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Microstructure, Low Temperature Toughness and Thermal Expansion
Coefficient of High Manganese-Chromium Steel

Hirofumi YOSHIMURA, Nao’omi YAMADA, Hiroshi YaADpA,

Hiroyuki HoNMA, and Teiji ITO

Synopsis: .

In order to develop the austenitic steel for cryogenic use, micro structure, mechanical properties es—
pecially low temperature toughness, and thermal expansion coefficient of manganese—chromium steels
with much amount of manganese as an austenitizing element, have been investigated. The results ob—

tained are as follows.

It is found that 25 Mn—5Cr—1Ni steel, selected as optimum base composition, has excellent notch tough—
ness and low thermal expansion coefficient of 6:7~7-2 x 10-8/°C.  Further the addition of nicbium, vanadium
and titanium to base composition result in the refinement of austenite grain size which increase the strength
considerably but decrease the notch toughness a little. Especially the addition of 0-19, niobium contribute
to the high tensile strength of 70 kg/mm? and keep the low temperature toughness ,E_ 9 more than 5 kgm.
The addition of nitrogen increases only the 0-2% proof strength.

(Received July 26, 1974)
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Table 1. Chemical composition range of

experimental steels.

(1) For the influence
of manganese and
chromium of stable

(2) For the influence of
various elements of streng-
thening by solid solution

austenite and grain refining
Mn : 5~35% Nb : 0-08~0-15%
Cr :0~159, V :0°05~0-109%

Ni : 0-05~1-07, Ti : 0°06~0-09%,

C :0-01~0'15% N :0°07~0-192,

* UTRREBROID BRI DN TIRIZEAY, 7, a, a’, sDTE R
"BikTRET.

Si :0°16~0-25% P :0°001~0-006%
S :0°010~0-0l4%
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Fig. 1. Microstructure of manganese-chromium steels. (Magnification : X 200 x %)
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Fig. 2. Strength and toughness 'of manganese-chromium steels.
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Fig. 3. Thermal expansion coefficient between room temperature and —196°G on
manganese-chromium steels.
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Base composition : O'15C-25Mn—5Cr—1 Ni—- (Ol N)

Base

steel

Y

Base

Nb

Base

009 % Ti.

,100;4.

Photo. I. Microstructural change by the addition of niobium, vanadium and titanium to

25Mn-5Cr-1Ni steel.
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Photo. 2. Electron microstructure of 25Mn-5Cr-1
Ni-0 INb-0 IN steel.
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Fig. 4. Effect of niobium addition on the mechani-
cal properties of 25Mn-5Cr-INi steel.
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Fig. 5. Effect of vanadium addition on the mecha-
nical properties of 25Mn-5Cr-INi steel.
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Fig. 6. Effect of titanium addition on the mechani-
cal properties of 25Mn-5Cr-1Ni steel.
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Base composition: O'15C—-25Mn—-5Cr—I Nij
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Fig. 7. Effect of nitrogen addition on the 0:2%

proof strength of 25Mn-5Cr-INi steel.
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Fig. 8. Relation between 0°'29, proof strength and
austenite grain size of the experimental
steels (d : grain size).
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Fig. 9. Relation between tensile strength and Charpy
impact energy of-the experitmental steels.
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a ROGEEZEDLY I, Mik(bic X o WEMET T
5EEERMONT VS a TOBE L7k h EFFE Ric
T35 ZOEKCODWTETOERL ML CHD.

— R aRTOBETIEY MY v 2 252D DIEEE
I RERMEBHEL R THE2E L, BEORAE
HEEET 5Dl EETELRLThE LT
WEEERREZ TEHF NS T L b, Fc
B Ni so#Mcs LT, BERRRT 45k L Bie
KNRCEETS v PEUTHDZ 2BBEIhTW
5070, e RITH T DEMAMERNLIC X 2840
MECRHT2ELETHE. —FH r FTREEIREGW
WRALEETH, rNETOHDORELDTEMSEOEF W
HDTHB. LIANTNEIMMEILTS 2 & iESR
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Base composition : 0'15C-25Mn-5Cr~I Ni- (0"l N)

Base + 008, O Nb
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~

6 || o wforsceomscrmon
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4 +008. OISND
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Fig. 10. Relation between Charpy impact energy
and austenite grain size of the experi-
mental steels.

O——=0 O'15C~25Mn=5Cr—I Ni-O Nb-007 N
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Fig. 11. Tensile properties of 25Mn-5Cr-1Ni steel
at low temperature.

