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Table 1 Chemical composition of high-boron Ni-based superalloy (wt%)

C Cr Co W Mo Al Ti Ta Zr Hf B Ni
0.15 8.2 10 10 0.7 5.5 1.04 2.9 0.027 1.26 0.15 Bal.
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Fig.1 Equilibrium phase diagram (a) and partial magnification (b) of Ni-based superalloy



4 1]

T ORE: N EBEIEHRE SRS TN

* 1017

®2 HESBRESESETETERAERETCRE THMRY

Table 2 Composition of main equilibrium phases of new high-boron Ni-based superalloy at peak precipitation temperature (wt%)

Phase T/°C Ni Al Co Cr Hf Mo Ta Ti W Zr B C
y 1323.1 62.25 12.39 10.32 9.58 0.06 0.44 0.71 091 3.27 0.004 0.02 0.04
y' 504.4 70.28 16.99 4.69 2.15 0.13 0.02 1.35 1.83 2.56 0.003 - -
MC 998.4 0.37 25.56 0.19 17.43 4.077 2.30 0.99 49.08
MC 944.7 25.11 5.02 19.45 1.27 34.87 14.29
M, C, 465 0.53 2.46 76.63 0.01 Trace Trace 0.01 4.84 15.84
MB, 1106.1 Trace 0.01 1.35 0.003 Trace 31.84 0.12 66.67 -
MB, 910.8 1.01 0.72 21.92 25.43 0.03 10.89 - 40 -
" 240 22.03 45.05 0.86 0.67 Trace 31.39 - - -
o 249.5 2.42 Trace 33.39 64.15 0.01 0.02 -
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Fig.2 Calculated curves of element redistribution of Ni-based superalloy during solidification
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Fig.3 Morphologies of as-cast microstructure of new high-boron Ni-based supralloy: (a) optical microstructure; (b) eutectic (y+y'); (c) boride;

(d) MC carbide; (e) MC carbide; (f) y' phase
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Table 3 EDS analysis results at different positions of as-cast microstructure (wt%)

Precipitation Ni Al Co Cr Hf Mo Ta Ti w C B
and 56.03 4.70 8.90 8.08 3.64 0.60 1.94 1.06 7.97 7.09 -
MC - - - 0.25 37.69 - 25.56 8.12 2.30 26.08 -
M,C 9.4 - - 29.36 - 7.27 - - 39.68 14.29 -

Boride 12.39 2.325 0.43 15.19 - 1.78 0.079 - 1.72 24.68 41.40

Interdendrite ~ 55.05 422 9.78 7.335 0.80 1.64 1.73 1.59 11.38 4.88 1.58

Dendrite 54.89 4.554 10.26 7.76 0.36 0.69 2.74 0.60 12.18 4.77 1.21
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B 4 G I PR, X AE S A 4 E BAL BT T
At
332 AT EMyAATEH G

Y FH (N (AL Ti)) A e il 2 < B R A A , B3 50
W& 4R TERE . 6 4 ALLTi AN B JC &Ny A AT H
1T REEm 2R . B 6ah AL TG Z 75 A dwt%o~8wt% ik
I, AEAT 2, B A AL S 00,y AH BT H R R
PRGN, A TR B MR B AL TR B RS IR .
AHAE 900 “C T Hi Sl AL 2 & G N i & 4 59 0 » 4] 6b

1360 -

—
[O8)
N
(=]
T
—
15

g
R
g Al
213201 Co
E Ta Cr
- W ——T,
1300 —— —O0——8— —%—T;
1280 1 1 1 1
0 2 4 6 8 10 12
C
451+ —a—Co
—@—Cr
—*—Ta
—— Al
40t
¥
=
< 35}

}

2 4 6 8 10 12
Content/wt%

Fi o T Ti g6 a0y A AR X 80N B 6¢ 8 Ti TG 3
B M 0.5Wt%~2.5Wt% AR AL,y FE BT H il 2k, B Ti &
S IN, p A AT R R 2T I i, L AR LR R AR
SE oy AHAE 900 °C 14T i 5 BE Ti 2 & 38 o v a2 4 14
Wi 6d ffras . B IGE ATy AT I RE M), o HH S B R
r IR BE B G 3B I LA R AR AR, W 6e T .
61 A G 4:AE 900 C 1 yAHAT H B Rl AL Ti AR AL ) S {E 2k
K. AL RN S.6Wt%~6.6Wt%, Ti & &N 0~2.0wt%H
YAETE 900 CHHT H B A 42wt%o~54wt%.
333 e FEAHAMATE @R

