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Relationship between Creep Strength and 7’ Size in a Directionally

Solidified Nickel-base Superalloy

Takeshi SUEMITSU, Shoji TANAKA, Junzo FUJIOKA and Yukio NISHIYAMA

Synopsis:

Correlations of 7' size distributions with creep and creep rupture properties at 900°C under the stress
of 30.0kgf/mm? were investigated using materials three-step heat treated at various solution temperatures
on a directionally solidified nickel-base superalloy CM247L.C. Size distributions of extracted 7’ particles
were measured by means of photo-extinction and sedimentation. It became clear that creep rupture lives and
minimum creep rates were dependent most preferably on the amount of eutectic 7 -7’ phase, and that,
irrespective of solution temperatures and material conditions such as as-cast or heat-treated conditions, the
minimum creep rates became higher and the creep rupture lives became lower highly correlatively as the
volume fractions of 7’ larger than 2 ym in eutectic 7-7” regions to the total amount of ¥" became greater.
According to observations of substructures formed during secondary creep region and secondary cracks
formed during creep rupture tests, it was found that eutectic 7-7" phase did not only contribute inefficiently
to creep deformation resistance, but also accelerated crack propagation. This fact is considered to explain
possibly the role of eutectic -7’ phase in creep properties mentioned above.
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X 8h, Ze¥) EpxhLE (L: 870 T X20h, ZE&y) D
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) —EDMEICTHLIIERELL. 2)—-TBXUY
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EMURBREM T2 ) — THRREBRE T o7, RETEERE
RO 7 ) — TREOFBR L D RE L. Rl
CARRY 5%2 oy fjiicfityy, THMMESEEL 2V XD
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SECHIEEE 200 kV I TS 17272,

Table 1. Chemical compositions of CM247L.C (wt%).

C Si S Cr Mo Co w Ta Ti Al Hf B Zr Ni
0.071 0.007 6* 8.0 0.50 9.2 9.4 3.2 0.70 5.55 1.4 0.015 0.022 Bal.
* ppm
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Wy 5. —7, 1230C B Lo 7> K54 b
I7EIE 0.1 am AT OB 7 7" 23— 12044 A4
MEELTVE., 20H%OBMBICL Y, ZOMME
Y hEEMKIL L, 0.3~0.4 um OHKD 2Kk ¥ ki
FH—120f Lz ME 2y, BRI 2k Y RFR
D< rY 2 AT 0.1 um FZE OB 2 Cooling ¥ AR
SN, BARICMEREA 1250C $7:43 1270C @
SBRBLEM T, FURIA FaTED 2k ¥ Ok
FEB X OS5 3 B RIC AL BRI EE A5 1230 C @ 3 B AL
HAEECRELTHL. 20 2K 7 OREZEAKL
MBI OB EIEE R 2 D BOBIBEECHREL, 24
WEE & 2T EB MR ICEE (BRI RV E
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Table 2 12, AAFZEIZ V72 CM 247 LC k24
BIUZOMBOHR LIKED b ohSHt Lz 7 4
DAL %, KRIEGE 52? ¢ Mar-M200 @ 7 — % &
WL 7R 2R, W0 Y HOMEGUE A SR
DHEMEEHRBICL FIELTHEY, Tak Cbp AN

a) As Cast b) 12307 x2h, AC ¢) 1250 °CX2h, AC d) 1270 C X2h, AC
e) 1230 T X2h, AC+M+L f) 1250 CX2h, AC+M+L g) 1270 C x2h, AC+M+L
M: 1080 C Xx8h, AC L: 870 C X20 h, AC

Photo. 1. Optical microstructues of DS CM2471.C.
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a)As Cast
b)1210°Cx2h,AC
c)1230°Cx2h,AC
d)1210°Cx2h,AC+M+L
e)1230°Cx2h,AC+M+L

M:1080°Cx8h,AC
L:870°Cx20h,AC

Photo. 2. Morphologies of 7’ phases in dendrite core region of DS CM247L.C.

