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Study of the Effects of Hot Isostatic Pressing and
Carbon Content on the Microstructure and
Mechanical Performance of Microcast

CM-681LC Superalloy

Student: Chao-Nan Wei Advisor: Prof. Li Chang

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

This study investigates sthe optimum' procedure and compositions of
CM-681LC superalloy using Microcast, and it can-be divided into two parts, (1)
how hot isostatic pressing (HIP) affects the microstructure and tensile properties
of fine-grain CM-681LC superalloy, and (2) how carbon content affects the
microstructure and mechanical proformance of fine-grain CM-681LC
superalloy.

In the study of how hot isostatic pressing (HIP) affects the microstructure
and tensile properties of fine-grain CM-681LC superalloy, the test bars with
grain size of 80 um can be obtained using the Microcast process followed by HIP.
Experimental results indicate that micropores formed during solidification and
contraction degrade the tensile strengths and elongations of the CM-681LC

superalloy using Micarcast before HIP. The area fraction of micropores was
v



reduced from 0.2% to 0.06% following HIP. Script-like MC carbides decompose
into particle-like M»;C¢ carbides during HIP, revealing that HIP refines and
spheroidizes the carbides. Eliminating the micropores and refining the carbides
increase the mechanical strength by up to about 9% and the elongation by over
10% in room- and high-temperature tensile tests. The fracture analyses after
tensile tests of the fine-grain test bars reveal that the microporosity and the
Script-like carbides at grain boundaries are the main causes of the fracture of the
test bars before HIP. According to the tensile test, the fracture mode of the
fine-grain test bars after HIP, is.typically intergranular because the micropores
are eliminated and the carbides are refined. Since the elimination of the
micropores and refinement of the Carbides by HIP effectively improves the
tensile strength and elongation,« the fine-grain casting yields favorable
mechanical properties.

In the study of how carbon content affects the microstructure and
mechanical properties of fine-grain CM-681LC superalloy, the fine-grain test
bars with different carbon content (0.11wt% and 0.15wt%) were fabricated using
Microcast process with carbon addition. Experimental results indicate that
script-like and blocky MC carbides rich in Ta and Hf and particle-like M;Cs
carbides rich in Cr coexist in CM-681LC superalloys with 0.11wt% and

0.15wt% carbon. An increase in carbon content from 0.11wt% to 0.15wt%

\Y%



produces no apparent effect on the melting point of CM-681LC superalloy.
Further, no difference in grain size can be observed in this study, and the grain
sizes are both 80 um. Increasing the carbon content from 0.11wt% to 0.15wt%
increases the total area fraction of carbides from 0.91% to1.57% considerably.
However, the statistical results reveal that the average carbide length increases
from 12.84 to 13.82 um, while the aspect ratio increases from 1.85 to 1.96.
Microstructures in the two alloys exhibit similar carbide shapes and sizes,
probably because the short solidification time in the fine-grain process limits the
growth of carbides. Besides, carbon addition significantly reduces the area
fraction of y-y’ eutectic phases from 8.6 to-5.3. % because the eutectic phase
forming elements are consumed in'(Ta, Hf)C carbides, and the carbides occupy
the position of y-y’ eutectic phases during the solidification. The carbon addition
improves the tensile strength by about 2 ~ 8% and the tensile elongation by over
22%. Furthermore, the carbon addition also enhances creep behavior under 982
°C/200MPa; in particular, creep life almost doubles. The fracture analyses reveal
that the carbon addition from 0.11wt% to 0.15wt% in fine-grain CM-681LC
superalloy changes the fracture mode from typical intergranular fracture mode to
transgranular and intergranular mixed modes in room- and high-temperature
tensile tests. Further, the creep fracture for both alloys under 982°C/200MPa are

both typical intergranular fracture. The y-y’ eutectic phase near grain boundaries

VI



(GBs) are the main causes of fracture of CM-681LC superalloys of 0.11wt%
carbon, whereas the cracks mainly initiate along GB carbides and propagate
along GBs in the superalloys of 0.15wt% carbon. From the above results, the
proper carbon addition can effectively enhance the tensile and the high
temperature/low stress creep performance and the fine-grain casting yields
favorable mechanical properties. Hence, the carbon content of CM-681LC
superalloy applied in Microcast process can increase to 0.15wt%, to improve the

mechanical properties.
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% 2-1CM-68ILC 42 £ & * & > R 8

<% R 1B (Wi%)
Cr 5.0~6.0
Co 9.0~9.5
Mo 0.3~0.7
W 8.0~9.0
Re 2.8~3.1
Ta 5.9~6.3
Al 5.6~6.0
Ti 0.05~0.25
Hf 1.1~1.8
0.10~0.12