Fid, FORERRELD &SNk XSS
REWHBREOTH IV EELLNS.
4.8 ERICHITIHE LMV

Fig. 11 iz 25Mn-5Cr-1Ni x— 245 % s L0 0011
% Nb FhINOEA& OKIRS BRABRE R Z =T

TS WBEEICEWT 70~80 kg/ mm? & 2 Dokt LEt
BRIBEFET & & DCTTERMC ER L, —196°C TR

- 120~130 kg/ mm? } 75 2. —}.0:29 PS it >\

R TSR T 30 kg/ mm2 BENS —196°C ¢ 70~80
kg/mm? rEH{IC FHTSH. LarLans TS &
0°2% PS ZIFEFTD LB LDEMNEE LA HZL

T%. —figic BCC %D a OBPETE TS 0 LHIC
H~T 0°2% PS O EARAPKEL ZTDESELILDTW
EREEAN LB 5h, —F 18-8 27 v afswL
Al 5¢5F 0 FCC HErHT5&B TR OBESNK

< TS O ERITHATPS O LFEM/NE KR T H I
HTH 5. 25Mn-5Cr-1Ni $HDBAEE, 029 PS o |
FRELKEVCHBRBEFFIAS P CEECETS.

—F ElieonTh 3 /D 70% BE 5 —196°C
D 30~40% ~LIFFERINCET T 55, —196°C T
@ TS 120~130 kg/ mm? 23 2 5 &, —fROFMIiE
U5 EE/ RO OBMR LT L, ZoOERFSKAE
V. ZoZE»SY 25Mn-5Cr-INi §EIE —196°C o
MR T D RE LR EZTRT Z EDbr 5.

Fig. 11 v Nb 0FED % S FEHCR LTV 525,
mE OBERITEIRTOMEE, MU D£E>E D Nb iiinc
X EREEL L, RONI/hE 3 v 5 Em» —196
°C ETIEEFTLTHERINTWS.

5. X & &

# Mn-Cr # — 27 34 MREGERMEAFEO - DD
AFTE LT, Mn, Cr, Ni, C OZLEOSHEII S
VAR, BRIAIMEE B X OB SERIC D X 3, IR
FTCRELLT 27 F4 MAZRL, »oEEME, K
BEIRETHTEARN - ARG ROBE, IHITIDOR~
AWHFRT B Nb, V, Ti, X 00 N ORshREs
e, XORREELDDLROLEVTHS.

(1) —196°C DERIATTRHRELT 7 HMEEBS
W, Mn-Cr g4y REERiC 35\ T 15Mn-10Cr & 25
Mn-0Cr & %% S8 ED Mo-Cr P ETH Y, Zh
wE BT Nil% ZHnT 5 L8 S S EcRE
5.

(2) MEIRHEEAT, FiR~—196°C O FHZhR
REBD S DL BAS VRS FRIEI2ZIMn-5Cr R TH 9,67
~7°2x10-8/°C %RL, 5T Ni 1% i CTHER
EREAEH BN DT T OMEIRFEE 18-8 257
PUARD 25D 1, Al 54:(5083) 035D 1 THS.

(3) Lo #RIVEIRET v T HENRED
BE< (TS §9 60 kg/ mm?), D RIF (LE-16=9~14
kgm) THDEVEEREAZH TS BlaFRELT 0015
C-25Mn-5Cr-1Ni B#A58E X .

(4) 25Mn-5Cr-INiZEZ~N—2AFHFE LCHERT
% Nb, V, Ti 5XUNORISIFEEZFKO L SkEE
RHx HHT.

(i) NbFmIsmRbsh R X v5sE LR L 0°10%
7T TS 70 kg/mm?2, ,E_4 T 5 kgm x5
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330 % L W B6l & (1975) m3e

BOBFREE LI VELBATILTHOEMTH L
THRHAFCEC DDLEFIO5NE. DX rFEa
5.
(ii) V, Ti 3 Nb [#kDOZHES D5, TORHE
B /hI v

(i) N 02%PS % REIBHDOIEERTH 5.

(5) 0:29% PS & r MFEOHICITEGHIBERED D,
Op2=7'5+2"79Xd-W2 L5 PeETcH ORXTEEXHh
5.

(6) 38 (TS) ¥l (v E-10) DOREICIZ, & DiTH
ET50%R5H0, Flz1E E-e 7% 3-5kgm DI EE
75 TS o RVE 80 kg/mm? T 3.

(7) B0 (E-1s) EEEMBIIE(D) DORIT HAERAS
B 0 AR T IEPIMERET L, —fRicadbhTtuvws 7
=74 FROGE LEDOHRMEZRT. Zhiz4+—257 5
1 PROFERFENCH O T Shizw MY » 2 i
BFREE LR RZEAT 20 BRI NS.

(8) 25Mn-5Cr-1Ni-0° INb-0'IN ZTo —196°C
ToM®EE TS 120 kg/mm? [J | 0:29% PS 70 kg/
mm? Ll FiGET S5, EEEOb DT El BSkE .
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