Table 2. Chemical compositions of 7' phase extracted from
as-cast DS CM247L.C.

Element Cr Mo Co W Ti Al Ta Ni

Weight percent  2.84 0.18 7.18 7.99 0.94 7.15 5.78 68.0

Atomic percent  3.21 0.11 7.17 2.53 1.18 15.58 1.88 68.2

Formula for the extracted gamma prime
Niz73 Cog.29 Cro.13 Alos2 Tio.os Tao.os Wo.so

Formula for the extracted gamma prime of Mar-M200%20
Nizgs Coo.30 Cro.12 Alose Tioas Cboos Woae

Compositions of CM247LC and Mar-M200 (wt%)

Element C Cr Mo Co W Ta Ti Al Hf Cb Ni

CM247LC 0.07 8.0 0.50 9.2 9.4 3.2 0.70 5.55 1.4 — Bal

Mar-M200 0.15 9.0 — 10.0 12.5 — 2.0 5.0 — 1.8 Bal

b )2 ZDOMOTLEIZOVTEREEDERRED K/
o R FoRBOEMA RO NL. 7,
KRIEGE 529 2§ LCwah L H i ¥ v b 7 22 &
LIERAE LB AICIE Cr 844 { B 05, = D&
TREMIOL Cr @R DK, Dol XD,
ML SR Y HAERTHY, Y2 M) 7 ALK
HERIERLILEEZONS.

MWLz Y MoERE% Photo.3 12759 . Photo.2 &
Photo.3 # ik ¢ % &, fMHFRE L NV 7 TEZE I N
Y AHEKESERES—FHLTBY, 202 & MM
YV HESRTAIE R LICTRTONED Y e
Mo g3RLTWA, BiLiFTE, b5 7
Y ML ERRRO» 2R ¥V 2K Y
FErBEsNAL. Th60 2K Y RFORIZE, &
HKLTVBLDLHY, ZD% L SEORTHEERL,
KEBVIFRIEVEEZRL TV, BR{CLEERE

AT 1210C 0 3 E#MEM OMIBIRETE, 1.0~1.5
pum EH) 0.4 pm D2HHEOKEED 2R VYV RSB X
CZDOEEICHE L TWDS 0.1 gm LT OIEH (T 7%
Cooling 7" 7R 6 1, BEAALLERE AT 1230 T ML E
Whane, MiBash2X 7V HFOFEEBIOTANE &
HBEH—LL, L 0.4 pm OMREET LI IZ40%.

M L7z 7Y HOKBESERIZT<TH 0% THD,
SETEHTRTOREICO VT ¥V HOBRBEL—EEHE
2B, ¥, RIOEESFIL 0.5~0.8% THo7:
DT, Y HORESHMEOIZE, RILWHY 25
EHIBOTUNSWEEZ, BRTBI LI

ML Y HokES i % Figl IOk, 20r 5
TR BOWESE 0.1 pm 2D A M F S AR
e LTELEZLDTHA. HRLMTIE, 0.7-0.8
Y — 7 L0 RO MR RONS. 3
BB YT AI LX), COE—2EA 0.7~
0.8 um 75 0.3~0.4 xm (2L T 5. T 72, BRI
WIRELSEL AR E, Y=L 0HEIIRY, 2
mm PLEOMKZ 7 HRAT .