B 0.01~0.024
Zr 0.011~0.020
Ni bal.
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Normalized tensile stress o/p
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3-2 & A 45
CM-681LC #2 & 445420 F 2 M 45 B & 45 14 845 m & 3845 > 1

L o Bk 2 1R (spark emission spectroscopy) 4 #7 H & > o g 7 & B BLER

li“b

/> 47 ik (carbon-sulphur analyzer):& 7 2 47 » MAET_ & Jp =t 2K 3

3-3#MIDM 2 A AIE
3-3-1 #9R g 32

AT G S FE e B s o d YL e F e T

EEMEFCH > § nEERY BAMREEI S LTI MR AL 24

B2 PR S e 2R FERRRETRET §ETRIR e
o vy g e AT A 2 2 M o ARTE R Y 2 BIOR LR 5 1185
C/ 1752 MPa /5 -] p&[1] > B2 g 2 2R SA4c® 3-3 #7710 > @ * g #85
B g o BEEBEEREUFAINLEINT ZE  SERBRELZFET LN
FH R AR EUIE 0 M e s
3-3-2 # g2

AT EY FeJBiE it L D 1185°C/4 ) PFE 3 IR AIE 0 g F 4 AT
I RE BT 1038C2 | FFE TP Y > g f A2 E R U
871°C/20 | PFE 7 = KPP idL1] > MYpid 2 394 4r T 3R AL R

b 3-4 917 o

42



177 5™ TPs -T.'|:-._

12 S0Pahr

1ENRARA0 5

L r - e Y

[Fa]
i
A
=

100

B 3-3 &R g g 2 R R

43
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% 3-1 AT H*r ~ 38 Xeray it EHR 4

H i~ ! keV

K. Ks L. Ls L, M
C 0.282 - - - - -
Al 1.487 - - - - -
Ti 4.508 4.931 0.452 0.458 - -
Cr 5411 5.947 0.571 0.581 - -
Co 6.925 7.649 0.775 0.790 - -
Ni 7.472 8.265 0.849 0.866 - -
Mo 17.443 19.633 2.293 2.395 2.623 -
Hf 55.382 63.562 7-898 9.021 10.514 1.645
Ta 57.106 65.556 8.145 9.341 10.892 1.710
\W% 58.864 67.586 8.396 9.670 11.283 1.775
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3-6-2 & Bl E

BHEHRFEE T2 LS 635mm £ A L 254mm o BERIER L 982
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Creep Rate) & -
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Tt L&A A XD E - 35 LA nigEE CM-681LC
b EMACEHZ PIILR LB RS 0 S R R e
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4-1-1 & > A 47
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TF Ak - 4o & ’;ﬁué | % 58 1L 23 % o
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% 4-1 CM-681LC 42 & £ 4643 B 2 DA%

> :wt%
% R B S iE wiE e R
Cr 5.0~6.0 53 5.5
Co 9.0~9.5 9.3 9.3
Mo 0.3~0.7 0.52 0.51
W 8.0~9.0 8.4 8.4
Re 2.8~3.1 2.8 29
Ta 5.9~6.3 6.15 6.1
Al 5.6~6.0 B 52 5.71
Ti 0.05~0.25 ' 0,15 0.16
Hf 1:1~1.8 183 1.49
0.10~0.12 0.11 0.11
B 0.01~0.024 0.020 0.019
Zr 0.011~0.020 0.012 0.012

Ni bal. bal. bal.
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o BT EDS A 47 8 %
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£ gensiit o F AR R BUDRIL K R ORI 0 0 IR
& AR 2 B2 552,42-46,50,57-58] ; B 4-3(b) & S & I5E 2. CM-681LC
ﬁ@ﬁ%&ﬁﬁawém&ﬁﬂgaggaﬁﬁ%o;ﬁaﬁﬁﬁaﬂﬁ

ﬁ%&ﬁﬂiﬁ%aipqL@Hme%xﬁgﬁbﬁatﬁhﬁfﬂm

PSSR 02% 0 8 SRORZEREE R FA S A FER

0.06% %% #9R EJLAE R 7 <t 5 CM-681LC 42 & 4 MrimiEid 34 p
WMPHET R A WAFLTREY L RBRARER L EZFAREAR
(1185C) > **# IR > L3 L BFREREELY &~ Hced o o F
4-5(a) > & AIDREE L AR R OGS BALR A SRR ZHE 0 A
A Ao B 4-5(b) 0 B %~ PR AT BT o XA BISRE SR
Molasfe it 2 g o B RS E R AL B 2 B FL R SRR

