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Mechanical Properties of Cast Stainless Steels at Low Temperatures

Toshio OGATA and Keisuke ISHIKAWA

Synopsis: )

In order to estimate and predict the strength of cast or welded structural materials at 4 K, the mechanical
properties of columnar parts of cast austenitic stainless steels were investigated. Compared with hot-rolled
materials, the mechanical properties of cast materials at 4 K were reduced to 65-84% in tensile properties
and 26-36% in absorbed energy. Fracture surface of tensile and impact specimens at 4 K showed the
retained dendrite morphology and cracks were observed in matrix. The impact properties of cast materials
at 4 K were improved by solution heat treatment. The mechanical properties of cast materials were affected

by not only delta—ferrite content but also solidification structures.
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Table 1. Chemical composition of the steels (wt%,).

c Si Mn P S Ni Cr Mo Al Nb N
304L 0.012 0.69 1.69 0.034 0.026 10.24 18.1 — - — —
3108 0.07 0.77 1.65 0.021 0.003 19.76 24,50 — - — -
316L 0.019 0.52 0.86 0.03t 0.004 12.75 16.55 2.15 - - -
25Mn 0.22 0.86 25.6 0.024 0.001 0.97 4.67 — 0. 009 0.043 0.040
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Fig. 1. Arrangement and dimensions of tensile
and impact specimen (unit : mm).

effkrFARC Xy BB L. BEMOBRESRBI LM
LA B D 3 OR R D BEE R E A HEZE L T W ERR A
TOBBRIMEY B 5», Fig. | WRT I 5EHM
B> RS & S AT ST R R & B e,
SRR OPATEERIR 6.25 mm, FITH 3k 32
mm ThHo, HERRI XIS4T v v — REBH
ThH. FIERARRS IOCHRRBRY ch iR (293
K), Wh2REE (T7TK) LU TEE~Y v 2EE 4
K) &R\ tfiote. FIRRABRIC ST 2 WIEAREE L
3x10-4s~1 ThHB. 4K ki s v C—HEARR
RRBRAZES 3mm OREAF v — VI TULH, KIK
~V v LB LA BTk,

RBRELOT v ¥ 51 k% L@ 5 BKB IR ERE
A (0.2A/cm?, 40s) X oTEHELE. FY FI4 L+

WERGACEERACES T IEOFY FI 4 FOLD
LEBHOEBEMEL, FOEFBEILILEKTV FI4
b T = A=YV T RS, FRT VY FFAL
BEFACETRELB VT 2k T — 20O FEHER L
BDLETFTVEFA L T —b« A= 7Lt 7
=4 BE 72541 Aa—7 (Fisur #H) ©
I OoTHELL. MHEOERCOEMCEEY 525 0
7234 VERBIOA - AT A P DREMCFIET
BETLFEOEE Y f{AXbkd, r7an (C), =, 50
(Ni), €9 77 v (Mo) ottt (Fv FJ A +EkEE
DEETHKRRE/TV FI 14 +FOHMOBETLKERE) %
=3 F - EBXERoIERE (EDAX) o> CER
Lic. BREMEROBESMELTANDL D, v~ 270 - &

o N —ABEHIC I FV N1 MBS E T F T4
PO OBEAYREL, FY P34 FEEREFT VY
74 PO E A RS e,

SRR R X OB Ol & & &R E FREMESE
ko Taigg L .. SUS 304L, 316L -t 1100°C, 30
min, K& OBEELEALE % i U 7okl 2T WA
DRBREIT Ok, AERTE LR T — & 0 LERFO
Fodd, BRSO BRBIEERC BT 5 & B9 % B EEEH
L, ¥BTEC— 2BEMCRT BRI REM L
LTEBLI.

3. R B & R

3-1 EEES
Photo. 1 EEH Lo~ 7 v KA ~T. M
M HRREEEST 15 225 20 mm BERREIMED

a) 304L b) 310S c) 3I16L
Photo. 1. Macrostructures of the steels.
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Photo. 2. Microstructures of longitudinal sections and transverse sections.

Table 2. Ferrite content (vol%), dendrite arm spacings and segregation ratio of the steels.

Ferrite content Dendrite arm spacing (#m) Segregation ratio Xickers
ardness
(%) Primary Secondary Cr Ni Mo ratio
304L 5 — 25-40 1.15 1.26 — 1.22
3108 0 158 40 1.10 1.03 - 1.04
316L 0.8 208 48 .11 1.16 2.06 1.15

SRM PRI S E R & Ao DT B,

Photo. 2 W RBRA 4B L 7o 30r (v 4 A € —RBRK
7y 9"':]5'9{%15) DEERFIC T H M (Longitudinal)
BIOEENRHH (Transverse) oLZ&MEDF v F5 4
MEBE AT, 304L AEBR CIRARESNT O EO
BE B SR fepsotz. 25Mn s s\ i, BB
TV NS4 BB BRI

Table 2 KHEIE LI 7 =54 VB, FY F54 b -
T =k A=V 7, BRI OCEEROKELYR
T. ZORE7 = 54 rEx SUS 304L R\ T 5%
BERSKhBH, 316L ciiEchy 310S iIiH

SN Dl. FYFRIFAL P - T —b « AR—V v I3
1 %A% 160~200 pm, 2 %kANEIE 40 pm Thote. &
DRERHRZIEILDD 05 — 2 LHEL T, KERCH
WSRO RBR BB TOFHGHEE L HET 2 &
BLx 1°C/s thH5. ¥ Cr L Ni oFEHHIT
1.1 235 1.2 T SUS 816L ©wisidF 3 Mo ofE#i
Hdi#y 2 eh ok, BEMMROBEE I Ni ORI
HIGL, 125 1.2 BECTT Y FS1 +r BEHoH»
BERENDI. 7 =54 V&, BELEERLESWM
BHZ Lo T L s hote. .