ALY B W& R AL E Yz —. @R 3
AN B AL : — IR MC BRAGA s — IRk M C TRACII AN — 2K
M, C . BT AT TafHf GRS EM E B RS
ST RS0, PNARBR AT MC WAL AT IR
GEVIE SR ZE . SRR, 3R SMINAT
M B4 TN G AT ) o G r T 7 380 A 4 VAT 4 )
B S 5 K, 24 Ti & 8 M 1Swit% 38 Il 2 2.5wt% , AT i
48.2 CHIINA146.5 C . HILTE S &l Wit il fE
RSB TigoE, R EEE N R,

Kl 8 NAIE TiTa HE F B JG 3 & &% — IR MC i ik,
YIMT AT R B . 1 8a8b Jy Ti Jo Z 4 MC Bt ALY
T AT 9 RIRZ I, B A 42 (0 BT LR R B T o 8 Jon i 3

1360F B T b
Hf
1350} ey
1340}
—A— W —e— —e—T,
13301 i —A— = —O0— —O—T,
Hf
120 B
Ti
1310} | .
0 1 2 3
45
d
—A—Ti
40r ::_—}Blf
—*—Mo

351

30}

251

20 1 1 1

0 1 o 3
Content/wt%

BIS A8 B I 25 (T 05 25 (T FIEE I FE X 1R] CAT) (R 5]
Fig.5 Effect of alloy component on initial melting point (7)) and final melting point (7) (a-b) as well as solidification temperature range (A7) (c—d):

(a, ¢) Co, Cr, Ta, and Al; (b, d) Ti, B, Hf, and Mo



* 1020

A IEA S TAE 54 %
100 100
Al content/wt% g é’- e b
s v as | 1250} = 5 .
- 80 -—x-;q_x_;_i;é‘ﬁ‘e :\‘D \a\ Xs.o < y 2 180 S
S S——o—o—_ \X\X\x s m\ *\ —v—55 ,'O E
B Fomvme TTtmal | THay o ——60 | § o g
2 s 0\ o 5
g 60 ~v - 1200 + o 0 E
£ - 1608
3 S 5
o 40 & é
2 1150 L 140 &
f o O -
=20 D/ O e
/, —DO— Precipitation temperature
1100} - O- Mass fraction of y' phase at900°c 120
0 1 1 1 1
600 800 1000 1200 4 6 8
Temperature/°C Al Content/wt%
100 100
—0O— Precipitation temperature d
Ti content/wt% e . i O
1250 | - ©- Mass fraction of y’ phase at 900 °C
80 —=—05 & 180 ¥
o g ] —
% oot of‘zfz;’%‘;x " . % 5 %
= 60} = A 2 —v—2.0 1200 | D/ 9]
; TR, TH[E e e 105
k=1 ~a Lt e O
NN 1150} . ]
3 N gusor o 402
= N\ A =
~ 20t L \\A
\ 1100 | 120
0 1 1 2\ = L
600 800 1000 1200 0 1 2 3
Temperature/°C Ti Content/wt%
80 6.6
B content/wt% € / 7 / 4 f
54.00 y / %
—=—0.02 6.4p 52.00 S P S
o —0—10.05 > 4 e 7 P
% et -
S ——o15 | 2 ol / / /
2 Z i p /
8 ——018 | B P 4800 g P
8 40 —>—0.20 % 58F /// /// ya //,/
O o A / / pd /
2 O 5.6 / / / &
a = % Ve A s
& 20} < s54f A S
S oa P 7 /
5ok // /34.00 /42.00
7 F e
0 1 1 5.0 L L i 1 L 1 A 1 1 1
600 800 1000 1200 0.0 02 04 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
Temperature/°C Ti Content/wt%

