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Table 1 Orthogonal Test of heat treatment test

Process No. 7/°C t/h v/°C-h!
1 500 1 30
2 500 2 60
3 500 4 90
4 500 6 120
5 540 1 60
6 540 2 30
7 540 4 120
8 540 6 90
9 580 1 90
10 580 2 120
11 580 4 30
12 580 6 60
13 620 1 120
14 620 2 90
15 620 4 60
16 620 6 30
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Fig.1 Boundary condition (a); binding of reference point and
plane (b); schematic diagram of material setting (c); mesh

generation (d)
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XEEAR Q345R. HHJE TA2 FE)Z Zr702 AT
HEBYEM B 2 H0E Lo RH W ER ) Cohesive 170K 4
RS Z Interface 7EKS 25 1L B B f ik, e i
K4 SN S5 #E N 4 F Traction-separation #E N o FE F- 4%
PR 2 1 AT TAENY, a2 L) Cohesive #7Y
ZHNER 2 Pion. £ 2 TS EERIG 150 85-4k-
NI B ARCEAT ) 2k ARG, AR R 28 B Ak 2 )i
I 85 R WIEE VIR N EE T o0 0w (owa) 93
5ok 325.50. 183.21 (183.21) MPa. Hifh-Ek-40E &
BB U150 W43 1) BY D) P RE N ) A A M2k, 455 W4k
PESR )R8 O 28, 1T HH S T2 TR I S R R I
H Geo MM B BR IR AR 7%, i€ 51l )2 1) BY
DIBiE G Al Gy, RS JE & 1) A, e Lo
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A Z ) SDEG #SITAR KT 0, R WIS HEARTT 4R
KA. = KT SDEG E{E i Seib 3 1 5 A BEKT T
FICEET IR . KRB, Tk T kSR 8 e
4, BB KEEHE, AN T
HBRIR, X ARG S e et B AR R A R R .
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Table 2 Parameters of cohesive zone model

(E/Kny)/MPa (G1/Kom)/MPa (Go/Ky)/MPa

o./MPa

on1/MPa on2/MPa Ge/N'-mm’™

4420 1700 1700 325.5

183.21 183.21 3.69

B2 A U F MBS 10 SDEG 2
Fig.2 SDEG cloud charts of material bond interface under different Us,: (a) 0, (b) 0.001, (¢) 0.0113, (d) 0.0142, (e) 0.0148, (f) 0.0159,
(g) 0.0186, and (h) 0.0246
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Fig.3 SDEG (a) and STATUS (b) change in interface damage

process
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300 ——— Simulation results
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Fig.4 Comparison of interface stress-displacement curves

between finite element and test

Dimples

Bl 5 R S5 BURE ST 1 SEM B3
Fig.5 Fracture SEM morphologies of bonding samples: (a) macro-

scopic fracture surface and (b) crest and trough
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Fig.6 Tafel polarization curve of Zr cladding in HCI solution

JE etk BEIAR T A EE MR SAKL B ORI ey, AR
INfIA) R K, o5 2 A7 M +0.35 V(SCE) K B4 % +0.29
V(SCE), &bt g T Bl i it
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h T RS S ) R RSO T X B, R R S
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Table 3 Corrosion current densities, corrosion voltages and
breakdown voltages of Zr cladding after different

heat treatments

log(corrosion Corrosion  Breakdown
Process No. current density/  voltage/ voltage/
A-em™) V(SCE) V(SCE)
R 5.0 0.41 +0.35
1 -4.8 -0.44 +0.33
2 -4.9 -0.45 +0.33
3 -4.6 -0.43 +0.32
4 -4.8 -0.41 +0.31
5 -4.6 -0.41 +0.31
6 -4.5 -0.40 +0.31
7 -5.5 -0.42 +0.32
8 -5.6 -0.42 +0.30
9 -4.7 -0.41 +0.30
10 -5.0 -0.39 +0.30
11 -5.1 -0.41 +0.31
12 -4.8 -0.44 +0.29
13 -4.6 -0.42 +0.30
14 -4.6 -0.43 +0.29
15 -4.8 -0.44 +0.29
16 -4.8 -0.45 +0.28

log(Current Density/A- cm”)
S o % U a hhr b

-1 I L L L L L L L
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Potential/V(vs. SCE)

7 RPKEFREEFE JZAE 1 mol/L HAc W T [ Tafel i £k
Fig.7 Tafel curve of zirconium coating in 1 mol/L HAc solution

(without heat treatment)
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Interface Damage Mechanism and Surface Corrosion Resistance of
Zirconium-Titanium-Steel Clad Plate

Zhang Bojun', Ye Cheng', Zhou Binbin®, Fang Xuefeng', Wen Yaohua', Zhou Changyu®
(1. Nanjing Boiler and Pressure Vessel Inspection Institute, Nanjing 210019, China)
(2. Nanjing Tech University, Nanjing 211816, China)

Abstract: The cohesive zone model was used to study the interface damage process of zirconium-titanium-steel clad plate in bonding test,
and the interface fracture mode was analyzed by SEM. The corrosion resistance of the surface under different heat treatment conditions
was studied by orthogonal test, and the effects of holding temperature, holding time and rise and fall rate of temperature were analyzed.
The results show that the interface damage starts from the inner wall and gradually develops to the whole interface under mode-I loading.
The whole interface belongs to brittle fracture, while the transition slope of wave crest and wave trough is mixed fracture. The results of
Tafel polarization curves show that the main corrosion mode of zirconium coating is spot corrosion in HCI solution and uniform corrosion
in HAC solution. After explosive welding, the corrosion resistance of zirconium composite plate is lower than that of pure zirconium
material, and worse corrosion-proof ability can be obtained under higher temperature and longer holding time.

Key words: zirconium clad plate; heat treatment; shearing strength; cohesive zone model; Tafel polarization curves
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