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Tensile and Fatigue Properties of Austenitic Stainless Steels -
at LNG Temperature

Koji Muka1, Kazuo HosuiNno, and Tokio Fujioka 3
Synopsis:
Tensile strength, fatigue strength and fatigue crack growth rate of metastable and stable austenitic
stainless steels at the temperatures between 20°C and —162°C have been studied. Microstructural changes )
of specimens during tensile and fatigue deformation were also observed. The results obtained are as fol—
lows.
1) 'The proof stress of metastable steels slightly drops at low temperatures below about —100°C. This a

is due to the inducement of e-martensite by tensile stress. Addition of nitrogen makes austenite matrix
stable and rises proof stress.

2) The fatigue strength increases with the increase in tensile strength which is raised by the inducement
of a'-martensite in metastable steels and by the solid solution strengthening of matrix due to the addition
of nitrogen in stable ones.

3) Microstructural changes of tensile and fatigue deformation are characterized by «’—phase formation
in metastable steel and by planar arrays of dislocation pile-ups in nitrogen added stable steel at —162°C.

4) At —162°C, fatigue crack growth rate in high AK region is larger in metastable steels than in stable
ones. This will be attributed to the formation of a’~phase at the tip of crack. In low 4K region, stable \4
steels exhibit large crack growth rate and this is due to a rapid propagation of fatigue crack along the slip line.
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Table 1. Chemical composition of specimens. (wt%)

Specimen C Si Mn Cr Ni Mo N
SUS301 0.11 0.51 1.12 17.33 7.57 —% 0.008
SUS304 0.07 0.54 1.10 18.54 9.04 — 0.008
SUS304L 0.008 0.52 1.09 18.47 10.03 — 0.009
SUS310S 0.06 0.55 1.64 25.86 19.76 — 0.029
Type¥304LN 0.012 0.59 1.18 18.41 10.21 — 0.12
TypeL316LN 0.012 0.61 1.70 17.11 13.52 2.74 0.18
Nitronic-60 0.06 3.83 8.10 17.18 8.02 — 0.17
Type 304N-1 0.06 0.45 1.17 18.02 9.77 — 0.13
Type 304N-2 0.06 0.50 1.24 18.08 8.48 — 0.17

* Not analyzed
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Fig. 2. Tensile properties of various steels at tem-~
peratures between 20°C and —162°C.
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Fig. 3. Volume of a' in various steel specimens
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ween 20°C and —162°C.
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(2) SUS 304

(b) Type 316LN

Photo. 1. Scanning electron micrographs of fatigue crack profile at —162°C, 4K=67kg/mm3/2,
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steels at 20°C and —162°C.

TOREBLEE LD THS. SUS304, type 316LN
Ed SRR NEETT 525, TOREBRERIZEL
WERRLLNS. Tihbb, SUS304 13 &R Aeumic iy
MEERAGE TR L, SEIZOEBEMOMERE
THERHCRELTWS.

—7, type 316LN 137XV RICIBOTEMMNTELET
LEEANAEDh, ThbDTRDBENZEERLEED
EESHEUBER LTV Bl TRVRCHBE>TREL
PEROEX ISy BEOLORIZEA DD

F 7=, SUS310S DK 4K L ~vTH§XD R/

e EROFEENRD .

3.4 —162°C TO3REIUETBRICHTZMEN

HRTIE

7 FROSYER SE T J1 D& SUS304 & r MREKET
E& LTNTHEEEIRh T3 type 316LN, Jinbbil
Bk & RS BRI 7 o DR R AW T, B3Rk L UK
¥R TOMENEMZELE —162°C THER L 72308
THESE L. ‘ '

Photo. 2 (z SUS304 » —162°C <o BREMERZ R
T. 8% OFARTIRERMNE & 3 ITHEEHB S < iz
hb. '

ZHRHIRE R EFREIITOME, hep HEZH L,
»0, rHO (111) TR &5, e-viVvFo 9
A M(e)MTHDZ L3br5. |

15% 0T 5Tk o' HOBERENE L 5N, Miak o
ME r SBRCRAELR LB AEBE 2 LT D
25, e HHIIE LA FEEIN O

Photo. 3 7% type 316LN 0> —162°C iz 3313 % 8|25
B2 RT. 3% 0F B TIRRPIC IR RIS MIE S 7o KL
BRL, FRBBRHL SEBDONS. 15% 0FHT
VERALAS T O T I B R LB R R 2 5

SFEI, EHERITI B MBI LI D W T A

%. :
Photo. 4 iz SUS304 o> —162°C T3 M%7
. ZZTRARKEH 65kg/mm?, FibbigARD
BT, Lad N=200 2 w5 TLF0ES ERLH
BLEbDTHS.

MRERBII AR TR —Td 27208, TDE~
DERRLDOER, MED e f8, H5 VXTI 2RO o' RS
Sh, ZHOMNEELLLELEBZERLTWS.