6 ALTi FI B JCE AT y ARAT 44T D9 B SZ M A ' A HH 5 AR T LE A5 28 A A4 25

Fig.6 Effect of Al (a-b), Ti (c—d) and B (¢) element component on the precipitation behavior of y’ phase; contour map of y’ precipitation amount at
900 °C as a function of Al and Ti content (f)

160
[ ] —m—Hf
—o—Ti
—A—Ta
120}
" S . /
& 80 g
< / /
. A
. '/
awl /
l/ A/A
0 1 1 1 1
2 3 4 5

Mass Fraction of Alloying Element/%

7 TiTa FIHE TG EN — I MCBRAIEHT 55 (151

Fig.7 Effect of Ti, Ta and Hf on the liquid-precipitation tendency of

primary MC carbides

BAAR , T FF U AT 258 B T B 0 I A g . 4 Ti
TCE M 0.5Wt% 18 I 2 2.5wt% i, MC B4k i KM H
i1 952.8 C Y 2.3wt% &M 2 1070 C ) 2.1wt% (& 8a) ,
MC BRALPIEITT 46 AT IR FH 1355.1 “CHEIN4E 1463.2 C
(EI8b). K 8c.8d N Ta st &N MC RLERALYINT AT NI
S, B AL A AT H R Ta & S IN RS . 24 Ta
TEE M 1.OWt% I N 2 4.0wt%I , MC B Y KT HY &
1 1097.9 C 2. 1wt%IE I 42 965.4 “C12.3wt%. [ 8e.
84 HE TG X MC BLBAL MINT AT NI 52, 34 R A
55 Ta T E AL AR & 8d 8 AT 41, B Ta FIHE LR &
I, MC BB A 5 KT B e 1Y N S B T T
FasE . BEFE BICR N, MC BB AL YT AT iR

AT R A2, W] 8g 8h BT o

PEIEATEGE , L] B ICEIEAA 20 MC RLBRAL ) i



4 1] T RB%: illE B SRS SMITHiT AN <1021 »

3 a 1500 b
5 12.4
N A=y - L o X
5 e e 2
15 S 1,08
= e Ti content/wt% —=— 0.5 E 20¢g
8 LT —o—10 £ 1400 - o]
e V/Zﬁ ——15 D B =
8 i ——20 g = / g
,E 1p /V;Z/‘*? ——25 & e 1.8 =
V ~ -
o [« 13sop T Moy °g
§ % —0O— Precipitation temperature e
\ - O- Mass fraction of MC phase at 900 °C ™ -O
\ —B— Maximum precipitation
0 m . = 1300 £ : 12
600 800 1000 1200 1400 0 1 3 3
Temperature/°C Ti Content/wt%
3.0 1500 2.4
c -/./-—" d
25 /./'
X i - X
E @) 1450 ./—D—Precipimtion temperature E
3 g - O- Mass fraction of MC phase at 900 °C 12.0%
8 g —m— Maximum precipitation & 38
g a content/wt% % A g
@] PR 21400‘ _piorenOg @)
2 —o—15 g A 8
= Iy = A 116
- e i
@] ——3.0 1350 H—0 H~—H %
E 05} ——35 B 4
——14.0 |3 Ied
0.0 \\'*
600 800 1000 1200 1400 1300 2 4 12
Temperature/°C Ta Content/wt%
3.0 1500
e e fl24
» "
S25F —" o =
) L il d
3 o14s0F = P z
520 g F 12.0 §
: : °
&) 1.54 Hf content/wt% IS 1400 F % /j (3
2 —=—06 2 2 8
= ——038 g o 1162
~ 1.0 —2—1.0 = 4
Q ——12 1350 F o—ol o— o g
= ——14 I A
0.5 16 , —0— Preclpnatu.)n temperature
. 18 ) - O- Mass fraction of MC phase at 900 °C 1.2
g P d —®— Maximum precipitation
0.0 i i i 1300 N L L L
600 800 1000 1200 1400 0.4 0.8 1.2 1.6 2.0
Temperature/°C Hf Content/wt%
3 1500
B content/wt% _._0_(% h_ 2.4
—0—0.05
X —2—0.08 - ] X
3 ——0.12 O 1450 =—= =
s 2f ——0.15 g 2
13 ——0.18 2] 38
e ——0.20 El 5
g £ 1400 - 120 ©
0 o 2
B g T o s S =
= 1 ﬁ g——-7>0 Djzh’g ul o—a0 o
&) 1350+ - g
g i 07 —0O— Precipitation temperature
@ - O- Meass fraction of MC phase at 900 °C | | ¢
—MB— Maximum precipitation °
0 L L s , " 1300 " L " N L
600 800 1000 1200 1400 0.04 0.08 0.12 0.16 0.20
Temperature/°C B Content/wt%