Photo.2 {Z/R L 72 MLERBHE 45 S B X UY Photo. 3 |27R
L L Y oREEEGERELY, YV RELZO
BHEOBBRERO LS 10k 5. 8 7-7V o ¥ Hiz
HMAT2 mm D ETHD., BRI TRONLMAIRD 2
XY FHEMTIE 0.5~1.0 gm T, ARLAEEAICE
1.0~2.0 pm TH 5. HFHRILWEIZ I ) —EREL,
HELE Xy BERRLLZ 2k 7 IR
0.3~0.4 pm & 7%c 5. F7:, BEZOGHFDH LWL
BT OB % O G EIT 4 % Cooling 7' i3
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a) As Cast b) 1210 T x2h, AC+M+L ¢) 1270 CX2h, AC+M+L
M:1080°C X8k AC L :870°C X20h, AC

Photo. 3. Morphologies of ¥’ phases extracted from DS
CM247LC.
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ECTHREETL I LB MT TS, ¥ — 27 a5k b
HIREO EA VWX 0EE IR A0, e 7-7
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THMHT A2 LIERTA2bDEELILNS.
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D YV RT OB Y BT A RESENELE Fig.2
WRT. Bl % YV HoKks s ZoEROI
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Fig. 1. 7' size distributions in DS CM2471.C.
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Fig. 2. Relationship between solution temperatures and
volume fractions of 7’ finer than defined size to total
amount of 7’ in three-step heat treated DS CM247L.C.
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LMTRE Y B0 30% 20 ¥V THH5, B
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%%t;<ﬂm#a
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LMDy —7BLU 7Y — THFEELRT. wWih
DB HHEM LM LD IR ) - THELRE WY
J— T EGERLTCWwS, £/, 1250C FTIEE
HACALEIREE O ER IV ER/A S Y — TEREK &
D, FRIZFEL T2 ) — THEBBGTEL 22Tn5
A, 1250°C & 1270°C T, F/hs ) —7TEEB L O

7)) — THMTEGOERIZITIE ALV, BB, B
DR EHER LM B LT oS cbIT s A
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7)) — TSRS EMETES LY Y o Y BiC
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HRLM L BUBEMOMEZZOT, £ 7V EIXT 4
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EV)—DDHRFTH—IEHTELIEZRLTW

B A%, JACKSON ' O#iEICH B L 51, 0.5 gm L

600 {§
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Fig. 3. Variations of creep and creep rupture properties

with solution temperatures in three-step heat treated DS
CM247L.C.

TO YV RIFEOLSETERTLEDBELA 2.0
wm LT O 7 RFA 5D 5 5RTEBT 5580
ENV/NEL EoTwAB, F72, YV vol% k322 y—
THEFGOELES 2.0 gm LT Y'vol% CTHE |
f’%>®fﬁﬂ%bj<%b‘ 4, BT r<2.0 pm O ir (B

) - 7'vol % F;é{ﬂ_(iﬁft%t EHGED 7'vol%
ﬁ‘93, 89, 82% @ 3 FITHEMHALMBIREH 1230 T
DEo#M#ET, BiRL-Xd523F0Fr F5 4 b
o Y HosmREE o LT, 5 v-7 4
DERIVWRELL. Thbb, ZT0O3HD tr-Y'vol%
BRI S 7- Y HoBS T ICKB S hTws, —7F,
Y'vol% 73 BLU68% OEIIBOBD 1210C D
AR O 3 BEVLEH B X OB LH<H 0,
WMEDT Y FI4 baTio v MoOSHKEZ Rz
D, BOBOFROEHGHO 3 HEOSHIRE: bR
DTWA, ZRIZHPDDST, 5HOTXTHT—¥
25 r<2.0 pm O ir-7'vol% BB TR LEVIHE R
L, 2512 7Yvol% 1233 5 2 V) — THWFH & 021t
AT 2.0 pm YT D Y'vol% TEHLLDIZBWTHE
DRENE V) Z &, 7 — THEER I LT
V-V HOBFROKRELREEL 525 LERLTY
5.

