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Table 1 Chemical composition of 2195-T8 AL-L.i alloy (w/%)

Li Cu Mg Ag Zr

Fe

Si Ti Na H Al

1.00 4.02 0.40 0.41 0.11 0.16

0.03 0.068 0.0003  0.17 cm*100 g Bal.

F2 2195-T8REBESEMERNF LR
Table 2 Basic mechanical properties of 2195-T8 AL-L.i alloy

Mechanical property Value
Tensile strength, on/MPa 609.90
Yield strength, os/MPa 583.33
Elongation, 6/% 11.4
Elastic modulus, E/GPa 72.29

1R R

Fig.1 Size of immersion sample (mm)

K2 2mmsa

Fig.2 Immersion corrosion container: (a) shell and (b) lining
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Fig.3 BSE images of 2195-T8 Al-Li alloy
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4 2195-T8 #H#E &4 TEM 1%
Fig.4 TEM image of 2195-T8 Al-Li alloy
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Fig.5 Corrosion morphologies of the sample after soaking in
N,O,4 for 180 d
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Table 3 EDS analysis results of different positions in Fig.5b

Position Element Content, /%
(0] 8.36
1 Al 85.05
Cu 6.59
(0] 9.68
2 Al 84.70
Cu 5.62
500
—a—In air
450 - —e— Pre-corrosion in N,O,
400
€ 350t
2
g 300+
& 250
200+
150 +
100

10* 10° 10°
Number of Cycles to Failture

K6 TS NoOg H U Tt iR (K] S-N i 25

Fig.6  S-N curves of samples in air and pre-corroded in N2O4
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Fig.7 Fracture morphologies of the samples in two environments: (a, e, g, i, k) in air; (b, c, f, h, j, 1) in N2Og; (d) EDS analysis result of

the circle marked in Fig.7c
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Fig.8 Schematic diagrams of the development process of the blocked area: (a) oxidation film ruptures to form corrosion holes; (b) the

concentration of metal cations in the occlusion zone increases; (c) anions enter, and the metal cations are hydrolyzed, and the pH

drops sharply; (d) H* precipitates to accelerate corrosion



« 3464 WA SRR TR

%5 51 45

@
()

TRHEG M EE
TRRLUR T 5SSO, 5ROy R T
B, R P R ) — e g,
2 4 R I o R TR T A2 30 55 9% 595 W SCTAT I 85 DR A i
Tk . M EiRseiGas B (& 790 A, 78R JE ik
FEWT R BT 3 BT 9 LU kR, HoREE
WL 9 kL Al H BT SSRGS 0% 57 R8N STk
W G R B M IR LUR AT HER I R . W JE R
T EHGAY R F RS KGR, HRE R
TR TEORMI ), R T IHFERALRE, DL N
IBIEAR T, FERG A3, B RV T &
BT 97 AU IR, N — B T2 RREAL T 2
SUMY RE R, KT A &R A4 a0, e S
TS R RE S TE R AR S, 0 UE B T TR Tl et X
e T —m i e, BAK T S&rRpUmtEse, Xt
RS DL RGE M RR T — B R
TEPEH M IER T, &8N A% E A
Wrsgin. AEAER, B FAL, TR K S
WA WERUE I E, RN AT RS, R R
SNy E, RATEREREET (PSB), Ml —uk
UREEGCI i AEBT h  56  iak HI) de RKA FA R A
/NT2195-T8 FEEEA SN E R, & SfEiE®
TERTE I Py, R R0 DX I ) ok 2 R AR B AR
FECPSB 7 A, WoREE 9 ISR By CHiR.
AN [ b RL I it 5 5 R /N 22 BHAG PSB [RITE s A%, I
LB Tiv 7)) R B R OK R B 2 /N A B
T R, I BLAE SRR T AT e,
I e — R RLAEY R — e MBE B i, =1k,

Mo crmcke ~— ,
propagation / — N

L TT171 \* Secondary crack /
direction / — - .
/ . \ \ ’
Gram A — \I
X
¥ \
Fatigue striation \\