8 Ti Ta HF R B JC# XK MC BRALYINT AT A 2
Fig.8 Effect of Ti (a-b), Ta (c—d), Hf (e—f) and B (g—h) elements on the precipitation behavior of primary MC carbides

WRAE R 2 A o TR R 2 O R i IR PERE, H R — IR MC BRI M ERTTTR , 70 S B Az (AN
FIRL & B R A eI KR EEONE W MC QR
FE Crif) My, CoRRAL . 2 FBRAL MR T & M= MCHy-F:AR—>M C+y’ (D



° 1022

W] B RS TR

554 3%

MC+y-F:AK—M,.Ctn 2

P19y W.Cr Al B JC & X M,C Fl M,,C, T Ak ¥ i
FERHT H S0 . B 9a W IG 3R & B 5 KR
Frif AT M A . 2 W & & N 10wt% 3 n &
12wt% , MC & A6 W0 16 A H iR B2 B 995.9 °C 3 m =
1130.4 °C, i 5 RAT H B 0.58wt%d b i 2 2.78wt%. {H
e, B Wt R &m0, M,,C, A i BT H I B
%, T 6 M,,C BRI BT H B A2 /. B 9b 24 Cr
TOER O RN BRI AT R s LA . 2 Crot
M TWt% I 2 10wt% , M,C 1 M,,C AL i H 2%
B 46 0, T Cr JG 24 M,,C B Ak AT H & 1 e K+
MCHALY, BEIE T M,,C, EENE Crifl Cr,,Coo K 9c
N B IGER & B IR AT R R A . B
Bt & &GN, MC RN H B K, 4 B o &
TE/NT 0.12wt% I, M C B A 5 KT H 5 I Ik i
B, R4, B gt R X ML,C, R AL M BT AT N I R i
BN,
334 A& AEFMLAITE IR R

TER I m R A &b, ik b 1) 808 It 3R 2 H Mo
Ti.Cr Co MINi S e R4 k. Wk BEWE H1, HAE
TR AR 3508, F AR e M vT DA IS MC Bk 4™
TEFT AT, MB, & e AN 52 VE AR, vl R & &
Cr 8¢ Mo, HARE T &8 & 4 i 5 - Theska 55038 ik
S 1 JE BB ) A R AN S W 4% K I MB, 7E
KRR 2R 1. MR ERE N 1175 CLLE,

1200

W

B 7E B A4 o (1) 7 it FE T AR AR, Foe e T . AL
MB, ZELE R AR I AR Hh 12 0V AR T A TR S A /N 2
MB, W] 7F #4 A5 T 1 8] 8 ik Zener-Smith 4T 4L >k #11 il #
Qld:l: El[3l]c
B 10 6 4t 3 B T B 52 i, AR 4 44 7 %

IINT B & AL Oy MB, F MB, B ALY . 1 10a
N Ti Je FE AL AT s . ARPE R 2 AT, Ti e R
MBI EETE S s . L, BEAE Ti & &1
I, MB, WA ) BB B G 0, BB H IR BT B
FRAE ] 10a v 0, Ti g0 26 MB, BAL 2 R 52 A X 5 55
] 10b~10d 43 51 4 Cr W Mo 7T 2 X Bl AL Pt ey s,
Wb B E 2 Cr MW TR . BEE Crt i
6.5wt% I N 2 10wt% , M,B, W46 4 B 2 120 14 N 7
THGE , 4 Cri i A 6.5wt% N2 7.5wt% it , M,B, il 4k,