8o R FRREFHRE AL Rk eSS Y RS

7.;?;
T
-M

= AL N STER
AFETAHERORZ SHOR2 Mo R R AR RE 4o
Bl 4-6 757 o [B] 4-6(a) & & #1R CM-681LC 42 & & wmfhiF a1 $ 2. SEM
EERIE R SRR S R W A S R o SRR ul SR L )
4-6(b) & E#IE CM-681LC &£ & £ ol iEfs s it $2. SEM B 5 » 22 & #
PRpRVT R SEBRUEHN ARG it 2485 > ® R p i

L Eoy ,L_)-qg‘ E%x\,L 4\-7,, F &gw\,L 4.,,, “m b ]~i.q j_’_,/\,< z§-1¢ .}.}; ;ﬂ\*:r;r*—uf
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Bl 4-2 fcimiiad 2. CM-681LC 42 £ & & 4+ -] (80 um)
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(a)

"}\"2-' Porosity .

] 4-3 CM-681LC 42 & & /m d 343 Hed5at 27 Ja(a) & #9R ~ (b)T #1358
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Bl 4-4 #35R ¥ CM-681LC A2 & & Jm b 715 fic
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AV R ERDR - (D) SHOR
Bl 4-5 CM-681LC 42 & £ ' & 3y’ 402 (a) & £ 2R ~ (b)/S
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Bl 4-6 CM-681LC 42 & £ ' & 3= L1 355 SEM BB & ()& £ 39%& ~ (b)
il A B =1
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AT HHEEDRZ o FE LR SEM i B 5B AR
4-T(@)#77 » EHRIBR L FEEZ MR FERI B L] 2 Z255R
o fet EDS AT R 43 R 5 e~ 82 MC AL 4+ (e
4-1(b)#7r77) » @ E_§ 482 MpCo - F » 4ol 4-7(b)#777 © AFT Y 5 FElt
B P 5 MpsComt it 4 » ¥ 120 TEM i {7 gL g i F & 47 » B 4-8 & & 5 PP 4R
77§ 1§(Bright-field image) ~ & 4L %% 82 i{(Dark-field image) 2 # % &5 [
(Selected-area diffraction pattern) > & 2% ¥ EF LB L FFEF 5 MyCoplt it

peth s R A E BIORA SRR 2 iR FE R AR P
AAp A BRI TR B~ Riedht 2 G fF A F2 LR 0 % Acf
4-9 #5% o o [ 4-9(a) ~ Bl 4-9(b)2 Bk @i, IR CM-681LC 4 &
£ HRCPHFITIHZERET I 16/79um mit T12.84um-> @ £ &bt ¥ d 1.96
5 185 FIRHORET F wit a2 485 - ¥ d B 4907 ¢ 1 >
CM-68ILC A4 & £ S #BBRE R P o fF A F 5 " 2485 d 1.12%"
M3 091% > H R FEEER S 5% o
4-1-5 $ 1 M5 R E %

AEY LB ARBR I wEEE CM-68ILC 428 430 i 2 5
Rem FIORE GHIOR 2 e FE R ILE  BYEFFE - 427

C ~760°C %2 982°C+-i Pz » P3RS &3 drk 4-2 2 B{] 4-10 #7577 o
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(b) L Hika

Inte nsity

.30 aaG & an LR LR 7.0 B30 W0 40,30 150

Energy (keV)

Bl 4-7 (a)CM-681LC A4¢ & £& ' Jo ;345 ISR SR L £ 255 ~ (b)ds & F A1t
% EDS A 45 2 %

60



Bl 4-8 Cry3Ce(Mp3Co)2 it = TEM # if(a)? ARZF ~ (D)5 ARLTF ~ (¢)#F ¥ SE5F R
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8 HHIPad

Particle size of carbides( ¢ m)
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o
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o
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—
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—
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W [Non-HIP
7 HIPed

Arcafradion o carbides(H)

Bl 4-9 #39B % CM-681LC ‘& # 45 s i #2552 B2 B34+ -] ~ (b)£
P s (C)m fE A F
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%040 AR Z SHIDE CM-681LC 422 4 fmfifs f 0 B2 8 %

. Fif 5 B % ks B TE
j;% (MPa) (MPa) (%)

