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On the -High-Temperature Strength and Structural Change

of Type 316 Austenite Stainless Steel Castings.

(Study on the austenite stainless steel castings—I)

Synopms

Yukishige FURASE, Shoichi KaTon

Nobuhiro OruBO and Kanetoshi IwAMoTO

High- temperature tensile test, creep- rupture test up to 10, OOOhr at 650°C, aging treatment
under various levels of stress at 650°C and stress-free aging treatment up to 6,400hr at 650°C
were carried out on the Type 316 and Type 316L stainless steel castings, and the structural
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changes during these tests were 6bserved in order to study the relations between high-tem-
perature properties and structural changes of both alloys.

Carbide and o-phase were identified by the following means.

(1) The electrolytic etching with concentrated . strong hydrooxide solutions (1ON KOH,
“to color the o-phase; concentrated NH,OH, to color the carbide).

(2) X-ray diffraction analysis of the residues obtained by the electrolytic extraction with
10% HCI alcohol solution and HOCH;(NOs);, 5% HCI alecohol solution.

_(3) Examination of Fe, Ni, Cr distributions in carbide and o¢-phase decomposed from od-
ferrite by X-ray microanalyzer. ,

-The short and Iong time high-temperature strength of Type 316 is a little superior to that
©of Type 316L. The superiority of Type 316 is attributed to the solid solution hardening
effect of carbon and the more uniform distributions of fine carbide and o-phase in the auste-
mite matrix than in Type 316L. But the high-temperature long time load-carrying ability of
‘both alloys seems to be fairly good.

There is a little difference between Type 316 and 316L in thexr structural changes durlng
‘the tests. They take place generally in the following sequence:

(1) o-ferrite decomposes into y-phase, carbide and o-phase.

(2) Carbide and s-phase precipitate at austenite grain boundary

(3) Carbide and o- phase precipitate in austenite matrix.

(1) Decomposition of dé-ferrite and (2) precipitation at austenite grain boundary are
:aaccomplished within 10,000hr, but (3) precipitation in austemte matrix occurs gradually,
taking long time.

Therefore it is probable that the prec1p1tatxon of fine carbide and o- phase in austenite
‘matrix influences mainly the long time high-temperature strength of these alloys, and that
“Type 316L, is a little superior to Type 316L, since the precipitates of fine carbide and o- phase
-are dispersed uniformly in the austenite matrix of Type 316, while the precipitation in the
austenite matrix of Type 316L occurs only round the region which has been formerly occupied

by o-ferrite.
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Table 1. Chemical compositions of alloys studied.

Alloy C Si Mn P S Ni Cr Mo Casting temperature
316 005 | 106 073 | 0°018 0°008 12°04 18°53 245 1520°C
316 LL 0*018 110 0°65 0°021 0010 | 14°72 | 18°68 248 1500°C
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Fig. 2. Short time high temperature tensile properties

of 316 and 316L stainless steel castings.
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Table 2. Creep rupture properties of 316, 316L stainless steel castings at 650°C.
.‘
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: . o . N . ~*%0
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27 0%45% | — | — — | — — _ _ -
9. 49% | — | — | — | — | — — — — -
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Creep curve of 316 and 316L stainless steel

~ castings at 650°C.
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Fig. 4: Design curve of 316 and 316L stainless
steel castings at 650°C.

a) 316, 1100°Cx1hr W.Q.
b) 316L, 1100°Cx1lhr W.Q.

Photo. 1. Micrographs of 316 and 316L stainless
steel castings before tests. X400(4/5)

\

Left: 10N - KOH-1"5V-2~3sec
Right: conc, NH,OH-1'5V-20~30sec.
a) 1hr b) 10hr c¢) 100hr d) 406hr

Photo. 2. Micrographs of 316 after stress free
aging at 650°C.  X400(2/5)
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Summary of microscopic, and X-ray examination of 316 and 316L stainxless

Taple 3.
steel castings after tested in various conditions.
. Microscopic examination
Alloy Testing condition at 650°C- X-ray examination
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a)

b)

c)

d)
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Left: 10N - KOH-1"5V-2~3sec.
Right: conc, NH:OH-1'5V-20~30sec -
a) 1hr b) 10hr c) 100hr d) 300hr