B 2.02wt% 18 N 2 2.22wt% . W It R Xl AL P i
SN 5 Cr o 2 A ALK&, i 10e frc. Bl 10d K
Mo G E ST HAL P I 540, Mo 76 256 MB, B4 (i
T FE R 2, 2 Mo 2 2 M\ 0.4wt% 38 I 42 2.0wt%
MB, Tl A6 P 1 JF 45 A iR BE B 1051.5 °C 3 hn &=
12582 ‘C. & 10e B L &ML YIHT IR, B G &R
X MB, B B B R AT BRI ECR . BEE B & E
S0, %k MB, IR (T BUACL T AN T8 , 1X 5 SCHR[13]
& R—5
33.5 upAatkAL

oy BRI el A A B A B R, W

g
n

—O— Precipitation temperature of M,C . a BN 1050 | 2 Preciitation temperature of M.C b N
1150 |—0— Precipitation temperature of M,;C; L 'D % —O— Precipitation temperature OfMuSe e . ?\;
i =} — .- 3
1100} T £ 1000} P R L
£ 1050¢ T 28 @ g S
£ 1000 B Al g E/:”"o/o lise
2 r sl g5 5 o 5
< e} 2
3 950 o v é E 900 | - W~ Maximum precipitation of M,C %
g* \7\0\ e g - @ Mass fraction of My,Cgat700°C  11.0 2
s 900F P O 1€ 5 i
. 0 = 850 S
i 5 - s
e aximum precipitation of M,C - - 105 §
- @-Mass fraction of M,;Cg at 700 °C S 800 | -- -2
800+ 236 ﬂé 9’ » Lg)
S
750 > . > 0o 750 = : L g 0.0
10 11 12 7 8 9 10
W Content/wt% Cr Content/wt%
T 25

1050 ‘—D— Precipitation temperature of M,C C $

_d){mipitation temperature of M,;Cy ‘;

O o

1000} TTe— o 20%

O I'm e _@e--- o---0

g . e @]

D 950 U8 --et T 6 o——o0—0 {159

2 © :

s 151

aé_ 900 | o ) (' %

g

£ 850} . b

Mt s S

TE--a 105 E

800 - m- Maximum precipitation of M,C i'-é

- @ Mass fraction of My,Cg at 700 °C 3

750 . . . . . 0.0
0.04 0.08 0.12 0.16 0.20
B Content/wt%

K19 W.Cr Ml B JoFx — IRBAC I tH AT I 52 R
Fig.9 Effect of W (a), Cr (b) and B (c) elements on the precipitation behavior of secondary carbides



T ORE: N EBEIEHRE SRS TN

° 1023 »
1400 2.5 1400 b 2.5
- --0---0---0---0---0---0---0 o --O @ -0 --0--0--0
. - e A
O0—0—0—0——0—n 2.0 " ¢ U—DO—D0—0p— oo 2.0 .
o 1300} T 1300} <
S s 9
E —[— Precipitation temperature of MB, 1.5 }LE E —O— Precipitation temperature of MB, 1.5 %
£ 1200 —O— Precipitation temperature of M;B, g % —O— Precipitation temperature of M;B, =
g r - - Maximum precipitation of MB, S 5 1200} - m- Maximum precipitation of MB, 3
g - @ Maximum precipitation of M;B, 1.0 _a': g - @ Maximum precipitation of M;B, 1.0 2
[ = 7} :
) = =)
1 100 | 0——0—0—0—0—0—0—0 /M £
- -m---E---E---E---E---E---E g E--E---E---m---E---m---m---m (]
' 1100} o—o—0—©°— 90— °—°—° '
1000 : : 0.0 - . : > 0.0
1 2 6 7 8 9 10
Ti Content/wt% Cr Content/wt%
1400 c 3 1400 q 2.5
o0—0o—7~O0o0—0—-0o0—0o0—0o0—0oO—-a0 -0
1300 + [ Bt S bb X S . s o
o - @O -0 -0 -® ° 1300 |- —O— Precipitation temperature of MB, T
&) | __e--® ] &) —O— Precipitation temperature of M;B,
S 1200 L4 2 % S - W~ Maximum precipitation of MB, Q 15 g
E _ 5 Bo) EE - @ Maximum precipitation of M;B, / g
81100} o—o—0—0—0—0—0—"7° S E1200f e g
2 —0O— Precipitation temperature of MB, Q & o O
= —O— Precipitation temperature of M,B, 3 g / 1.0 g
& 1000 - - W~ Maximum precipitation of M,B 11 g = o 5
- @- Maximum precipitation of M;B, @ 1100+ aa]
m-- - ------ ------ ------ = 105
900 ®W---E---m---E---E---N---E---E---N %
800 L L L L L 0 1000 - 0.0
8 9 10 11 12 1 2
W Content/wt% Mo Content/wt%
1400 3.0
e
D____D————D————U—‘D—:,_’a'—u 12.5
1300 | —O— Precipitation temperature of MB, ¢~ N
&) —O— Precipitation temperature of M,B; 12.0 1;
S ~ B~ Maximum precipitation of MB, . k=
| - ®- Maximum precipitation &¥14,B, 38
£ 12001 7 1.5 §
=9 . &)
£ o 3
) . =]
& S e 1.0 g
1100r o gl —0——0""°7 _ . A
Fa UL S 10.5
L 4 - =
1000 === 0.0