Photo. 5 {z X type 316LN & —162°C T O35k

— 100 —

é




LNG BERICRFLF-ATFFA4 P RATV VAROSIIREM: L ¥k 1761

&l

€11210]

s

/700171 ]
(a) 3% Strain, ¢-martensite (b) 15% Strain, a’-martensite

Photo. 2. Microstructures of SUS 304 after tensile deformation at —162°C. Right figures are
the electron diffraction patterns at the areazindicated the left pictures,

(a) N=200, e-martensite and dislocation pile-ups
(b) N=200, a’-martensite

(a) 3% Strain  (b) 15% Strain Photo. 4. Microstructures of SUS 304 after fa-
Photo. 3. Microstructures of type 316LN after tigue deformation at —162°C, ¢=65
tensile deformation at —162°C. kg/mm2,
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(2) 0=95kg/mm?, N=200
(b) 0=95kg/mm?, N=5% 104

(¢) o=75kg/mm?, N=103
(d) o=75kg/mm?, N=106

Photo. 5. Microstructures of type 316 LN after fatigue deformation at —162°C,
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Fig. 9. Effect of N on 0.29, proof stress of type
304 N steels at temperatures between
20°C and —162°C.

200

/mm?)

4501

g

® SUS 304
= Type316LN

Py
o
o

True stress (k

(3.3
(=]

0 0.1 OI.2 03 0.4
True strain

Fig. 10. True stress-strain curves in tensile test

of SUS 304 and type 316LN at —162°C.
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LEMX N TEY, —162°C Tx SFE KTk v
BEATEIANVE planar FEE & 7 5 Z LRI NS. B,
Nt SFE 2T X #5125, SFEZ A4S TN
1% planar 7tERFIEFIEZTERT 5 LD vbh Tn52.

WIFRIZ LT3, NERMLUARE r s vwTig,
IR IT 313 B U RRR(LAEI < D iEhrfi3)2Y planar %
ERBRL, BNORETNYORBESEZTELTNS.

—%, —162°C T SUS304 DB[EISH—OFHpH
iz, < v A FERBEHERET S0 type 316LN
LRRMEBERD, 8% MOV TAREZRCHA XS5
DOEBCR S TESD. Tinbb, Fig. 10 WiRLAcX
51z 8% OFHETRIMTELED X bod TRV
(A), £ LTXhEEOOT TR RAE LM b3 E
L5 (B)TH 5.

Photo. 2 127k Lz k 51z, A{EETIX ¢ HHOFEF, B
T o HMOBREIRFRTHS.

GUNTNERZD|Z X % &, 18Cr-9Ni §fio> —180°C &k
FHBIEETIL, ¢ B1X 7 % RIBOOTHATHRKRELD,
ZFOBIIBMOTHLEHBESN TS, 2O LEKRBE
L SEHRIC—H LTV 5.

—162°C kT 5 SUS304 DT 5RZEEN, ZEKOH
I e MAZAR L, OTHOEMKI N ¢ »a’ EBRBHE
L o HOEEBPFELL LS. £LT, AfEBXr—
e TR LS HMER T X WARFTTRVEREELD
SR, BAEBUE o' FOARIC X HELITX D EWINT
BWLEd b THEEE V5.

4.3 —162°C TOEFH %

Fig. 4 5t Fig. 5 WiRLAZX ST, EFHRED
BuiEhIm o0 2 4 FrHyEEINSE. bbb, SUS
304 TREIND LS RELE ML, type 3lI6LN T
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1764 % = W

% 65 4 (1979) 4122

RESNDX S5 BENGF e TH5. Lnl, Fig 7
ALK 51, SUS304 & type 316LN ‘G133 B
HICERIND OFHBICREN L U, WEORESERE
TOWEZEENIRL 5.

Photo. 4 IZR L7z X 51z, —162°C T SUS304 o
B HFRVIAE L ORI S8 o' FEER LT W
%. 3-2 TN X 5z, SUS304 2 SUS301 o> —162°
C iTH1 B Tl hiBIT T o M4 FaE L
<, Thix 42 TlR~7- X 5 5B REZTE © o B 4GB ic 41
HLTWDd. ZOZLpb, —~162°C TOMR-ESE rHD
5 BENIKRE LW 55 EECOZ L inT b AE
BUCHEY L, EHFREDOR E o M X 3bicER
LTWbZ &nbhb.

—7, Photo. 5 |zR L7z ~162°C G type 316LN
DOEFHSE 55 &, R UROBMcE>T, B
AP DT ROEANOEBAN LB L, FHERTOM
M ERERcOEREF}HE LTV 5.

NS 72258 7 D —162°C TR KL,
B LBIOBEE & BICH3ERTD Stage T A5 Stage
I ~O¥BH:3E % & b, planar TIEMEFIZ 2 L, H
BB N THIRRN OREEFT R ZEHEC LTS, =
DT LEHPEENI X 5EBREOR LICBE L Tw5 &
Ez2bN5.
+4 FHEVRRICRIETT ¢ BHLOTHRBOEE

T HR R E T SUS304, 304L DyFS; X ZURLE- R
W&, Fige R U7k S5, —162°C & 4K v~V
ZBRVT, rMHBRELMEL VRSV, CoBEbBo—
DELT, SHLRCTFERIhEL o HOEBERH TS
h, o' HOFHELC XD TENH XHOBRENRESINS &
EBEZLND.

