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STUDIES ON MECHANICAL PROPERTIES OF S816 AT
ELEVATED TEMPERATURE (I)

Taro Hagsegawa, Osamu Ochiat and Junichi Ino

Synop51s :

~The authors studied the effect of solution-treatment temperature -and agmg on the creep
rupture characteristics at 732°C and 26*6kg/mm?2. The results are as follows:

(1) Creep resistance increased by increasing solution-treatment temperature from 1150
“2C to1250°C, because the carbide dissolves in matrix by high-temperature solution-treatment
--and fine carbides precipitated during high-temperature creep-rupture test. But creep-rupture

“life decreased by solution treatment at 1250°C if abnormal grain growth occurred by this
treatment. : . )

(2) Creep ductility was not evidently affected by solution-treatment temperature, but it
«decreased by solution-treatment at 1250°C by the fact that the precipitation increased and
that the grain size became coarser.

(3) Creep resistance decreased by aging when the specimens were solution-treated below
1225°C, but the difference of creep resistance between the specimen aged and not aged,
disappeared when they were solution treated at 1250°C. Precipitation hardening in the speci-
mens solution treated at 1250°C was greater than the specimen solution treated at lower
temperature, so the effect of aging before creep-rupture test had no effect on precipitation
hardening during creep-rupture test, so creep resistance was not affected by aging. But
precipitation hardening during creep rupture test decreased by aging before creep-rupture
test in the specimens solution-treated at lower temperature, because precipitation hardening
was small originally at that condition, so creep—resistance decreased by aging.

(4) Creep ductility was not evidently affected by aging, but ductility of as solution-treated
specimens were inferior to the ductility of the specimens of as solution-treated and aged,
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because precipitation hardening was greater in the former cases than the latter cases. These
difference of ductility was more evident at the higher-temperature solution-treated specimens
than the lower-temperature solution-treated specimens. :

I. #

MEeEO SRBBYIEE & {iITy Y — Sl b
B DN, S, s, BUEEORETRIC L
DEUVWEERZS 15 ERELOPEEEIDMT L HiG
EINTNE. REAEES8I6 vy brorst

i

UH 2 s~ EHE UTOHPEIRBO TSP

DTSRI HS, LEEOIR  BRERMEEICEET 2 3R
FROOTEHES I EINTROF»B. EBESRE
EHEEEIEEC S X THETORE » BB WE
OFEEEGHEDOERICETA L UTEAMS 2 iEdiz. C,
W, Mo, Nb ERMAHREN A& L HULTWAS
5588 (Fe-Cr-Ni-Co F&4) wBL T J. W. Free-
man® 3 EELANBIRE®D & ) — FHRENSMEET DL T
HBEULTW50, ERLABRERED LRICLY 7 ) — ik
WiSEIZZE L <ML T 3. EESRBEO SR
BEHERICS NI TREORELE UTLOKBRICHELE
YERRSrD S816 WD S EVMLABREDFE L, BTk
| SMLEOERRRIERIC S XIT T O S KRR 1T
DI FER PR S,
II. 2 B& &

100 kg IR BRI THEEE L 20kg 88 X b B3

Table 1. Chemical composition of the
specimen tested. '
Symbol, C | Si [Ma | P | s | cCr
S 5 1 0°39 | 083 ] 1°58 0'002; 0°020 ’ 19-81
Symbol Ni Co w Mo Nb+ Ta
| S5 20°73 39°61 4°25 3°83 4°05

¥ 2 EDH | i3 760°C X 16h 284 DRFEMLEE 2 L,
=Y L EREMEAEO X IHEOABICE L. ML
OHBHO—¥ & b PGl I CEENE 2R L, &

¥k h 6°35mm x36°5mm - A.S.T.M. E85-50T

LTI 1smm e SRR REEME Lic. 2 OMERS

& Table | ICRTEMERSD S816 THA. O
&b 15Hx120mm OREH 10 FE2 L, Table
2ITRIAAL 1150°~1250°C DS EOREITTHK 1
W 2 (SRR EALE S AOS U, AR LABmEREDSR

LBy Y — TSR R R L. 2 ) — PR
Brid 732°C (1350°F) 26°6kg/mm? DREBELEL L,
5 ) ~ SRR, 2 ) — TR, BERSOMENTS &
123 BINTRLEAE D % S LT

. £ B & 2

HEiEHR %2 Table 2, Fig. 1 ILRT. AEBRERE L
WRDC EDBERINS. ‘

(1) ERMLAAEEERRE 1200°C BlEE 2 5 & B
HEHE OB BB TFL, Fig. 2, 3 KRTES
GHABE Y b AT R (E& LT Nb gbine
Ezbni—bhbhidin®—RKetEE BT 5.)
REREEAAECL D, sSICERL T3, $12
LT & § 52> THEIREBLAAEIT X b BB OB

LU LED EL LS.