0.02 0.06 0.10

0.14 0.18 022

B Content/wt%

10 Ti Cr.W.Mo H B Je 23 X WLt i 47 4 52 0R
Fig.10 Effect of Ti (a), Cr (b), W (c), Mo (d) and B (e) elements on the precipitation behavior of borides

80
70 +
GOk —h—h———*
X50F —=—Ni
g —e—Co
;\«40 i —&—Cr
3 —v— Mo
=<30F W
20 > @ L 4 @ 3 o ® ° ° Py Py °
=== ===
= v >+ > -+ o
600 620 640 660 680 700 720
Temperature/°C

11 g R o 86 < 0 2R R BE R 73 B IR BE A2 Ak
Fig.11 Changes of mole fraction of each alloying element in x phase

along with temperature

Cr &, il el & & E KRS A2 Hobr A 5 1 TCP
FHCUT o R P AR o AR P 1 P18 AH BT %0, 5 B R 2
G S AE NRAEIR FE G BBl N AFTE B Al o AR 2 2 0] A,
M A W.Cr.Co-Mo MINi TEE A& TER, B A
600~720 “C [X [H] P4 A4+ w AH 1 32 B2 40 fl oo 2% Bl i P AR
e, AR RS M EGRAF R A& TR S &,
W 5 P T s e AE R WG R R LIS A 1, 1T
Co JLRME UM, AH A S0 = IR IR E RN

Bl 12 3 B 4o 20 AT H S AT H R R ) 52
Wi AR 12 A 41, B CoCraW AT Mo JC & & =1 u
AR HH BRI HRLRE 25 G i . BRI, D T 4
FFIATH X UM TR S EY AL & B2 CrflMo
TCERA RN TE & M e F R 3 =, BT AN 256 25 e
HARMER . BEE B IGRIGIN, 0 A AT H IR BE I BT B, 1T
400 C I w AHATHH E 3G A, B iR & &N



* 1024 Mirfi & @M EHE TRE 54 %
800 8
2 900 5 8
. o
750} o e s
5 800 22 B
g ey ; 2
g " e g 5 LA 2
700t P 5 168 168
2 / o 2700t °
g ,-'/D g E g
. = =
= # A E ~
650+ ./' < —O—Precipitation temperature of i phase =
v e BOF i it
600y = : : g
7 8 g 10 11 12 6 7 8 9 10
Co Content/wt% Cr Content/wt%
900 12 900 8
—DO—Precipitation temperature of u phase ¢ —O— Precipitation temperature of # phase d
- @- Mass fraction of 4 phase at 400 °C v 110 - @- Mass fraction of 4 phase at 400 °C
-7 0 °
800 N T d6g
OU ] / % 8 ol / 6 E
3 1#% e AR
a £ - z
5700» le 8 £ T e 1a &
= 14 & & o =
600} = = 15
12 600t *
500p ¢ ) ) ) ) 0 i . 0
8 9 10 11 12 0 1 2
W Content/wt% Mo Content/wt%
900 8.0
I.\ ~ €
A 175
© 800+ / k:
P D:\D " E
E ~ L3 17.0 §
& D\DQ %
153 N
2700 : 2
g m\n i %
= —0O— Precipitation temperature of # phase By \D é
- @ Mass fraction of 4 phase at 400 °C LY =]
. 16.0
600 - .
- - : : : 5.5
0.02 0.06 0.10 0.14 0.18 0.22
B Content/wt%
K12 Co.Cr W .Mo 1 B JtZ 5t AT AT IR 520
Fig.12 Effect of Co (a), Cr (b), W (c), Mo (d), and B (e) elements on the precipitation behavior of x phase
0.05wt%Hhf , 400 C I AHBT H B f 157 20 7. 7wt%, R UG, 7E 5)B JC & BB IRy AR A MC ALY AT HE 500

