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Fig.1 Schematic diagram of ECDAP process
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Table 1 Chemical composition of N36 zirconium alloy (wt%)

Sn Nb Fe Zr

1.0 1.0 0.3 Bal.

Tensile
specimen
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2 ECDAP L ZJa i 7 WL B 5 R X s i
Fig.2 Macroscopic view of the specimen after the ECDAP process (a)

and schematic diagram of the sampling area (b)
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Fig.3 Original microstructure of N36 zirconium alloy
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Fig.4 Microstructures of N36 zirconium alloy after aging for different time: (a, d) initial state, (b, ¢) 4 h, and (c, f) 8 h
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Fig.5 Grain size distributions of N36 zirconium alloy after aging for different time: (a) initial state, (b) 4 h, and (c) 8 h

Bl6 N36 % 5 2% 8 h S UiiE Al TEM (R
Fig.6 TEM images of precipitated phases of N36 zirconium alloy after aging for 8 h: (a) overall topography; (b) localized magnification image

2 [E6HHrIC XA EDS 5 73 434
Table 2 EDS analysis results of regions marked in Fig.6a (wt%)

Precipitated phase Zr Fe Nb
SPPs-A 70.30 13.00 16.60
SPPs-B 63.62 11.38 24.95

SR AR AR 77, R G188 1 B8 = 43 3% (1) TEM BEHE LAR N
T f#(Zr,Nb),Fe JUIE A 5 o-Zr FEAAR R] ) S MG DT RC 2 . 4
Ta Ji 7R » (Zt,Nb),Fe 5 a-Zr H i VL HE 9 (222) g e/
(1212), . [FIBT7E ST AL WS 3] T B8 249 4 A 51 1B BE 1 )2
B3R e (222) g re 5 (1212),,, O TH 16D i ¢ 6] B2 22 00 B
439104 0.4292 55 0.2772 nm, 34 25 d A TR FE R, R W
A BA B m AR e M, X 807E 52 BN
(Zt,Nb),Fe JLIE M 5 a-Zr B0k FL1H 5 5 r= A Az 5l , X
A RE S ] Ta H R DX A 1 S A

TE£ ECDAP J5 , i Fr 440 S i AL R T R &AL
B RN BT, G SR80S R (Ze Nb), Fe LTE AH

IR St 1 SR aR RSN 77, [N 58 1 (Zr,Nb),Fe I i€
A5 o-Zr FE A ) 22 B DI 72 A SR T 1 A BF 9 A
DN T B T At ek PR P A A el T R AR B A
TER AL 5 R 72507, 24 i e AR 1 7= AR I,
Wi A% e B e /NG 5 S A6 ST AL B R 5 R AR AL RS R E
R IR IR L, KR EEFE., BT7a57d%, 2
i 5 2 HA7 T(Ze,Nb),Fe PTTE AH — Mt Ay i o0t s 2 1
TR . AR SR I A R B R AR AE(Z)ND)
JFe JUHEAH— /2 B T (Zr,Nb),Fe MU J5 fee 4544, AR T
INTT o-Zr FEAR , AR RE T iy, BE G AR AR T vh 7 AR A i 1)
HEE ASE 2
3.3 MEFEEEIE

M AE AR DTTE A 5 B B S R i ) &2 0 B
BEAE A, B AR R R Z, 78 S s B fE i S
T FSCBE PR HME B2 50K, I 2 o WL UE AR RORE PR A R A 7=
A, R, £ T EET 1 5(Zr,Nb),Fe 55 o-Zr JHHI Ak
I T3 FE 2+ L L

(Zr,Nb),Fe Y5 a-Zr 1] pi B S 53 5 O Fd3m 5
P6,/mmc, (Zr,Nb),Fe JTIE 4 fee 4544, Zr A Nb Ji 547
T A% T A, Fe J5 747 T 0P a-Zr Z24R 4 hep 4514



RS RTINS AUAL B N3 6 B < FEAR/UTUE AR S 1 AH ELAE BT

* 1779

., Stacking
_fault

(Zr,Nb),Fe

000 ® 00\

Lattice
distortion

o-Zr

7 (ZuNb),Fe Fla-Zr Ity FTH 5 K DE I
Fig.7 Interface and lattice matching between (Zr,Nb),Fe and a-Zr: (a) interface; (b—c) atom arrangement of (Zr,Nb),Fe and a-Zr; (d) crystal plane;

(e) lattice matching diagram
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Table 3 Calculated parameters for a-Zr/(Zr,Nb),Fe interface

Phase  Bondtype 1, Di n, >n, p
n,, 8 3.18  0.3023
a-Zr 2.4336 0.0881
ny, 4 453 00038
n, 8 258 04068
(Zr,Nb),Fe 54104 0.2352

8 2.58 0.2695
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Fig.8 Models for the inhibition effect of dislocation motion at the interface of a-Zr and (Zr,Nb),Fe: (a) gliding process and (b) climbing process
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Fig.9 Tensile strength and volume fraction of precipitated phase of

N36 zirconium alloy after aging for different time
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Matrix/Precipitated Phase Interface Interaction of Deformation Age-Treated
N36 Zirconium Alloy

Xue Kemin, Liu Yecheng, Wang Jiawei, Liu Yuan, Zhao Jiajie, Zhang Ao, Li Ping
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: N36 zirconium alloy specimens were prepared by the severe plastic deformation process of equal channel dual angle pressing
(ECDAP), followed by annealing and aging treatment. The initial microstructure was observed by OM. The types and morphological
characteristics of the precipitated phases were analyzed by SEM and TEM. The bonding mechanism at the interface between the a-Zr matrix and
the (Zr,Nb),Fe precipitated phase after aging treatment was analyzed by combining the difference of valence electron density and the tensile
strength. The influence of the precipitation behavior of the (Zr,Nb),Fe on the microstructure and properties of N36 zirconium alloy prepared by the
ECDAP process was investigated. The results indicate that the ECDAP process can significantly refine the grain and promote the uniform
distribution of the precipitated phase in N36 zirconium alloy, which mainly consists of Zr(Nb,Fe), and (Zr,Nb),Fe with a large number of internal
striated dislocations. The difference of valence electron density at the interface between the a-Zr matrix and the (Zr,Nb),Fe precipitated phase is
91.02%, and the lattice mismatch leads to increased resistance and instability of interfacial dislocation motion, which can generate susceptibility to
relative motion and laminar dislocation initiation. Interfacial dislocations can induce matrix dislocation shifts to meet deformation demands. The
increment in tensile strength after aging for 4 and 8 h reaches 2.14% and 10.36%, respectively, which is due to the increase in the reinforcement of
the precipitated phase resulting from the strong electronic discontinuity between the precipitated phase and the matrix.

Key words: severe plastic deformation; equal channel dual angle pressing (ECDAP); aging treatment; precipitated phase; difference of valence

electron density
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