& 52201 SUS304 % v T SR T D JFS X5l
Opp DFET o HOWMKE FER LT, SUS304
DR EWI L DI o' MEBHL, 0 a' HoOH
RERPEEL TN Z LT r REME B 5.

B SRRECRIET o HOPEL LT, Bho?
1% SUS304 O Rk 2 B2 L ofE®, SZNE o' FEO
MR B U CHRET 5 L H LTS, £, A
L2 D 20~27Ni §iic X 28R TIE, 7#E o HO
BEREEFEUBKET D LE2HBVWHLTED, °h
Woa' MHE r HHOMBEENKE < HRE LSS TIAER
CHEBPT LD EREIR TS,

SROJPEMUES N B FEED o HOMLick 53
Doy yHHE o FHOBEETRRE TS S O L
W, WK LTh, a HEEERTS D O ThhIES
DREHERICLHBE SIS I TTHS.

a' HOMERBAMETF C, NitksxRxh,
C, NZEET5Z L Ta HOBERETIRS 520,

Fig. 8It R L7z X 51z, —162°Ciz 5\ C CEDE L
SUSS04L. 0% & Bk 23 SUS304 X DR TF LT
Wb Zlid, CEDERITH 23 o HoBER K
HALTnwdeE25h, o HBERZETIES & & CF
FERREREL TR LDEZ ERNFRINS.

—%, —162°C D& 4K v ~UTE, 7 HEORER
SUS3I0S, type 316LN % X U B NIELRE 7
WX v RZ\.

Photo. 1 (b)izR LA X 5z, type 316LN o0 —162°
CTOE 4K v ~VTIE, ¥ SN TRDBITEDOT
BEL, ThOOFTNDEEIE K ULHSRERIC
ESHEPEE LWL FETREAE, 2hdbodR
DIRSBORIHHIO o FLE L LBk X e ibE AT %
BLTWBEZ ETH5. type 316LN > —162°C it
J A 4K VOV T O & WS EEE, Fig. 8 1o
WLk 5T, leyce 70 10-24 %5)’&*6‘36 D, mEE
BADOREWT RN REWZEEBOWECRETS 2
ET, v 7 oI E B ORENED S X R
BREL ok EFE2 N5,

4.3 TR/ X i, type 316LN & —162°C Tb
BT planar ILERAIEISI% B35 & & 2T,
MR LIEHDD LT, OFROERINT R # %
HAPRETHZ L3R TE5.

LirL, & 4K v _ThE type 316LN ofFss X 51
BEEEII/NE b, SRERCOOFHORIVE
AK VAoV TR, FRDEORMSZE L L, ik
XS hs o 2 nE250%. Zhii Photo. 5
R L7z type 316LN DOIRIGH & IS0 S
HETHhIZEL 2 Th 5.

Photo. 1 (a)iR L7k 5T, bLHBAMEL 2T
% SUS304 D% & B MR/ EAG Y B RE
LTWSZenbd, B 4K L RVTO type 316LN o
SRBEEEEDE T S ZE R OREERAIN X 1 hm
LEhd 2 TR LTV DL ELLND.

72, TRDBTB O E8OFA1: SUS3I0S
D AK L RVTHHEBR, DX S higERERNOD
BIRITFTHDOPIHABTTERVL, WFhIZLTD
W57 & e COMBMBIRBCES LTw5 3 0TH
55.

5. #& =

EZEO ¥ RRAF UV RMERV, SE»S —162°C
TOSRBEE, EHEE, B XURERECRET 7
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LNG BERIZE I LA —AFF4 P RATV VRO RRE & IE 5% 1765

SRoEpE, < T YA MERE, BIXONRMOFEZKR
HL, kO XS kmRE2Ex.

(1) #RErMomig —100°C DT ORE T
T¥5. Zhidr— e ZRBICHES BRTER 2 r HHOMMR
DR Us e iE Lz LS.

(2) NoFEmcky rHERREbTs L &S IER
L, WAEnCEL RSSO, £, NI
X 2 EER LR ESME T T2 3 C AT 5.

(3) EHEBEIFEERI O LR O THEKRTS.
WL r T o i X B38(kic X 0, BE v TRE
BN X 5k X WESRENEDOND.

(4) —162°CTD558, BITEHTHTFLETH
B, BREMTE o HMOBER, NERMLLRE
7 $MTVx planar JrERAIECFIVMFATH B

(5) —162°C T3, %% rMOEY S REEEE
W18 AK LAV TRE WX VAR L, EREIRCHR
Xhic o HEAEYSBORELZEDD Z EBFELLN
5.
(6) —162°C T 4K L ~VTIE, RE 7 MORE

% S WUREREIRLE r MIDREV. ThRREY

MOWEH ERPT RV BB/ OTERT H72DT, 2O
X 5 I HETZRR & BRI C O MIRKLSTERRICBIS L T
WHEHEZXLND.
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