Ee B SR R AR S A B TE R,
4 % it

D# 8 5 B AR B 45 i & S B A 4L 2 i p (&
P oy IRAL A (T2 B MC MO AR (p+y) 3L R 4L
B R Bk FE b, HE AN Ta 70 3 (i 80™ 8, 3 B i
BTG, 5] F AT A R AL

2)TiTa-Hf\BL AL JGCE X & S A0 IR B 2 i oK .
Y FF LG T I K FLAE 900 “CHT HE B Al =48
T 5, 100 Ti 7626y AH (52 M AR X B/

3)Ta Fl HE 76 2 B IR i3E MC B BRALPIHT H , Cr ot
T M,,C AT H = 1R 52 0 K T % MC b . Wl
RT3 B 52 Cr W JG 2 ARSI, 1T Mo 7t 206
MBI BT IR S 2 3

4) B AR BT B A F ] Co Cr W Al Mo JG

o

1=
s

=04
52

=

/é\

Gl

N AHZAE MCTRACINT H B IR HT K. YUBLERSE
90.05wt%HH} , 400 C Y u AHMT H B fe i o BRI, 7E 5 4
BTH i B R B N INZ S B LR

SE 3

[1] Liu J, LiJ H, Hage F S et al. Acta Materialia[J], 2017, 131: 169

[2] Zhou Wei( il f§), Liu Lin(X] #K), Jie Ziqi(/* + #F) et al. Rare
Metal Materials and Engineering( ¥ 5 4 J& # K 5 1 12)[J],
2014, 43(12): 3082

[3]Wang H W, Yang J X, Meng J et al. Journal of Alloys and
Compounds[J], 2021, 860: 157929

[4] Ge HL, Yang Y Q, Zheng S J et al. Materials Characterization[J],
2020, 169: 110569

[5] ShulgaAV.Journal of Alloys and Compounds[J],2007,436(1-2): 155

[6] Yan B C, Zhang J, Lou L H. Materials Science and Engineering A[J],
2008, 474(1-2): 39

[7]1Zhao M J, Guo Z F, Liang H et al. Materials Science and

References



4 1]

T ORE: N EBEIEHRE SRS TN

* 1025

Engineering A[J], 2010, 527(21-22): 5844
[8] Ojo O A, Zhang H R. Metallurgical and Materials Transactions A[J],
2008, 39: 2799
[91Huang Z W, Li H Y, Baxter G et al. Journal of Materials
Processing Technology[J], 2011, 211(12): 1927
[10] Yang F, Hou J S, Gao S et al. Materials Science and Engineering
A[J], 2018, 715: 126
[11] Hosseini S A, Abbasi S M, Madar K Z et al. Materials Chemistry
and Physics[J], 2018, 211: 302
[12] Kontis P, Alabort E, Barba D et al. Acta Materialia[l], 2017,
124: 489
[13] Liu Qiaomu(XJ757K), Huang Shunzhou(ZMiiyM), Liu Fang(X] 7%)
et al. Acta Metallurgica Sinica(%J&54R)[T], 2019, 55(6): 720
[14] Wu Baoping( % 4 °F), Wu Jiantao( % &%), Li Juntao(ZE 1R i%).
Transactions of Materials and Heat Treatment(FHRFAGEEESAR) (1],
2019, 40(6): 52
[15] Feng Wei(#% %), Zhang Huaxia( 7k # £5), Tian Guoli( FH [E #))
et al. Foundry Technology(% i+ AR)[J], 2019, 40(7): 642
[16] Reed R C. The Superalloys: Fundamentals and Applications[M].
Cambridge: Cambridge University Press, 2008
[17] Hou Jie(f% 7), Li Shangping(Z= i), Han Shaolin(i#i /> TI) et
al. Rare Metal Materials and Engineering(%i i 4 J& ¥kl 5 1.
FE)[J], 2023, 52(12): 4147
[18] Meng Fanguo( & JL [H), Kong Shengguo( L M [H), Li Wei( %=
4E) et al. Journal of Aeronautical Materials(FT 75 A4 B 4R) 1],
2018, 38(1): 40
[19] Wang Lu( £ &), Yang Gang(# #N), Liu Zhengdong( X iF %%)