) — THEEI O 2 R EH 0K % Photo. 4 (2R .
2REBIXFTYFT 4 MEROME v-7 e REWIC
ERLTWD, ZHE 7-7 MR ERHOERLeT
WHETH B L ERLTE Y, & v-7 M) —
TR HFmICE L VEEEsBRITIENbRD

600
T=900°C /
= 2
SOOLO 30.0 kgf/g\m f fﬁf
< 400[
g
/
e 3001
2 ? Fi
& 2000
a A Y
g " 20
5 O rs20um
© 'IOOL A rs10um
o r$05um
r T‘size
[ O B |

0
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Fraction of ¥ Finer than Defined Sjze
to Total Amount of ¥ ( vol %)

Fig. 4. Relationship between creep rupture lives and
volume fractions of 7’ finer than defined size to total
amount of 7’ in as-cast and three-step heat treated DS

CM247LC.
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B/ ) - TEELRETRSLE ¥V 0o 7 BIiC
WY AEESFEOMGE Figs ORY. MEOERI
IZERETHEMT A Z EATEBLD, 7Y — THRH
DEERL DT, Ko LE L LHEEOESED
MEEARD SNV, LA LEDFS, Y'vol% okt 2
WAy ) — THEOE{LEZ 2.0 m LLFD Y'vol% T
BHLZLOPRLKE L, A7) — 7EERLE
Y-V o Y HOBIIRLKREKEL T EE R
SiA.

Photo.5 (2 fz/h 7 ) — THREHEB O LA ISR L 72
ABEA O T ML RT. ARO 2%k ¥ HAHH LT

Loading Direction

Photo. 4. Secondary cracks observed after creep rupture
test at 900 C and 30.0 kgf/mm?, ir=170.5h in as-cast DS
CM247LC.

40 5
T2900°C r29um
0=30.0 kgf/mm? g 'é bgﬂm

fr VB
SN\

Minimum Creep Rate (x102%/h)

o) EE T I EN N NN SO S B

0 10 20 30 40 50 60 70 80 90 100
Fraction of ¥ Finer than Defined Size
to Totat Amount of ¥ {vol %)

Fig. 5. Relationship between Minimum creep rates and
volume fractions of 7’ finer than defined size to total
amount of 7’ in as-cast and three-step heat treated DS

CM247LC.

WAHBFYRI A4 FaTERTIE, 2Kk ¥ HE ST A8
RSN, CARRY & 03ED ok k312, 7/7
RETH v b7—2 2B BEN, 2K 7 HICHRE
THEAL, B2k YV HTE v rEn Y WTF
Mo 7= b)) 2CcilzH#i NSRS N, BRIENR
WREVCEEZOND, ZOFHMBENS, /N1 S A%
BrEREXRLTBY, ¥X0E LD 7 Mok M
PRBEAETEPU T L O D EELERTHLEEZS
N g, g r-Y Ty, Y RCESERS
Nawps, SENOMRERL NS, EIFE A CESE
Z LICHEKETB Y, BREREEN/ NS nw &
rBbED. IhoofR, 5 -y MHe2xk Y
MHTEREMNOERNI T AL By, 5
Y-7 D 2.0 pm P EOKEEL L Y MOBLLN 2
V= TEREIE/NELL L TWAB I EER2RLTWS,
ok, k& v-7Y o YV HERWE VM
DY BT HABEEOIRT DL 2.0 pm LT D
YV ok Y BT 2SR L M, BNy
= 7EELOLWMEGIIHLTINE . 7 y—7F
WL 2V — TERE ERORBE HEOMFHIZ L

a) Dendrite core b) Eutectic 7- ¥’ phase
Photo. 5. Substructures of deformation in minimum creep

rate region on as-cast DS CM247LC
kgf/mm?, testing time: 15h, € =0.4 %).

(900 T -30.0
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OTHE BAY, ol 77 HOHFAES & OTH I EBHE
BB X T LAY ) — TR O BT R
SR TEMERE 2 ) — TR O 2 X 3 R OB X
DS DTWA, 202 LA, RidoFHEMEOM
B bbb LEbDEELLND.

4.

HAY =¥ D7 L— FRMETH L —J5mERE L7
CM247LC 2o\, §li4 OiRfE CHAILALEE % 47,
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