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Tensile and Impact Properties of 25Mn-5Cr-1Ni Austenitic Steel

at Liquid Helium Temperature

Hirofumi YOSHIMURA, Takaharu SHMIZU, and Kazunori KITAJIMA

Synopsis :

In order to examine the applicability of the 25Mn-5Cr—1Ni austenitic steel at cryogenic services, the
tensile and impact properties of the steel were investigated at liquid helium temperature, and were com-—
pared with those of a typical austenitic stainless steel, SUS 304. The 25Mn-5Cr—1Ni steel exhibited, 0.2%
proof stress (PS) of 103.5 kgffmm?, tensile strength (TS) of 183.3 kgfifmm? and elongation (El) of 31.4%,
in tensile test, and impact energy absorption (VE) of 12 kg-m and lateral expansion (LE) of 1.0 mm in
Charpy impact test. Pestrained and aged specimen also showed good toughness. The austenite phase
in the steel was stable through the testing carried outin this work. 0.2% PS of the steel was approximately
twice as high as that of SUS 304 and depended extremely on temperature ; it increased with lowering
temperatures. This can be considered due to the solid solution hardening of matrix by carbon, nitrogen
etc., and also the grain refinement resulting from niobium addition. The discontinuity of the first stage
in the plastic deformation region of the load—displacement curve was considered to be resulted from slip

by extended dislocation with stacking faults.
mation hardening was not large in this case.

equally high dependence of TS on temperature.

It was suggested that the serration of the following stage re—
sulted from the formation and disappearance of the deformation twin and & phase.
High TS of SUS 304 was considered to be due to the de—
formation hardening followed by the deformation induced martensite transformation.

The rate of defor—

Both steels showed

vE and LE decreased with lowering temperature.

Nevertheless, the toughness of the 25Mn-5Cr-1Ni steel was kept high at liquid helium temperature, due

to the stable austenite phase without any sign of martensite transformation.

From the above results, it

was shown that the 25Mn-5Cr—1Ni steel was applicable to cryogenic service.
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Table 1. Chemical composition of specimens used.

Plate Chemical composition (%)
Steels B
thickness | ¢ | Si|Mn | P | S |[Ni]JCr|Nb| N
25Mn—5Cr—1Ni 13 1m 0.15 | 0.25 {24.50 [0.026 1 0.005} 1.09| 5.08]0.050 | 0.110
SUS304 30mm | 006 |0.90 | 1.01 [0.030 |0.006|9.10 {18.40] — ]o019]
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Fig. 1. Size of tensile test specimen and structure
of jig. (Unit: milimeter)
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Fig. 2. Structure of cryostat for tensile test.
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Fig. 3. Load-displacement curve of 25Mn-5Cr-
INi steel at liquid helium temperature.
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Fig. 4. Load-displacement curve of SUS 304 at
liquid helium temperature.
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Fig. 5. 0.29 proof and tensile strength of 25Mn
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Fig. 6. Elongation of 25Mn-5Cr-1Ni steel and
SUS 304 at various low temperatures.
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(I) 25Mn-5Cr-1Ni steel

Photo. 1.

() sus304

Optical microstructures of broken tensile test specimens in (I) 25Mn-5Cr-1Ni

steel and (J[) SUS 304 at liquid helium temperature.
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(I) 25Mn-5Cr-1Ni steel

(I) sus3o4 o 1a

(a) 0.2% strain, (b) 39% strain and (c) broken.
Photo. 2. Transmission clectron microstructures of tensile test specimens in (] ) 25Mn-5Cr-

INi steel and () SUS 304.
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Fig. 7. Charpy impact properties of 25Mn-5Cr-
INi steel and SUS 304 at various low temper-
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Fig. 8. Charpy impact properties of prestressed

and aged specimens in 25Mn-5Cr-1Ni steel
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Fig. 9. Schematic illustration in the formation and
disappearance of deformation twin and e¢-phase by
plastic deformation.

Fiane, WMOEMSBEIT S Z &I X DTHER &k
ZhiE, S FIXAHE L CHRBEEEITTORBIZED 5%
(Detwinning * e—y). ZOZLEHERIZ, S FLEFick
WTRRFHICETRL SO THS. Z0BR L BRI
Whbb Loy Fig. 9 THd. ThoHWEEE ¢ D
AR & TS < DRI hhiE, BREgomIE LD Fh
FEREL{AVIDLEEZILNS.

LA E#: SFE KV, L»dEWRH o ERERX b7
WIBED r HOLEERHECTHE LELLRD.

WielID# 4 Fie>nTERTS. 304 @ 0.22 PS
V3, 53.7 kgf/ mm? &, X %@ 25Mn §OESIC T
Pl DRV DAL, SEDOELXFERM U X S
i, 0.29% PS 3= bV v 7 ADIKE, EENFECKT
THEEXIDLNS.

304 ik, & 25Mn Ak W L ALERENLHR L, C
&2, NELrZ{Ey. 2oz & 5EEE(bA/IE v
7oz, 0.2% PS 23MEL, »oBEEREED NI VLD
tEZOLNS. E72 304 1T Ni BhE0EFHhT W5
5 SFE 0@ b, fghidic SF a4k 3
2, TOREEEED 25Mn Ric N5 ARV E S
T& 5 (Photo. 2I[-(a~c)). —f%ic SFE OBWE
Ni g (Flx¥E 70N1 §iis &) 1k, KBk >Td PS
BHEDVEHLSLVOEHEEDDOTED, ZDBED
ZHITHEBLLTW 5.

