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Abstract: High-strength joining between TiAl and Ni-based superalloy was achieved by reactive brazing using a
NisZrsSn,Cu,Hf,FeCr high-entropy filler. The differences in element properties within the high-entropy system promoted
phase separation, while atomic radius compatibility facilitated the widespread formation of semi-coherent interfaces across
the joint. The results indicate that these semi-coherent interfaces, through periodic misfit dislocations and their elastoplastic
cooperative regulation, effectively relieve residual stresses at the interface, significantly enhancing the mechanical perfor-
mance of the joint: the room-temperature shear strength approaches that of the TiAl substrate and remains high at 650 °C.
Atomic-scale simulations and radial distribution function (RDF) analyses further reveal that the thermodynamic separation
tendency between Ni and Cr-Mo-Fe-rich phases drives the spontaneous formation of semi-coherent interfaces, providing a
key mechanism for the stability of the weld microstructure. This study elucidates the critical role of semi-coherent interfaces
in enhancing the performance of high-entropy brazed dissimilar alloy joints and offers new insights for microstructural de-
sign in advanced structural material joining.
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Table 1 Composition of the base metals (at. %)

Base metals Ti Al Nb B Cr Ni Fe Mo Co Si Mn w
TiAl Bal. 46.54 1.99 0.14 2.04 — — — — — — —
Superalloy — — — — 23.54 Bal. 18.29 5.32 1.76 1.54 0.51 0.20
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Fig. 1 brazing process chart
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Table 2 EDS energy spectrum analysis results of each point in Fig. 2(at. %)

Elements
Point Ti Al Nb Ni Zr Sn Cu Hf Fe Cr Mo Possible phases
A 57.90 33.32 1.92 1.58 — 0.10 — — 1.42 3.77 — TiAl
B 34.10 37.88 1.35 16.85 — — 1.55 — 4.24 4.03 — Ti,NiAl,
C 15.08 21.65 — 51.85 0.77 0.86 0.21 0.58 5.64 3.36 — TiNi,Al
D 2.41 1.71 — 18.01 — — — — 22.06 45.00 10.81 (Cr,Ni,Fe,Mo)ss
E 18.51 1.28 — 7.53 14.47 — — 45.52 4.13 6.54 2.02 (Hf, Zr)ss
F 61.78 1.11 2.94 6.07 2.88 — — 3.20 5.70 12.03 4.30 (Ti)ss
G 16.35 17.67 0.46 51.69 1.71 1.85 0.59 1.00 432 391 0.45 TiNi,Al
H 2.32 2.24 — 18.12 0.74 — — — 22.25 43.73 10.59 (Cr,Ni,Fe,Mo)ss
I 6.80 3.40 1.37 59.97 10.01 0.19 1.75 4.63 6.42 4.71 0.76 (Ni)ss
J 6.31 8.06 — 48.97 — 0.11 1.61 — 17.78 15.63 1.51 (Ni,Cr,Fe)ss
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Fig.2 Typical microstructure of the TiAl/Ni-based superalloy joint
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Fig. 4 Shear strength of the joints at different testing temperatures

P CO) J A B A7 B TR LS5 18 % 5 (2) Rl
8 e LAS/INER A EETC 5 (3) 2 HE A5 R TE 12 RE 67 251
ISy, LRPLEI P FEVER A e R 3z
A 1o JRy S A 1 0 Y R HT Re R e A A i 2, DA
TARUE T 4223k (R R ARSI g 2 T S

&l 5a it 75 4 TINLAL 5 (Cr, Ni, Fe, Mo ) ss Z [H]
B ST . IS TiNiLAL(220) & 1 [a] B R 2,11 AL 1
(Cr, Ni, Fe, Mo)ss 19 (—43-1) f4 i [A] 4 1.72 A



5510 1]

