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Abstract: The hot isostatic pressing (HIP) technique is employed to create a diffusion-bonded joint
between DD15 alloy and SC-4 alloy. This study systematically examines the impact of HIP temperature
and nickel electrodeposited coating on the microstructure and elemental diffusion characteristics at the
diffusion-bonded joint. The results reveal that HIP diffusion bonding effectively achieves a reliable bond
between DD15 and SC-4. Both sides of the bonding interface exhibit distinct element diffusion zones and
microstructure affected zones, accompanied by the precipitation of large ¥’ phases, carbides, and oxides in
proximity to the interface. In the DD15 alloy, recrystallization occurs in a region approximately 10-20 um
from the surface. Carbides and large-sized ¥ phases are present within this region. In the range of 20-
140 pm away from the interface, the y' phases undergo coarsening. For the SC-4 alloy, carbide
redissolution occurs within 30 pm from the interface, and large ¥’ phases are observed in the vicinity of the
interface. As the HIP temperature increases, the microstructure of DD15 within the heat-affected zone
remains relatively unchanged, whereas the prominent ¥’ phase in SC-4 diminishes, and the size of carbides
and oxides at the bonding interface augments. The influence of nickel plating is evident, with various
shapes of y' phases (long strip-shaped y' phase, large y' phase (=2 um), fine y' phase (200-500 nm) )
emerging near the connection interface, accompanied by the disappearance of carbides and oxides. Notably,
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the large y' phases in SC-4 also vanish under this condition.

Key words: DD15; SC-4; hot isostatic pressure diffusion bonding ; microstructure ; dual-alloy diffusion joint
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Table 1 Chemical compositions of experimental alloy (mass fraction/ % )

Sample Cr Co Al Ti Nb Mo Zr B

SC-4 10.0-15.0 16.0-21.0 1.0-4.0 1.0-4.5 0.5-2.5 1.5-5.0 0.01-0.10 0.01-0.10
DD15 2.0-4.0 7.0-10.0 5.0-6.0 0.2-1.0 0.8-1.6

Sample W C Ta Hf Re Ru Ni

SC-4 1.0-4.5 0.01-0.10 2.0-6.5 0.1-1.0 Bal.

DD15 6.0-9.0 7.0-10.0 0.1-0.3 3.0-5.0 2.0-4.0 Bal.

1.2 FHE
i F 200,400,600 .800.1000.1200 H #H4E X ik

FIPEATICAE B . R 15 g CrO;4-170 mL

H,PO, + 10 mL H,SO, L kA7 Hi e Ji ol

fdi F§ ZYGONexView = 4k [ % T 3 2% 11 1 551X
X G G FE i R IETE ST TRRAE , (4 Sigama 3004341 H
TSI (SEM) .C-SWIF T HL P BT S MY (EBSD)
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Fig.1 SEM images of DD15/SC-4 diffusion-bonded joints at different HIP temperatures
(a)1160 °C;(b)1180 °C; (¢)1200 °C
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Fig.2 Microstructures of 1180 °C HIP sample joint  (a) SEM image ; (b)IPF image
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Fig.3 SEM images of diffusion-bonded joints at different HIP temperatures and EPMA line scan results of element diffusion
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Fig.4 SEM images of recrystallization zone(region [ll ) of DD15 at different HIP temperatures
(a)1160 “C;(b)1180 °C; (¢)1200 C

7 HIP s #E v, — 5 1, DD15 2 1 & A= ¥ AR
FEAE R AR HEAE R T R P & 4, AL Ti ND
B I WISl BUR DA S DIzl WAk G T |
FLAL I 35 H A — R, B R ey 45 55 — D, i
SC-4 iy MIE Bt 2 & AN T DD15 H i,y #HIE &
JCE 0] SC-4 4 8, U Uk BE 6 B, 530k DD15 —
0] 1) 7 HGE 2 Ty A RS 22 08N -

X FEHRIRAT AR | @ B RORCR AT S AH 2R 1T
EDS fil TEM 43 #7 , 1180 “CHY HIP £ 5 (2 5 FE &)
DD15 25 i X e R/ M 45 R K 5 s . K6 R
E 5 A B.C.D & H AHTE 55 S H 407 3 B 5
2 T AR A RS . P, A HORAT i AE (A
A AL AFAE HE Re . Ta W JGE & 4, b 4546 A 1 0>
SEJT AR Ak . AEHIP b #R i, C oo &R
SC-4—ff[m] DD15 4 # , W Fl Re JTt & 1 DD15 —

il i SC-4 —MH . 78 DD15 F-45 5 X B 4E 2 DD15
FefRAL, CIT R SAYIE BT 2 ik 8] — & I 50 8K
YO ], AE 12 DX 0 P I A 3 A v T 7 A A S 5 R
A E T SR EY 7 Saad B 1y AL
I B AR — e, 2 Bk ) L A I R i
R8540 T F R RS L

T 4 T A 6 BE JIUREAR BT A = RS [R]
ML . RSHRS R B9AT (B A 8043 HE  Ta Zr .
OJCE, A& S5 F A RO ST I 4548 Je—Fh L. 1%
FALWIE B T DD15 A1 SC-4 78 14 $E 1 26 1 5 2%
SRS, A 4 3R AR BN/ IN R A I A AR S W
7E HIP o F v e Bty 48 56 &b HE  Ta Zr SR TE
/NS A RN, BRI K. RAF 0
FIAR (CAH) FEE 4>~ TiHE Ta.C L&, ik 451
RO ST T 25— A o 1% EEARH T B



W4t 2

DD15/SC-4 WA 4 AR R Y HOE 3k o 41 41 227

F5 1180 °C HIP R &h DD15 45 i K 6 2404
(a)DD15 45 X 5 (b) 4% 5t Thi
Fig.5 Element distributions in DD15 recrystallization area of HIP sample at 1180 °C

(a)DD15 recrystallization area; (b)bonding interface
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Fig.6 Morphologies of each precipitated phase and its electron diffraction spots
(a)phase Aj;(b)phase B; (¢)phase C;(d)phase D
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Table 2 Chemical compositions of precipitated phase (mass fraction/ % )

Precipitated phase B C O Al Ti Cr Co Ni
A 0.00 2.47 0.11 0.08 0.07 4.44 4.22 4.39
B 0.00 0.06 6.13 0.00 0.07 0.06 0.00 0.00
C 0.00 1.66 0.00 0.03 34.37 0.14 0.08 0.42
D 0.00 0.05 0.39 0.85 0.37 7.33 9.36 14.08
Precipitated phase Zr Nb Mo Ru Hf Ta w Re

0.71 0.16 1.70 0.49 14.71 37.59 8.95 19.91
B 6.17 0.11 0.00 0.34 51.50 35.47 0.00 0.09
C 0.65 2.38 0.23 0.18 16.49 43.38 0.00 0.00
D 0.80 0.48 4.18 0.50 12.54 31.09 7.78 10.19
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7 A HIP BT DD15 48U X (11 1X)SEM
(a)1160 °C;(b)1180 °C; (¢)1200 °C
Fig.7 SEM images of microstructure affected zone(region Il ) of DD15 at different HIP temperatures
(a)1160 °C;(b) 1180 °C; (¢)1200 °C
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Fig.8 SEM images of microstructures affected zone(region IV') of SC-4 at different HIP temperatures
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Fig.10 Surface 3D(1) and 2D(2) topographies of samples with different nickel plating processes

(a)sample without nickel plating ; (b)nickel-plated sample
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