et al. Transactions of Materials and Heat Treatment(F Bl # A 2
24R)[T], 2017, 38(4): 193

[20] An Ning(% ), Yuan Xiaofei( & i% ¥), Niu Yongji(4f 7K 7) et
al. Journal of Aeronautical Materials(Fi 7= ¥k} 2 4%)[J], 2018,
38(6): 19

[21] Hu Liang(#H %), Wang Jue(E %), Ju Jia(E £E) et al. Rare
Metal Materials and Engineering(#i 4 4 J& # Rl 5 1L F2)[J],
2022, 51(11): 4219

[22]Wang C P, Le J P, Chen K Y et al. Materials Science and
Engineering A[J], 2023, 885: 145633

[23] Eris R, Akdeniz M V, Mekhrabov A O. Journal of Alloys and
Compounds[J], 2023, 936: 167869

[24] Xu B, Yin H Q, Jiang X et al. Materials Today Communications[J],
2022, 30: 103164

[25] Kontis P, Kostka A, Raabe D et al. Acta Materialia[J], 2019,
166: 158

[26] LiuR L, Li DY. Scripta Materialia[J], 2021, 204: 114148

[271Yu Z H, Liu L, Zhang J. Transactions of Nonferrous Metals
Society of China[J], 2014, 24(2): 339

[28] Yan Xuewei([=]2%4H), Tang Ning(FF %), Liu Xiaofu(XI| Z£47) et
al. Acta Metallurgica Sinica(%:J&2=1%)[J], 2015, 51(10): 1288

[29] Zhou X F, Chen G, Feng Y Y et al. Rare Metal Materials and
Engineering[J], 2017, 46(5): 1245

[30] Theska F, Buerstmayr R, Liu H et al. Materials Characterization[J],
2022, 187: 111881

[31] Doherty R D, Hughes D A, Humphreys F I et al. Materials
Science and Engineering A[J], 1997, 238(2): 219

Phase Precipitation Behavior of New High-Boron Cast Ni-based Superalloy

Wang Liang"”, Hu Yiwen®, Zhou Peishan’, Wang Bin®, Zheng Hualin'
(1. School of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China)
(2. School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China)
(3. Patent Examination Cooperation Sichuan Center of the Patent Office, CNIPA, Chengdu 610213, China)

Abstract: The effects of alloying elements on the phase precipitation behavior of a new high-boron Ni-based superalloy were studied using
JMatPro thermodynamic software and compared with the actual cast microstructure. The results indicate that the as-cast microstructure of the new
high-boron Ni-based superalloy exhibits a typical dendritic morphology, mainly composed of y, y’, carbides, borides, and (y+y") eutectic (about
15.5vol%). The segregation of Hf and Ta elements is obvious during the solidification process. Thermodynamic calculations indicate that Ti, Ta,
Hf, Al, and B elements have great influence on the melting temperature of alloys. The initial precipitation temperature of y’ phase and its
precipitation amount at 900 °C are increased with the increase in Al content, while the influence of Ti element is relatively small. In addition, the
Ta and Hf elements will promote the precipitation of MC-type carbide, and the influence of Cr element on the precipitation amount of M,,C,
carbide is greater than that of M,C carbide. The precipitation of borides is mainly influenced by Cr and W elements, while Mo element has a
significant impact on the precipitation temperature of M;B, borides. As the content of Co, Cr, W, and Mo elements increases, the precipitation
amount and precipitation temperature of x« phase both show an increasing trend.
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