ZEUTDE, A5 ERETRIE & TIAUNG S LS ik v s S im 9 A A A 17

W5 5 18] 52 2 M TiNLALL 1-10]//(Cr, Ni, Fe, Mo) ss
[11-1], fTA IR 19.0° (WL E 6a2) . Z AR
Ry ARG LT P B A T 1D it 1) B ) 22 5, A R T
RN 14.6%. WIAEE R, TR R
R AV B KRR A6 A TR 30, X e fa 45 44 7E
RKRFRE g2 fig 1 N Sy kb 1 PR s AR R
M FEAIFZE . [HA, (Cr,Ni, Fe, Mo)ss —{lll §¢ it
1A DX 3l 2 AR 431 PR e B 1), L N R AT I
1o B FE LA IO Bl TRk 5 T A e W A2 8
B ERTFE T (Cr,Ni, Fe, Mo ) ss FH {4 Jey s 5

F 5b Sk TiNi,Al 55 (Ni) ss 22 [B] {4 55 50 5L 1T .
TiNi,AL1(032) 1 [H] 4 1.90 A, (Ni)ss(101) /1
[ #E R 2.33 Ao @ AR EC W) ¢ & O TiNLALL6-231//
(Ni)ss[100], TiNi,Al1(130) 47 F (Ni)ss(100) , ¥
BIMLIHF9.5° THAARE] A% R BLEE LM 19.0%,
RUPZFAL A IO . AR,
7E TINLALFH NS AT OSSR KR TN 2550 . 5
JEE] TINLAUK A T & @ MAL G, il Ik R %
FRE, 22 485 0 B BRIk AR Sy — e ol S 1 0 A% Bl A L
il o 3K S8 SRR AN AN A3 BT R AR R TC RN A B e 22
SEY R Y I T, IR TE T A IR P
LS efie )1, (S B A pI RS LAl

K 5c J&7n T (Hf, Zr)ss 5 (Ni) ss Z [R] i) B 1 .
A% (Hf, Zr) ss (200) @& 18 [4] #5247 2.59 A, (Ni) ss
(111) S 8] #E ok 2.1 Ao SR ER) 56 & 0 (HS,
Zr)ss[ 0-11]//(Ni)ss[0-11], (Hf,Zr)ss(111)F47F
(Ni)ss(111), R4 (Hf, Zr)ss(200) 5 (Ni)ss(111)
rm A PR AR R R R 25 5 (0l T & e A 200
67°, 76 (Ni)ss(111) 3k 1 J5 ) |, (Hf, Zr)ss(200)
T 452 A T FE 29 49 1.02 A, SEE T 0L 3 3 0
VERE, AN 5.71% 03X it B 5 1 BE 08 76
RE 7 1] SEB AR BT, DA R A AL T RE TP
PR RERSE AT A5

¥ 5d 2} (Cr, Ni, Fe, Mo)ss 5 (Ni) ss 2 [A] f{ &
Il o S (Cr, Ni, Fe, Mo)ss (022) & Ifif [H] # 4 2.04
AT (Ni)ss(111) S faI#E R 2.10 A SR ARER ) 56
% K (Cr,Ni,Fe,Mo)ss[ -12-21//(Ni)ss[01-1], H.
(Cr,Ni,Fe,Mo)ss(022)F47F (Ni)ss(200) , i I
1 %)M 62°, FE(Cr,Ni, Fe, Mo)ss (022) ¥ [7] J7 [f]
b, (NDss (111D Ay 52 M T BE 20 20 0.99 A, BE PR

A~ (Ni)ss i AT 5 —4~(Cr,Ni, Fe,Mo) ss i i
JE AT BT R DE L , 2% e 240 A 2.99% ., TFFT %
iR B 2R 80T 2 H AR UL B A LA R BR8] 156
I A% = B L AR O SR Y . X I A
FUIH A B T REAR I RE , I8 S0 A ] g
PR, T S s Pk