(2) ERCAERRENE LD E s Y — FRRSET

Table 2. Result of creep-rupture test at 732°C and 26°6kg/mm?.

Tempera- . . Hardness .
Symbol [t4re of 7§)g°](§lg Grain Creep-rupture test : before test Hardness
solution- |"™0 %, | size |"Rupture | Elonga- | Creep Reduction(p 17 I Re after test
treatment life tion rate of area TR .
°C. h %|  %/h %

S 54 1150 Non 6 52°8 258 0°343 21*'5 262 279 354
S 56 1150 Yes 7 49°8 22°5 0°404 188 272 291 36°6
S 58 1175 Non 6 749 26°8 0*280 207 244 296 35°8
S 59 1175 Yes 6 © 624 . 27°4 0°*338 233 268 290 36°0 .
Ss10 1200 Non 6 753 - 27°2 0-243 228 240 281 35°3
S511 12C0 Yes 7 62°7 22°2 0264 19°5 272 29°6 36°0
Ss512 1225 Non 6 105°2 28°8 0° 160 23°5 246 27°4 354
S513 1225 Yes 7 828 30°0 0°245 24°9 262 29°7 364
Ss514 1250 Non 4 103°8 19°5 0*152 182 237 28°2 34°8
S519 ; 1250 Non 2 65°0 - 128 0175 13°9 250 258 34°7
S515 | 1250 Yes 4 109°5 25°2 0-148 24°8 282 31°0 470
S516 f 1250 Yes 8 112-6 29°5 0°152 293 275 - 27°0 38°1
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Fig. 1. Effect of solution treatment tempe-
rature on creep rupture life and ductility.
“Testing temperature 732°C. Stress 26° 6kg/ mm?2.

Etching reagent H202+6HC1 X 500(2/3).
Fig. 2. Micrograph of S 56 before creep
, rupture test.
Heat treatment:
1150°Cx th W.Q. 760°Cx 16h A.C.

BREILBEOEMICREASTELL LD, 7Y - SEEIRC
NREFE2TEIL, & 12.1200°C U b OEZ L
WX BBALBFELL. Fig. 2~5 OBEMEFEHICR SN
 EBREVE LA & D HICER U Ic by ¥ —F
BEETaRBHNCHERIR (M & U THTHI T A T & (T DRkE:
FAtEn % — KA U Ri{LE & RFR 9 5 ) ic &
BHTHBE LS & OB ORI X b s 2 S 2 &
TH5LDTHA 5. KRR Fig. 6, 7 OEBETHE
REERRFRC & DS iz, EEEBLAEDE S
SO X DRAR, TR Thbbh, 7Y~
SHARBRPHE TCTERICI S 3N TINHOEEES

Etching reagent H,0,+6HCI X500(2/3)
Fig. 3.- Micrograph of S 515 before
creep-rupture test.
Heat treatment:
1250°Cx 1h W.Q. 760°Cx 16h A.C.

‘Etching reagent H202+6HC1 X 500(2/3)
Fig. 4. Micrograph of S 56 after
creep-rupture test. |
Testing temperature 732°C. Stress - -
26'6kg/mm?. Rupture life 49°8h

" Etching reagent H202+6HC1 ><500(2/3)
Fig. S. M1crograph of S 515 after
creep-rupture test.
Testing temperature 732°C. Stress-26°6kg/ mm?
“Rupture life 109°5h
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X ORI D U R B R A A 5 &
AT & DRR S X OTRE O SHCHIPIC & BT
Hid 5 c &h8 Fig. 3.k hBEEsh, Biey ) =T
WRERERIC & b aﬁ%%®ﬂﬁtﬁmﬁtﬁ&Téca
5 Fig.'5 iIc X hBHHNB. «
ﬁﬁ@%ﬂ%ﬁm;bau—fwﬁa@¢®ﬁm§%
DL 2B C LI BHREHERRD 472 b 7, Table 2IL R
T2 ) —~ IR OBEEBLI Lo T »T
5. FESBIECEIL T3 1250°C I TEWTALEE L T2
S515 & S516 RHMET B ERIEE 4, BEE S TH
BH3Y Y — THERSEISAE N C & & b C OBEkER

Kk Die UAENC DN LRSI L b 2 ) — T

BSEEI LI DEEL NS,
1mimmﬁ%ﬂ@®ﬁﬁm&ﬁﬁﬁ%

(3) F%

et e
g X 5000

Uﬁ)
Electron m1c;ograph of S56 before
creep rupture test.

Fig. 6.

Heat treatment: same as Fig. 2

X 5000

(1/2)
Electron micrograph of S56 after
creep rupture test.

Fig. 7.

LT QBSOS & D,

- MEAEBRESE 3 3BE LV LR Fig.