* A% £8  EFR  EF EH £
(€) B B Rk R B Rk
25 990 1085 900 936 43 4.7
427 1060 1156 910 - 967 5.5 6.9
760 940 - 1003 = 860 . 945 3.1 43
982 642 657 468 505 2.3 4.1
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= 1200 ==
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2 800 *\\“‘m‘
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& 1000
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= {00 — =
w 2 =
= 400 &
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21 427 760 952
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() |---#-- Non-HIP —a—HiPed |
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=} R SR
2 4 = 2 e
(= i, GRS
S ) =
LLI
0
21 427 760 952
Test temperature| |

Bl 4-10 m AR 2 SAIDR CM-681LC 42 & & @20 RIF % % (a)
Fb i B o~ (b)'s R3E A ~ (c)ut # &
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Wi R G o0 4ol 4-10(@) 77 0 mAGIRZ EE > H 3R
B 5 990MPa- S#omREH 2 2B % AT H D T 1085MPas 2 R
% iE 9.6%° t 427 CH W pIEME @ AR 2 FE - H P55 B 5 1060MPas
ERPBRFEEZ P B RETHL T 1156MPa - 15 0 & 760°C ~ 982°C W
BIRRE P R REREEFRRE AR Z A A BT s R SRR RS 2 S
PRAETE T RBMPOBIEE PR R -
BVE KRR IV o EEREABS ol 3 R AP I 0 4B 4-10(b)FTT 0 &
BIRERB K SRR EEZE KRR IORE IR EE 2 KRR

c WE RN B EOREELR RS R S 900MPa 0 A ISR IEE 2

<

B RRAETHD T 967MPa @A 760°C Fu it BIREF 0 KA ORIFEE 2 F KR
R PRAEFIORBEZERGAEKR A FE 909% 0 HE kg RV A A
945MPa » & | 982°C 4 A M5 (R3E R > NP E T2 % o
g W RG> 4o @) 4-10(c)4FT 0 EAERGERE C H R RP W
W F L 43% 0 SHOBFERZEN F TS P RA T 47% 0 0 2 427CH
WOPIIEPE > IO EE 2 AW XTI B 6.9% 5 A 760°C ~ 982°C

PORREREE RROREE U FHMATREE 4% & £ o5 SRS

BFEE 2R FT AT 4% 0 BERPE R

:;\\1

FEA T 0 KRR Y R BERNRRRERT S0 BHRIRER
B SROR mbE o R A REARZ 1 F FI0E 0 A

aR 2 s o gt b s CM-68ILC 42 & £ S#IBRIE > AHRRRER B
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Mo B W W TR D 4% > BERER Ko
4-1-6 B o BB
LB REORSHCmE S CM-68ILC 42 & £+ W B 2 258 » &
7l SEM i (FRLETH £ $Ta 42 6 BBl 4-11(a) 2 BB EE 2 3
B U R ETG o #Te EBE oo AR HEA G AT T o 2t vt o d
o B e BET R BRIDRL G 0 H M A RCEI T
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% 4-3CM-681LC A2 & £z £ 2 Fom g Ltk = A 115 %

> wt%

~ % b B ez £(11C) 4emk 7 £(150)
Cr 5.0~6.0 5.5 53

Co 9.0~9.5 93 9.3

Mo 0.3~0.7 0.51 0.50

W 8.0~9.0 8.4 8.4

Re 2.8~3.1 =Y 2.8

Ta 5:9~6.3 6.1 5.8

Al 5.6~6.0 571 5.52

Ti 0.05~0:25 0.16 0.12

Hf 1.1~1.8 1.49 1.45

C 0.10~0.12 0.11 0.15

B 0.01~0.024 0.019 0.019

Zr 0.011~0.020 0.012 0.012

Ni bal. bal. bal.
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*4-4 2 s Eiwmb CM-68ILC Az & £ 2. 1 EDS = i» 2 7% %
Hi=:wt%

C Ni Cr Hf Ta
g oZE AR 6.7 2.2 1.3 31.4 58.3
e g R Bl gl it P 6.3 2.5 1.2 32.1 57.8
oo v b Bk P 6.5 4.3 2.5 35.8 50.9
oo A R R BT P 3.8 18.5 57.3 13.0 7.3
LA ol S < - A 6.0 2.1 1.6 34.9 554
15C g kP Bl Bl i 6.8 £.5 0.9 29.7 60.1
IV W S 519 5.6 2.0 28.3 58.1

L R R Sl o T B!5 20.2 54.9 15.1 6.3
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246 PR EmLERE Y PREE

Fub i B kAR it o
BlEER (C) (MPa) (MPa) (%)
11C  15C  11C  15C  11C  15C
21 1085 1170 936 989 4.7 8.5
427 1156 1221 _.967 1012 6.9 9.1
760 1003 1065 945 997 4.3 6.6

982 657 671 505 513 4.1 5.0
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