LRGORE  Hk TP Y25 28 S B A A Ak 1Y)
i A TG RT IR ) 25 5, o 28R e AR, 45
SRR E Mk W PR AR . AR, TEREE ) L
s S B ) AT ] B PR AT AT S B AR B X 3E ot
1 2% BE R LA 5 B 5 B TRDRDRE AL )2 e S Ry i 5
P A 45 22 AR OIS N BIL A , S 1T 5 44 50 B AT
PRAF. ks AR BT A T AN ANkt S T TR
PP R, IR fE Sk T g ST T 2 RO I AR 1 15
W25, RSk o RN R B THR AL T SRR R s
33 FARFREMNARET SHEEMETT

SRR N B S S 18T 4 R T DAL g — 2
gh G LA A3 T (GPA) 45 5 BIE N T332
P AE S5 RE 4B, Bt S TS O Y ) B BT oA L O
JEsE ik, & 6ak TiNi,Al 55 (Cr, Ni, Fe, Mo)
ss 2 |] S5 00 B K TFFT A% . 5T ml Wl 22 20 3 b
14 J S A8 T 7 A8 0 A, SIS B ] B2 0.63 nm.,
I T I~ F3 S A A SR R 8 A B
LIRZ ) NWADNGLY

T € g SINOCOSH

N
(1 -vy
A ERTRPERE ;v RIANA L ; €00 M ST AR 2K
Bi; 00 Fhif e/l o AR A SO RS B His 5y
N F7 4 10.79 GPa, I 7 12 5 11 Ab W5 78 W 77 7K P
o SR, GPA 43 B 2R BH 59 i 2% 32 248 i 7E (Cr,
Ni,Fe,Mo)ss —1ll] , AL A5 7K 488708, BT S B vy
T BARTFTEISAE . N 50 UE RS e 45 1Y LA & 2R
P, k25 % FH Frank-Bilby J5 P4k 340 AR A8 i (37 4l
[ d HKAE SRS 2 it %R B (Cr, Ni, Fe, Mo)ss 1
F& K1 (h~0.487 nm) , 52| P45 ] R4 3.34 nm,
SR SEIAE . F b eT L i T e e R v A
HEAR ST AR B , A 30kt e T S SR I
4 6b A TiNi,Al 5 (Ni)ss 22 [a] 5 Jfi 51 & IFFT
FG o FE T A7E FU HE S 0 8 A 46, S0 57 5 1)
#2974 0.70 nm. FEHELE Y 111K 5.84 GPa,



18 F 5K

2025 4F:

[\ 5
4| [170]TiNiAW[11T)(Cr, Ni, Fe, Ma)ss

{Cr, Ni, Fo_, Mo)ss

(330)

(101)
"$:3(331';

_f{'Hf, Zr)s's o
=2 59A‘::$" (200)

[@1iye(@1) [

(a,-a,) TiNi2Al/(Cr,Ni, Fe, Mo )ss %t ; (b,-b, ) TiNi2Al/(Ni)ss %[ 5 (¢,-c,) (Hf, Zr)ss/(Ni)ss F[fi 5

"’ stéckihg i

FGC-(Ni)ss
d(101)_=2.33A

FCC-TiNi, Al
B 'd(032)=1-90A

(d,-d,)(Cr,Ni,Fe,Mo)ss/(Ni)ss F- i
E5 ELAEEHEREE : HRTEM E/{% . SAED B B RAVEL[E 5% &0 IFFT B B RAY A FE m 55 &

Fig. 5 Interface structures of main phases in the joint: HRTEM images, SAED-derived orientation relationships, and IFFT-revealed dislocations and

orientation relationships at
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Fig. 6 Microstructure and strain analysis of semi-coherent interfaces at major phase interfaces: HRTEM images, magnified filtered HRTEM images,

misfit dislocations revealed by IFFT ,and GPA strain distributions at
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Fig.7 Monte Carlo + MACE simulation results: atomic structure and RDF analysis of different elemental pairs
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