Stress concentration
area formed by PSB

Ko —RkRAy RrEE

Fig.9 Schematic diagram of secondary crack growth

4 # i

1) £ N,O, &5 it 180 d J5 1) 2198-T8 FH4E &
SR 57 75 i 5 AR R AR AR LR R, R
2 FhIREL T B9 57 R BR 43 79 9 145, 118 MPa, HfE#
77 FEAR ELE 20 18.62%

2) T kA3 403 o A R 57 R P R ) 2 B 0% 5T
Ko e E A B R A A . RS, BT
TER “HZEX 7, B 5% 8RR i, & —
RIS AR, & SOV ORER I H I 2 e i, TRk
ZIRR GO A RHE,  FRARAM B 9% 57 2 dr . TR Ik
Je AR RS A Ab 1) Si 7 B R kR, 57
U3 B i Ak A

3) A PR T 3 R B B K AR A,
FEAE T 59857 SO I B IR RN, R 2 Fp
BTN, AHAR &KLY 5 % B A RGO VE R
TER PSB, 53— 6 78 1 K L S I 4 /N i RS R )
TR A .

4) RFEAE 2 FhAS R PR BT 1R 9 57 Ik B X ) B 11
TESRAREL, XA AR A T MR, 20 A
RT3 it 70 3 0 B9 1 W 2R PR AR A

S 3k

[1] Li Zhonglin(Z= & #k), Luo Binghe(® % fi1). Journal of
Propulsion Technology (3t £ A )[J], 1993, 14(1): 78

[2] Dursun T, Soutis C. Materials & Design[J], 2014, 56: 862

[3] Kaushik Y. Journal of Materials Science[J], 2015, 3(3): 33

[4] Wang X H, Wang J H, Yue X et al. Materials & Design[J],
2015, 67: 596

References

[5] Alexopoulos N D, Migklis E, Stylianos A et al. International
Journal of Fatigue[J], 2013, 56(11): 95

[6] Goma F, Larouche D, Bois-Brochu A et al. International
Journal of Fatigue[J], 2014, 59(2): 244

[7] Chen Yuanyuan([%[& [&), Zheng Zigiao(¥ 7 #E), Cai Biao(3%
) et al. Rare Metal Materials and Engineering(%i & 4844
5 THE)[I], 2011, 40(11): 1926

[8] Zhong Jing(% %), Jia Min(8{ #), Fan Chunping(Ji % F) et
al. Rare Metal Materials and Engineering(#i 65 & @Mkl 5
TFE)[J], 2014, 43(8): 1944

[9] Fan Xuesong(7i 5 #4), Zheng Zigiao(#8 T #), Zhang Long(5k
J) et al. Rare Metal Materials and Engineering(¥i 5 4 J& £
5 THE)[J], 2017, 46(5): 1327

[10] Li Jinfeng(Z=#hJA), Ning Hong(* 4I), Liu Danyang(Xl++

FH) et al. The Chinese Journal of Nonferrous Metals (7 &4

4 8 2 3R)[J], 2021, 31(2): 258



%93

G0 &5 Fu-RE T 2195-T8 FRAHE S 7E NoOy H B TR 1 55 1T 58

© 3465 -

[11] LiuD Y, Li J F, Lin Y C et al. Acta Metallurgica Sinica[J],
2020, 33(9): 1201

[12] Guo Yi(¥5 —), Huang Zhiyong(# % 5), Jin Guofeng(4: &
#) et al. Applied Chemical Industry( 4L T)[J], 2021,
50(1): 56

[13] Lv K, Zhu C, Zheng J et al. Journal of Materials Research[J],
2019, 34(20): 3535

[14] Li J F, Liu DY, Ning H et al. Materials Characterization[J],
2018, 137: 180

[15] Zhang X X, Zhou X R, Hashimoto T et al. Corrosion Science[J],
2018, 132: 1

[16] Huang J L, Li J F, Liu D Y et al. Corrosion Science[J], 2018,
45(2): 215

[17] Yao Weixing(%k T2 &). Fatigue Life Estimation of Structures
(&5 ¥99% 55 75 4 73 1) [M]. Beijing: Science Press, 2019: 44

