BRIETEOFTIIMn g X0
Cr ZFHMETIH, fOAETHEIVTFRI FRxw
5. G, Mn g2\ TikehFh 0.02~1.2% Hr°
10~30% DT, ZOMDALETLEICOWTIE 0.25
%C-25%Mn (Ni 22Tl 21%Mn) % ~— 2 &3
5L, ZERODEEDESIKRNTRENS.

a(x10-5/°C) =1.80+0.48(%C) —0.030 (%Mn)
—0.006(%Cr) +0.118(%Si) +0.087 (%Cu)
+0.064(%Ni) +0.056 (%Co) -+0.030 (9 Mo)
+0.060 (2, Al)

(3) BREHRL WTFhoASTERZEMLTD
ERTBH, ZoHTIE Mo, Si OBEIEE L.
(2)HLARDOBAHEAE LU - AP BT, &
B DEBDERIKRTRINS.

p (#Qcm) =39+18(%C) +1.04(%Mn) +1.35(2%Cr)
+7.88(%$i) +2.05(%Cu) +1.45 (%Ni)
+2.78(%Co) +3.48 (%Mo)

(4) & Mn RA—2571 o ZDT i1, C &

DEACIDELET T35, Mn BoBEIBENT
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RERFEBIN TV HE—DOFHBIC LTI T EFT
B LREETHY, #FH Mn, Cr OFEINC X %240
EROE T, RPREE o Mn-Mn, Mn-Cr %
71t Cr-Cr FFHOFERROBMC X2 T, KK
oMM EHIhcbDLHEEINSD.
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