Photo. 3. Micrographs of 316L after stress free
aging at 650°C. = X400(2/5)

316 after 10488hr  316L after 9145hr

a) and d) 10N - KOH-1"5V-3sec. sigma-blue.
b) and e) Conc. NH,OH-1'5V-30sec. carbide-
dark, sigma-white.
¢) and f) combined etching of 10N - KOH and
conc. NH,OH g
Photo. 4. Etching showing the sigma and

carbide phase in 316 and 31{>L‘stainles‘s
steel castings after long time creep test at
650°C and 4kg/mm?2.  X400(4/5)

The line AB shows the scanning position (within XX)
Photo. 5. Micrograph of 316 after stress free
aging at 650°C and 400hr.

(1ON. KOH-1+*5V-3sec)

DENTHAS. LEBPDPTXHRAon - TFF 45

~it k% Fe, Cr, Ni DIREZHOFEMERIL, 10N,
KOH ¥ X0 Conc. NH,OH OBMx v 5> Fic k5
BALEs X O o AMOMBIRERE X< —HLTHY, #3
— Xy F U P XBWEOS FESERTNCIEL VT
LHRFF—DDEST EELTIVTHSS. '
3-4 - EFFIEIEMERE & B2 Lo BtR
ko2 ) —FPBE0Y Y —F - 5 7F o 7 B
E 72T ¥ X OEIS T T ReRh i ORI ZE b o R km7n
gt & BRI L 2B B0, %
U5 O R IATE L IS & B CHIAEZ Lo
ST AR L Fig. 6 WRLA. % 72 —fl LT
Fig. 7 wiX 316 ¥, Fig.8 1Tix 316 L ## ésooc, 9
kg /mm? T 10,000hr BAED 7 Y ~ PR 2 £ L 72
Loy Y~ FHBECERELEER Th. Fig. 6
BIO 7 XOBLRE I VL, 316 ML 3161 MEH
Bl oML Z DD RRITTED 5 h 5 BAX DL
v, WD SRS 7 +RIL+ o WAL, EEER
B RILIE XO ¢ MO 1,000hr PIFTOMIZ
FRCET LTS, L7232 T 10,000hr BEDER:
R TR AR 2 D55 MR E T, B B
5B & o FEORAENT A O — S5 2 R pic H 5
LTWBESICEZLRS. Liasd>T 316 #2% 3161

ML TI ) ~F - 5FF 27 ~BEOBEN TS

Hi%, Photo. 4 25 GBS 257030 U 316 MASHIEE NER
I AR XY o MBS A T2 DK LT
316 L T30 MHDMLIEDRITEE LT o MSHFHI L Hy

— 56 —




316 WA — AF FA b - ATV VAGRMOBERBE & EBEHCOVT 1281

BAEICHTHRORD S i X0 : : .
C ERRIBRDTH S D LEILR - —losmin-
S 5. Te¥s )A~3) OFTHEENCK XiE o : ‘ o 19

TR D BB T o\ T AR O I I3
Fig. 6 LR L 2B G X0 THTH

1

48
HIMREIh3EBETH D, TORKL Fe. Ka. (Mica)
DV TIIARERGE o D 1S HARE C1d7e ' 47
Y. | :
4. = . ’ 2 CrKa. (Quartz) y
650°C 1 3513 5 MBI LIS_LREONE ] | 5%

