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Galvanic Corrosion of 7B04 Aluminium Alloy Plate-TC16 Titanium Alloy
Rivet Lap Joint in Simulated Marine Atmospheric Environment

YANG Xiang-ning*, FAN Wei-jie?, ZHANG Yong?, SONG Yu-hang?,
GUAN Yu!, ZHANG Tai-feng?, YANG Wen-fei?

(1. Shenyang Aircraft Design Institute, China Aviation Industry Group Co., Ltd., Shenyang 110031, China;
2. Qingdao Campus, Naval Aviation University, Shandong Qingdao 266041, China)

ABSTRACT: This paper aims to strengthen the knowledge of galvanic corrosion between 7B04 aluminium alloy and TC16
titanium and provide guidance on corrosion protection for aircraft in service under specific marine atmospheric environment.
The 10-cycle accelerated corrosion test of 7B04 Aluminium-7B04 aluminium lap joints riveted with titanium alloy rivets and
polarization test pieces were carried out in simulated marine atmospheric environment. Polarization curves of two alloys after 0
cycle and 10 cycles were measured by PARSTAT 4000 electrochemical workstation. Its results were used as boundary
conditions for COMSOL numerical simulation to contrast with test results. Fatigue life of lap joints after 4, 6, 8 and 10 cycles of
accelerated corrosion test were obtained by fatigue test. Observation of corrosion morphology and measurement of corrosion pit
depth near fatigue fracture were got by using optical microscope. Using XRD to analysis corrosion products of aluminium alloy
so as to reveal whether the corrosion mechanism has changed. Through a variety of characterization test results, the galvanic
corrosion between 7B04 aluminum alloy and TC16 Titanium alloy is explained from different angles. Coupled with the
comparative analysis with the numerical simulation results, the reliability and accuracy of the test results are ensured. After 0
cycles and 10 cycles of the accelerated corrosion test, the self-corrosion potential and self-corrosion current density of
aluminium alloy are —802 mV and —872 mV, 2.357x10 A/em® and 1.477x10 ¢ A/em?, respectively, while those of titanium
alloy are respectively —313 mV and —274 mV, 1.638x10°® A/cm?” and 4.144x10°® A/cm®. The location of the fatigue fracture is
consistent with the most severely corroded area and the largest potential difference in numerical simulation. With the extension
of the corrosion cycle, the corrosion becomes more and more serious, and the depth of the corrosion pit gradually increases.
Galvanic corrosion occurs between the two alloys. 7B04 aluminium alloy corrodes as the anode, and with the extension of the
corrosion cycle, the corrosion potential is negatively shifted, and the corrosion rate increases; TC16 titanium alloy is used as the
cathode, and the corrosion potential is positively shifted with the extension of the corrosion cycle. XRD spectrums show that the
main components of aluminium alloy corrosion products are AI(OH);, Al,O3; XRD results show that the corrosion mechanism
of 7B04 aluminum alloy in 0-10 cycle has not changed, and with the progress of corrosion, a large number of corrosion products
wrap the aluminum alloy surface, resulting in the slow growth rate of corrosion pit depth, indicating that the uniform corrosion
layer on the surface has a certain protective function, which will reduce the pitting corrosion sensitivity of the aluminum alloy
surface. The numerical simulation results are consistent with the experimental results. Through the comprehensive analysis of
corrosion morphology and numerical simulation results, the action range of galvanic corrosion is found out. In addition to the
internal corrosion of the screw hole, the maximum range is about a circular area 2 mm larger than the radius of the screw hole.
Aircraft new structure design and old structure maintenance should focus on rivets around to avoid fatigue failure.

KEY WORDS: aluminium alloy; titanium alloy; galvanic corrosion; simulation; polarization curve; XRD; fatigue
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Fig.1 Accelerated corrosion lap joint

v

7B04 TC16
[ |
[ |

7B04
a BEITHEALH

b YIETA R
B2 5

Fig.2 Lap joint composition: a) overall
structure of lap joint; b) rivet composition
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Tab.1 7B04 aluminium alloy composition content table
wt.%
Cu Mg Mn Zn Si Fe Ti Ca Al
3.8-43 1.7-2.3 0.4-0.9 <0.1 <0.2 <0.3 <0.1 <0.1 Bal.
*2 TCI6SKEE&HS
Tab.2 TC16 titanium alloy composition content table
wt.%
Al \% Fe (0] C N H Ti
5.5-6.8 3.5-4.5 <0.3 <0.2 <0.1 <0.05 <0.015 Bal.
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Fig.5 Polarization curves of two alloys after 0 cycle and 10 cycles: a) 7B04 polarization
curve after 0 and 10 cycles; b) TC16 polarization curve after 0 and 10 cycles
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Tab.3 Electrochemical parameters of two alloys

Material Cycle Bx/mV  Bco/mV  I/(A-cm™)  Ey/V
7804 0 15525 —359.87 2.356 8x1077 —0.802 04
10 62474 —124.61 1.477 1x107° —0.872 35
TCl6 106.36  —111.95 1.637 5x10°® —0.313 22
10 148.07 —138.84 4.143 7x10°® —0.274 62
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Fig.6 Corrosion macro morphology of lap joint: a) 0 cycle; b) 5 cycles; ¢) 10 cycles
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Fig.7 Corrosion microscopic morphology of riveting joint: a) overall microscopic morphology of 0 cycle;

b) microscopic morphology of riveting joint of 0 cycle; ¢) local microscopic morphology of 0 cycle; d) overall
microscopic morphology of 5 cycles; e) microscopic morphology of riveting joint of 5 cycles (before cleaning);
f) local microscopic morphology of 5 cycles (after cleaning); g) overall microscopic morphology of 10 cycles;
h) microscopic morphology of riveting joint of 10 cycles (before cleaning);

i) local microscopic morphology of 10 cycles (after cleaning)
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Average corrosion depth/um

Ko rh—E R REAS s AN ) A R
ThRREE, SRR, BEE MR, S TR
JEZ WG R, XS U I ok I TR P M R BN, B
AR A PEAT , O ARI K, 1R SO B
NEE TR RER [ ZE AL A th 2R BN S 1Y, 2%
18 IR — P R — PR PR E I o RS 8 A2
J5 B A B R P AU R R, T B4 e )
G AR E —E MR ERN, R IyTIR R  2E

X4 6. 8. 10 WIS MRS AT BT 07 A
BRI 8 A, il B RIF I 7E 4R E

0 1 1
! ® Corrosion eycle - 10 BT3RS T AT 95% EARE | 95% I 4 HE i) o (00 5
o FFAT Nosjos LR UK 4 Jron, 1—8 Ay [al— MBI T
Fig.9 Average corrosion pit depth R o
R4 EBUEEES
Tab.4 Median fatigue life of lap joints
Number of lap joints
Cycle Nosyos
1 2 3 4 5 6 7 8

4 2781683 2928491 339 008 798 278 734 151 867 693 376 933 512405 699 532

998 553 1556 121 450 681 1260048 1184095 394 660 807 544 679 034 444 542

1390 682 625345 1066487 1280301 408 847 1206 894 948 447 1442728 344 958

10 1393416 378 427 1849 004 469 466 1470465 1698 704 467 566 575343 242903
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Fig.11 Corrosion potential prediction: a) lap joint; b) riveting joint
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