304 @ PS MEWH 5 —0oDHE T, FabEok
SHH5. PEE 30~40p THYH, XED 25Mn
RS & aricKEV. Thd PSEELILTVWS
BEO—DTH 5.

BREE2 L — > 2 RNV SEWZETY LRI E
205 ZOMBVIITERE, )RS MEE R
. FrbbRHE-ZREET, En PS 2R L, By
TS #RelE, xO¢r5 El k& 745, It
EhE <, ElpREvoid, B LB eyt
35% O a' FPSBHEEIN/Z &k X UHERE & oK E
(Photo. 2T[-(c))»LHEL T, o LREIC X SN THE
Lotk ZREFREMI X530V EE 2L E. &
DEZEDEV - 2 VOFED, FBOTE L, SFLER
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Fig. 10. Schematic illustration of relationship be-
tween load-displacement curve and deformation
mode in austenitic steel.

HREELTWE30EFELLNE. WD o o
X, —100~—196°C D& oH 23, L He AEDIES
LI, ZhT o TRED / — X (noze) BBz D
MEFBICS b0 EEL LN, TS p5 —100~—196°
CT 25Mn DR D IEL DTV 5 2 & EXHE
A<,

LLED, KEBRICETHERFC r—a’ L8RS
BEDEHETHS.

ZDXDI, 7MOLWKRMEE, BEIEEL, &R,
RO AER X O o' BOEEISHECER LA
TEELHDDTHD. ZOXINFEXT, FERITRKT
5 7 ORI E-LAEMR & Zh SZERRME E OB (% 218
RHNCERT 5 & Fig. 10 DX 55,

25Mn $fio> L He JEETCOSEERMS S &0 LT,
ZhE MR COMAIHT 2 EH Lo I 2T
HH L, MEBCEOPTHIRE LLTHETRL, ST
T & LBERTEER T2 LELZLNS.
5.2 3 &

25Mn i TUE, KB ZR 513 EBER LR USIBILS
T35, dEORBRNENINEL, BFRME LTOR
PSR S S FETE, ThZd8EM s LTRRT
b2V, L Liss, L He fET vE 48 10 kgfim
LAk, LE T 1.0mm Bl E (v vV E—FERBRE DT
WY A XZRWT) 2REE, EEEEmE LToFER
KT 53R EE LT+ s vwa 5. flxiE ASTM
%ﬂ*%UD@ﬁﬁﬁﬁﬁfﬁ 9% Ni $H T, VE_196=>3.5 kgf-m,
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ORMRIRHIMESIF L A ELDbLR W &b, ZOM%
BRSBTS T2, RHETAETHS &
5.

304 13 PS 2MEW R EIMIEE V. NI S WEg =
Y v 2 2 DBIEAE LT, £ ERIEASK X VWD,
NI TFRIRE UCOREERIR B <8 i L
TEATHS. IHIBEERERICI VT o EiERLF
Wz A v F ZRIRL, vVE O KT H47%<, LE §
ABuboLFEZENS.

6. &t 1
25Mn-5Cr-INi & — Z 5 3 4 M RIT DWW C, MR I
B HERE XL OEHERR Y, (EROoREMNA —2 575
4 FATH B SUS 304 & Helg LA 5TV, FRERRI
BI5ZRLOBRICOVWTERL, ZOEEBICsT
B AYLI O EH O TTREHEIC DU THRE L. £ DRSS
FELDDERDESTED.

(1) 25Mn-5Cr-INi & — 27 34 MED 53R 3 5
kT, 0.2% fith 103.5 kgf/ mm?, 5|3R54 = 183.3
kgf/ mmz2, {fR 31.4% p3x 5, EEREBRCIITIN
T v ¥§ 12 kgf-m, REFEHE 1.0mm Sl Epx 5h
7o. EHRERITH T BTEIE ICTFES+HRZHRIT
BWTHBEOETIEAR L, »2unTFhoiRicisvy
TH ey 44 MERBEShrDk. 2ol eh»
5 Z OWMOMEIR TOBBIE-FFTRRTH S LA D.

(2) BEERBICH VT, 0.2% figHhix SUS 304 @
FRIVPIEELEL, ThE= Y v 2 AOREEE
{t, XbIESRENBNINVWIEILIBEFZELILNS.
T E-ZEALHR I 3 0 BREBOZET T, X 0PI
REFER RSN, THIXREXRMEE & dioicih
EEMIZ XD TRVER I D EHFLON, TORICH
NoPEWELEEL—aid, MEBXC e HOEREH
RicLdIDEDEZERLK.

(3) SUS 304 1%, 0.2% WA EV2%, SERES
¥, 25Mn-5Cr-INi & SIFRICET &v. Zhixfz
RBOBHICE T, w744 FPERIC X DT
b RENWDHEELILND.

(4) FEEABRICHVTRE, BT IE SRR 2
¥R X UHEBEEEXETOEMEZ R T2, Thix 0.2
%I NABEL LBl LELLNSE. —% SUS 304 11
TR DT HET Uiy, i, 0.2% fithasys
ca,§%¢®vwi>#4b%@mlbm1@m$x
IOHEBRENC LT, HEINVFORBRPEHD
HEEZILND.

EFRRITIC DD, WRT — % ORFTCHIBIE HIFE

Bew/e?l g LTRSS, BHS B2 < HHit-

LR ET. & AEBRBTCE LTEB v ciinie
¥ B AR gk (k) 2k BRI & B K I X O EfBrse
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