D F RGO RSB L T r +RILW

Accelerating volfage.: 25 KV

4o kizno *EW@EF‘GGCO Wk o Detector. gas flow proportional -~ 4 *g
SRR X B ICHUE D B O BRI XY ' ' counter g
o RBONTHIZHED . 8 B BITH L7 k 13
BV L O o HAVITTSRAE & b s |
. Ni. Ky (Mical
OWEENT—EEIA 0 FHD PNER I kRN BT 12
W, BRI s & b | .
CEIE S FNOAERICRY 5T o ‘ . , iy
HEARET S LOCWSToEmE | ] ' A:j0u . & |
SRLTWA. : L 1 0
S0 EIEL Tk Kersin Ko- Fig. 5. Results of line scanning by X-ray microanalizer of
uDyX 0°05%C D 316 # 4 S OEE each element in & phase resolved after aging at 650°C, 400hr.
T X 1350°C H BEE AR T 0 MO SRR I 5N ‘ '
<k b, H. W. KirgBy IO R: J. TroMAND 30 oy l o
HVBDF —ZFF 4 NMEOERIRANC X S S .w~““\\\T\\?\\\\v
| REALRLDS o TR BNDIDTHS S 2ib |
RTWB. Ef Breoar® 513 o MOBAEMTS 2 & I 1 ooy — ¢ a\ )
FHEZEL TV, ZhixL T GiimMan® & Duus, I: *  —CHa o .
SwTH® BOT L < BILMORITZEIL LR £ 5 i i Llﬁﬂ+y——~*
L RRY LB D THEIUIE X 5 ThHD. ' i | .
SEBNHNOERT b RO E R A 21775 € — gt cune
STWHENDT, ZORICEL TERATH D, Hol g 3 ;o ouncry
ST X5 & ERIIIEICIE o OB R TR £ , e
WEHCRS TS XS RHRTLND. | b i
WSR2 R Lo HBEET 5 & 316 403 o o oiﬂ 1, |
BI6T, H 1 b Ty SN 16 HOBR S rE G, Wil
DT HRFEWC X HEHEHRRILOR R & SIRERRRZI IT: Motrix -~ o '(E\[T
AT S5 B b X 0o M2 316 L X v #—ic g E l ”Cl-- I ﬂ“:}"ﬁ’ﬂ’ﬂ
WRATTHRDTHS 5. % 316 L MOMBEIHI s S e S [N
F% o FEASIH 0 MO EIIR O A HkVE, 316 L #T B Time (h) ——
X316 %4 X b Ni% 23E\OT 8 FEd S M 7o HE gk Fig. 6. Structural changes in 316 and 316L
71 7 MOREERLOE L, —F 0 FOEFENE 316 4 1 stainless steel castings during creep-

rupture and long time stress free aging

9 C%aMEV RIC Cr, Mo X o M5\ iE o MO at 650°C.



1282

B L om sl (19%5) E7B

T
" 3/6 /
30 650°C
9 k9 /mm? )
f
l S~tscro -
20 i
R //Boundary—»(,‘
~—
£ k Boundory —C + G~ -
S
& . ) -
9 ” Matrix—~ C~C + 6~ /‘// :
e}
2000 4000 6000 8000 10000
Time (hr)— ’

Fig. 7. Structural changes in 316 sta

inless steel casting

during long time creep test at 650°C.

l
‘40 T 316 L -
650°C /
9 *9/mm?
30

R

§— J+cC+o

/

;\3 —Boundary -~ C + @ - /

L20 : ),y”'

8 Matrix — 07 /

(s

g ‘ Matrix —C 'I"_,..»-"'
) /;,..»"

-0 2000 4000 6000 8000 10000 12000 14000

‘ Time (hr)

Fig. 8. Structural changes in 316L stainless steel’ casting

during long time creep test at 650°C.

FRITTEE DR IR EE DR B\ 72 2 B L O T H o3
HORIC o MO BIESL DTH S 5 LikE
5. : :

5. &

(1) 316 MBI 316L #& 4ic By
MO BIRRE I L ETHS.

(2) 316 #f, 316 L MoiEris XU
B O SRR 316 MO FBe0E . &
MR X % BERTRL L E ST B+ 5
RAtH, o MOB—IsFHEARDOTDThH A
9. . ) . .
(3) BT ORI £ T 0 403
7R+ o CHRL, WIc— R EORS,
B HE 2 S 0 B3 X 08 o FEHT O IR
THEFTTS.

i

. ®’
1) J. J. Giman: Trans. Amer. Soc.
Metals, 44 (1952), p. 566~600
2) K. Kou: J. Iron & Steel Inst.
(U.K.), 181 (1955), p. 213~217
3) H. W. Kirksy and R. J. TruMAN:
J. Iron & Steel Inst. (U.K.) Spec.
Rep., 64 (1959), p. 242~258
4) A. E. Binpari, P. K. Kowu and
- O. ZmeskaL: Trans. Amer. Soc.
Metals., 43 (1951), p. 226~242
~5) J. I GiLman: Discussion to
Bindafi et. al.
6) E. J. Duuis and G. V. Smita:
- Amer. Soc. Test. Mat., Spec.
Tech. Publ., 110 (1951), p. 3~37