— 209 —



210 % L #® 73 4 (1987) 1%
3-2 B3RS gl 5 T 304L310S316L
Fig. 2 1= 4K 15 3108 5 X 0t 304L o BT o - o a0 Hot rolled]
= 1500} e 4 m cast -
im]

HEb 3 L OBEEM AR Eh o B - B iRy R T, B
MEIEM & N CEEM CIIBEIMET L TWhWb E LD
i, e 3108 TIBEREEOAREREY (v v —v
aV) BELD ¥CoBMNENMML WS, Thik
25Mn $fcd HEOERERL T,

Photo. 3 ZB[BERBRBEORBE OEF% SUS 316L

10001

DFITRT. 298K CHRBAREOIMMMAM L < HAK gd:é,
IRBRERS O BT o X ) L Bh, Table 2 ORI 500 55
ThHHEOLN X S CHBROMEXENHECHLLZ L% N
RLTW%. BREGBOPEERC 5 IC>h TR Fg
L5, &}

Tensile strength & 02% proof stress

KZEETOEERBRD 0.02% [if /15 X 05 3EMH Xk
B2 Fig. 3a) R, BRSO CEEEH & 2
MIEEER & DMLY, BT RE X A B EEMN &
HRTRELETLTCVS. @B X > TETOES
MBI B DS, BRREEHM © 65~84% Lic 0T\ 5.

Fig. 3b) oo RRBREER X 58bER~T. 55K

o

293

100¢ :

19 4
[ 4
.2
W g, 508 i
[ - .
[e]
o y 4
r“/ -
o~ 304L310S 316L .
| © & O Hotrolled |
ol , ® A m cast b
4 77 293
hot-rolled Temperature (K)

a) Tensile strength and 0.2% proof stress
b) Elongation
Fig. 3. Tensile properties of the cast and hot-

10% rolled steels.

Displacement

Fig. 2. Stress-displacement curves of hot-rolled

and cast specimens for 310S and 304 L at 4 K. nzc_' o 4K
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Photo. 3. Fractured specimens at various temper-
atures for 316L.

Fig. 4. Comparison of tensile properties for 316L
at 4K in hot-rolled, welded and cast materials.
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a) 304L b) 310S

¢) 316L d) 25Mn

Photo. 4. SEM fractographs of fractured surface of tensile test specimens.

HRECORBE & ARCERIC £ 2 1c o CTERIEIEH &
BEEM L DENENDOT WS, gBEM O 4K ©t e
K XBHUDEINILK 20 % T, BEEEH DR
FE¥E i oTnab.

Fig. 4 wzh¥cfToCE -BMEEH®, EF v
— ABEMY, B £ U CEIRLBULIE M OB BRS¢
DE{LE 316L D f TR, HELlOBRESAGY ET 5%
B & B LT, SEMEEEMET L OV 5.

1K CoFRABRBOEMIE O EE T EFEMEC &
LBk RS Photo. 4 Rd. BEMEBTHLT Y F
A4 FDORPAEOEFD EBOTV B, BEIIE—EF
4 V7 VROERHEE D Roh 58, Fv F5 4 B
ERONDBEOLC 75y 70MBREEIhD Y, &tk L
TREANEHHRD B Z LV EEY 2L T35, ¢
¥, 25Mn i3 +05F v P54 P BE Lo
eledhsy, 75y 7% D EHBEEY %4 R0 T
E’ M .

3-3 mEM

Ve € —HERRCIOTE LRI = 2 L+ —
ORBBECHTHEE Fig. 5 Rd. ®BIN= 51
FoILREE DD TEN, 25 v v AREEM D

4K TORIL = 2 — 3 BE IR O 26~36% 1= %
TETL, 50~80] THot. 25Mn SCissEH &
BEELEM & DT & Aot 7ok, 304L &
316L  DEPMLBINE % 1T D7k CI1L, BEEEH o

Absorbed energy (J)

Temperature (K)

Fig. 5. Charpy absorbed energy for cast and hot-
rolled specimens (open-solid marks are heat-treated
materials for 304L and 316L).
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a) 304L b) 3108
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Photo. 5. SEM fractographs of fractured surface of impact test specimens.
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Fig. 6. Correlation between charpy absorbed
energy and 0.29; proof stress tested at 4K.
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a)c) 304L

b)d) 316L

Photo. 6. SEM fractographs of fractured surface of heat treated tensile and impact test specimens.
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