{LAEEREE L 7 U — THEEREOMN, BCIELVE
bz, 1250°C DEEFLAEDEHE L 1225°C
MOMETL TWB DX
HIC O~ in  SEREE{LUENT X b ATHIEEE L L
nHCEE, HERNOBEAMUTIS3DTHS5.

(4) B bl BE b BE—Rgho 2 BEoOEWEE
%%@T%t12?CHT®E%%%E®%EiﬁBb
WCEIEDHD 7 U ~ FHEEEIZA XU L BT 1250°C
OEEALALE T IR DB &L 5 7 ) — Tk
BOZREIZIIEAE L {55, S519, S516 3T DFF
RIS P FERT A1 S514, S515 & E-—HANERY
OB 2 ED TEMELIZ 4 DTH 225, S519 DAIER
FABEICHKLUICIZ 2 Y — TRV EL {/H
Lot LR EESOERNIZEY 7T 2 2 2. 1225
°C L TFTOBEBBERETIZY ) — THERRERFBOH
HEE(LS A C & RETROED T, ﬁéo TEE(LAEE
BB 0I Y ) —~ TS 2T A, R XD
FHIL 7o ﬁﬁmwtwav—imﬁaﬁmwﬁ&ﬁwv
mﬁﬁa,ﬁofau~7ﬁﬁiﬁ%ﬁﬁ%ﬁotém
DI L BIC 1250°C OEELUERTTH & 7
U~fW%Eﬁ¢@gﬁﬁm%®ﬁm#%bb®f,ﬁ
VBT L 3 D HTHIA BRFRORT BRI I2 & A L
B 5250 & BMEREHL X CEBROBE(LER
L OHLN B 7ED TEEB(WAUER ORI EREZRL
mﬁ®%AiﬁU—fwﬁ%ﬁtkﬁwﬁﬂ%gitw
%0&%16ﬂ6

(5) %V — FHEMTRBRB DM, BICH 1133 R
HOMBIENTDH 505, ERLABEOBOREHIEE
WERHE L1z b DL BRSSO TS, & ORRIZE
1iCxh
B9 Th 5. ERALAERESE 5 5 BREGHLR
A, 7Y — RSO EEIIEL L2, &
e B o THHERRT2DTH S 5.

7Y — THEEBROITHE S S AN 2 Y — TEuL
BmL, BT A C & 133EEYHS Timken 16-25-6
COWTRHTH Y, 7o HA. Vogeldd FEDC &
ZOXRTIE DS, S816 2T RO & PEEEX
niz. 205 BEEL HAEAER Cr,Ni, Co, W, Mo
B IV ERCBOWTHRASEEBERPEKTS E & HIT
WHIRS & U TSR ARSI DE L L Qs
BEITHELI SRS V)~ THEEOMINcEE & B %
RUTHWBZEDVHELHTH 5.
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S8l6 @ 732°C WiiF B EEY Y — THEEEFET
$ 13 TERHLAERR S & OWRARO R FEL T
KOEER 2181, -

(1) @%mﬂEME@lmeJQI%WC =
T )~ TEHRBALET 3. ChEERERLuE
&) RALE O EREEHALYEST T 5 10, 7 U — T
HBRFOHBATHEPEINT 2.0 TH 3. DT EI3EE
Bt & CHRMEREOBEIC X WS L TH 5. 12170
1250°C  DEF LA CREGRMVSERRET 5 C &4
D, COHERY Y — THEESEIPE L LRT 5.
Kﬂ~@%ﬁﬂﬁﬁ%m&u—7&%ﬁﬁ%®ﬁ,ﬁ

LRBFE R FE RS2 Nnhs, 1250°C OEBLUE T
FMM@ﬁk&m;aau—f&ﬁﬁ&@@ﬁmoﬁm
X h 8RR 5.

(3) 1225°C LI FOEWHLILE TIREZMIEEIC X b
Y )~ FPESSRT 35, 1250°C  DEWHLALEE CI2F
WEDEEIT L 52 ) — THHEOE R 1213 & AEAQ
V. 1250°C DEFMEANE Tl 2 N F ORECERL
SEDHE & b BEEE 7 ) — T RETRB RO DS
FBLLID, FMBEOHERL 2 ) — FREEREB RO

HIBMRITIIE A EBUIN. Ud 3 W EERER LA
TREHUERC LY 2 Y ~f&ﬁ$ﬁ%¢®mhﬁ@bb>;
{7BYREDTZ Y — FTEIZIRT 3.

(4) EVELAEBEOROEIRL 7 ) —~ 7REHRER
ORI AR Z WER 2 EAND, 7 ) — THEERBRD
DY HBHEDSK 30121 B LA O B0 S I3 Bk
%h, COERIHREMLAERIT DIz & sBEL
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