[18] Xu Luopeng(¥F %' 3), Cao Xiaojian(& /INek), Li Jiukai(Z= A
%) et al. Rare Metal Materials and Engineering (¥ & 4 J& #4
#5 THRE)[J], 2017, 46(1): 83

[19] Wang Chiquan(F4X), Xiong Junjiang(FEIRYT). Engineering
Mechanics( T F£ 715)[J], 2017, 34(11): 225

[20] zhang C, Yao W X, Yu J H. Transactions of Nanjing

University of Aeronautics & Astronautics[J], 2011, 28(4):
331

[21] Zhou Song(J& #2), Xie Liyang(i§f B BH), Hui Li([El FF) et al.
Journal of Northeastern University, Natural Science(Z: 1tk
AR, BB, 2016, 37(7): 969

[22] Cui Yuexian(#%7%%), Wang Changli(E+#1). Metal Fracture
Analysis( 4> J& 7 O 43 #r)[M]. Harbin: Harbin Institute of
Technology Press, 1998: 40

[23] Zhong Qunpeng (¥ #£M5), Zhao Zihua(i® 1 #£). Fractures(
[ 2£)[M]. Beijing: Higher Education Press, 2006: 270

[24] Zuo Jingyi(Zc 5= 4F). Stress Corrosion Cracking ([ 77 J& Tt i
ZH[M]. Xi’an: Xi’an Jiaotong University Press, 1985: 31

[25] She Lingjuan(£x¥48), Zheng Zigiao(#51-#E), Zhong Shen
(Bh ) et al. Rare Metal Materials and Engineering (% & 4=
JEH RS R[], 2012, 41(7): 1201

[26] Hui Li(I7l TF), Zhao Yongsheng(i&X 7k A=), Zhou Song (& #4)
et al. Rare Metal Materials and Engineering (¥4 4 J&#1 %t
5T HE)[J], 2020, 49(8): 2706

[27] Zhong Shen(%h H1), Zheng Zigiao(#fF#E), Zhong Liping
(#hF3) et al. The Chinese Journal of Nonferrous Metals(*
I 4 8 %4R)[3], 2012, 22(10): 2734

Pre-corrosion Fatigue Performance of 2195-T8 Al-Li Alloy in N,O, under
Tension-Tension Load

Guo Yi?', Chang Xinlong?', Tian Gan*, Liu Dejun®, Pang Chuang®, Wu Wei?
(1. Rocket Force University of Engineering, Xi’an 710025, China)
(2. Engineering Quality Supervision Center of the Logistics Support Department of the Military Commission, Beijing 100142, China)

Abstract: In the state of long-term filling and storage of liquid missiles, the body and tank structure are often damaged by corrosion,
which leads to fatigue cracks and even fractures. The fatigue crack initiation, propagation and fracture mechanism of 2195-T8
aluminum-lithium alloy pre-corroded in N,O, for 180 d were studied by fatigue life testing, scanning electron microscopy and energy
spectrum analysis, and compared with uncorroded samples. The results show that the fatigue limits of the specimens tested in the two
environments are 145 and 118 MPa, and the cyclic stress reduction ratio is about 18.62%. During the pre-corrosion process, the sample
forms an “occlusion zone” and forms a galvanic cell with the copper-rich phase particles at the same time, which further accelerates the
corrosion process and forms the characteristics of multi-source crack initiation, and it is easier to crack from the non-metallic inclusion
area. Affected by factors such as dislocation and accumulation between grains, it is found that it is perpendicular to the fatigue striations,
passing through large grains, and passing through small-angle grain boundaries. The fracture morphology of the fatigue transient fracture
zone in the two environments shows the characteristics of typical along-crystalline dimples and ductile fracture.

Key words: 2195-T8 aluminum-lithium alloy; pre-corrosion damage; fatigue life; fracture analysis; secondary crack
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