7£ 3. 5%NaCl i3 E T Tis0 &N IfE M
1T 92200
T KB F4E 1BEE T SREATHER T kRS

1 JEFHEL TR S MRS 5 TR 2B 7R 110159
2 HEEA B e B T VBB 110016

3. SRABIEIKITINE (WOL) WFE R T 0.1~15MPa J5 /1 F Ti80 & 4:7E 3.5%NaCl ¥l IR /8 (SCO) 47
N, BT TR SCC HFRITHIE (Kisco) MWIRNLIRFsEm . 45K W], 7£ 0.1~10MPa [E/J{EE A, Ti80 &&7E
3.5% NaCl R ] Kisce /1T 50.36~53.51 MParm!? Z [i]; 24K 37+ % 15 MPa i, Kisce “FHIME T %2 47.79 MPa'm'?,
SCC UM IG5 . W 1 T IR 7 ST X . SCC R X AMZX AR, Hh SCC IR X ZHUMRE 2 LIS, I
RIS R AR, BB E s et g8 . EBSD Aririst— R 8, Ry R LUE MRy F, FBE R b g ik
H5OBONE: @R T RARBEIEX H/), RHRASSE N, R T AR R IE (HELP) HUHIiEfL. 25k, Tiso
B 41E 3.5% NaCl Vi h i SCC g TRV S-S BUF 2 ME AN, #okE B R ClgE KA R EE, 12
s T MEHE SCC gkt .

KB TiB0 & WK RMEWMITER: Rl

SRS, TG174.3 YRR IREG: A

EENWIH : P ERFREEQHICHESTIE (2022188), T TEMNFE TS (20241H3/10200020)

Effect of Pressure Variation on Stress Corrosion Behavior of Ti80 Alloy in 3.5% NaCl

Solution

Jia Mengyao' Zhang Weiqiang' Wang Yuan? Tan Jibo? Qiu Jianke? Hao Yantian' Wu Qingiang
1 School of School of Materials Science and Engineering, Shenyang Ligong University, Shenyang, 1101592
2 Institute of Metals, Chinese Academy of Sciences,Shenyang ,110016

Correspondent:Tan Jibo,Tel:15840468197;E-mail:jbtan10s@imr.ac.cn
Manuscript received:2025-11-4, in revised form:2025-11-25

Abstract: The stress corrosion cracking (SCC) behavior of Ti80 alloy in a 3.5% NaCl solution under pressures
ranging from 0.1 to 15 MPa was systematically investigated using wedge-opening loading (WOL) specimens, with
emphasis on analyzing the influence of pressure on the SCC threshold (Kiscc) and fracture mechanism. The results
indicate that within the pressure range of 0.1 - 10 MPa, the Kiscc values of Ti80 alloy in the 3.5% NaCl solution
ranged between 50.36 and 53.51 MPa-m'?. When the pressure increased to 15 MPa, the average Kiscc value

decreased to 47.79 MPa-m'?, indicating the SCC susceptibility was enhanced. The fracture surfaces primarily



consisted of a fatigue pre-cracked zone, SCC propagation zone, and tearing zone. The SCC zone exhibited a rough
and porous morphology, characterized by typical quasi-cleavage fracture combined with local dissolution features,
and the brittle characteristics intensified with increasing pressure. Electron backscatter diffraction (EBSD) analysis
further revealed that crack propagation was predominantly transgranular, accompanied by local intergranular
corrosion and branching phenomena. Under high pressure, the plastic zone at the crack tip was reduced, and local
strain concentration became significant, indicating the activation of the hydrogen-enhanced localized
plasticity(HELP) mechanism. Comprehensively, the SCC of Ti80 alloy in the 3.5% NaCl solution follows a
combined mechanism of “anodic dissolution” and “hydrogen-induced cracking.” Hydrostatic pressure significantly
increases the SCC susceptibility of the material by promoting Cl- penetration and accelerating hydrogen
accumulation.
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Fig.2 WOL specimen: (a) geometry schematic; (b) photograph of as-machined specimen
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Fig.3 Crack growth length and growth rate vs. time for Ti80 alloy under different pressures

(a) Crack growth length as a function of time. (b) Crack growth rate as a function of time.
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Tab.2 Calculation of crack length and Kiscc value of Ti80

Sample Pressure/MPa Crack B/mm E/Gpa A P/kN  BEV/P a/W Kisce
No. Length/m V/mm /MPa-m®?
80-8 0.1 0.029805 26 118 0.659 392  44.565 0.45 53.51
80-2 5 0.031279 26 118 0.665 33.8 60.36154 0.472 48.5943
80-4 5 0.027931 26 118 0.665 40.7 49.37445 0.421  52.12503
80-3 10 0.026853 26 118 0.675 44.8 46.22545 0.405  55.33806
80-5 10 0.026817 26 118 0.636 423 46.12879 0.404  52.18718
80-6 15 0.027876 26 118 0.601 37.6 49.03904 0.420  48.06568
80-7 15 0.034036 26 118 0.693 29.8 71.34644 0513 47.51976

(FE:B-IFERE, mm; E-FPRIASEPERIR, Gpa; AV-REUIHKIFR, mm; P-Hifnzir, kN; BEV/P-2¢

JEs5 aiw-IH—WREH L Kisce- W B HOT 2L T, MPam'?)

(Note: B-Specimen thickness, mm; E-Elastic modulus, GPa; AV-Crack mouth opening displacement, mm; P-

Applied load, kN; BEV/P-Compliance; a/W-Normalized crack length; Kiscc-Threshold stress intensity factor for

stress corrosion cracking, MPa-m'?)
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Fig. 4 Variation of Kiscc with pressure
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Fig.5 Macroscopic fracture morphologies of Ti80 alloy after constant displacement tests under different

pressures (a) 0.1 MPa (b) 5 MPa (¢) 10 MPa (d) 15 MPa
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Fig.6 SEM morphologies of the SCC fracture surface of Ti80 specimen in NaCl solution under different
pressures
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Fig.7 The EBSD results of crack propagation path of Ti-80 alloy in 3.5% NaCl solution (a;—as: 0.1 MPa; by—bs: 15
MPa. a1, b1: Crack morphology. az, b2: KAM map. as, bs: Magnified crack tip. as, bs: GB map. as, bs: Magnified
KAM at crack tip. Scale bars: 200 um (a1, az, b1, b2) and 80 pm (a3, as, bs, bs).
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