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ABSTRACT: The work aims to assess the corrosion protection effectiveness of thin (less than 15 pm) Al coatings on Ti/Al
dissimilar metal connection components and explore their synergistic protection mechanisms, so as to support the design and
preparation of high-performance thin Al coatings, and promote their applications in harsh environments such as galvanic
corrosion and crevice corrosion. A thin Al coating with uniform film thickness and long-term corrosion resistance was prepared
by optimizing the design of pigments and fillers and improving the spraying process. The results showed that after a 928 h of 5%
neutral salt spray test, bubbles covered a small area of the surface of the (4-6 um) Al coating, and no obvious bubbling, rusting,
discoloration were found on the surface of the (12-15 um) Al coating. To study the effects of different protective coatings on the
contact corrosion behavior of TC4 Ti alloy and LC52 Al alloy, different TC4/LC52 connection test pieces were assembled by
applying the different protective coatings on TC4 and LC52 test plates with M8 bolts. Two kinds of TC4 samples were prepared,
one with no surface treatment and the other with Al coating (12-15 pm). Two types of LC52 samples were also prepared, one
with hard anodizing (30-35 um) + boiling water sealing, and the other with hard anodizing (12-15 um) + Al coating (12-15 pum).
The corrosion situations of different combinations of connection samples were assessed and compared by the neutral salt spray
test. The microstructure changes of the samples before and after the test were analyzed with SEM, and the corrosion resistance
of the coatings was characterized with electrochemical impedance spectroscopy (EIS). The results showed that for the untreated
TC4/LC52 hard anodized connection components, the contact surface of Al alloy suffered the most severe corrosion, with a
large amount of white corrosion products and coating peeling off. After the TC4 alloy was coated with Al, the galvanic current
of the component decreased by an order of magnitude compared to that of the uncoated component, effectively suppressing the
galvanic corrosion induced by the positive potential of the TC4 alloy, whereas small-scale coating peeling off could still be
observed. By applying the Al coating on the hard anodized surface of LC52, peeling of the anodized coating from the contact
surface was effectively suppressed, with the white corrosion products decreased from 50% to 5%. By applying Al coating to
both contact surfaces of the connecting components (TC4+Al coating/LC52 hard anodized+Al coating), no corrosion product
was observed, and only discoloration occurred on the Al coating. The SEM analysis showed that only pitting corrosion occurred
on the surface of the Al coating, and oxides and Al salts were formed. The EIS analysis indicated that the low-frequency
impedance modulus of anodized and Al-coated LC52 was 3 orders of magnitude higher than that of the uncoated component,
demonstrating its good dielectric shielding performance. Lastly, Ti alloy did not exhibit corrosion in all connection structures,
and the hard anodizing treatment of the Al alloy had little effect on the corrosion protection of the Ti plate and the Al alloy,
probably because the hard anodizing film of Al alloy was not dense enough to effectively prevent galvanic corrosion of the
Ti/Al connection structure. The Al coating can effectively improve Ti/Al contact corrosion resistance while meeting the
assembly accuracy, based on the synergistic effects of Al powder electrochemical activity, the maze effect of sheet-like
structure, and the enhanced dense barrier after oxidation.
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structure design of aluminum coating
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Tab.1 Surface treatment and connection of different test samples

Sample Surface treatment process
A-1 35 steel Phosphating + thin aluminum coating (4-6 pm)
A-2 35 steel Phosphating + thin aluminum coating (12-15 pum)
B.1 TC4 Untreated
LC52 Hard anodizing and sealing (30-35 um)
B2 TC4 untreated
LC52 Hard anodizing (30-35 pm)+ thin aluminum coating (12-15 pm)
WL-1 TC4 Thin aluminum coating (12-15 pm)
LC52 Hard anodizing and sealing (30-35 pum)
WL TC4 Thin aluminum coating (12-15 pm)

LC52 Hard anodizing (30-35 pm)+ thin aluminum coating (12-15 pm)
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Fig.3 Metallographic diagram of thin aluminium coating with different thicknesses: a) sample A-1; b) sample A-2

a FEiHA-1

& 4

Yb ALY Seb

b HEHA-2

ARREREFHEBIZS 928 h 5% PEEE 856 5 19 4 IE 51 &

Fig.4 Appearance morphology of aluminum coatings with different thicknesses after
928 h 5% neutral salt spray test: a) sample A-1; b) sample A-2
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Tab.2 Corrosion weight loss of aluminum coatings of two different thicknesses after 928 h salt spray test

Sample Original weight/g Weight after cleaned/g Weight loss/g Average corrosion rate/ (mg-h™")
A-1 119.656 8 119.584 7 0.072'1 0.0777
A-2 112.046 3 111.988 0 0.058 3 0.062 8




- 156 - *z m B R

2025 4F- 5

BWIEIEMEE AT, 458 A-1. A2 IR E IR 45 R |

i P4 KBSl R T 12~15 pm FOARI4 2 B

F =2 000 h it PRSI A TERE, AR SCF 2

PEBEXT 12~15 pum FRIRJZAIBE TCA/LCS52 42 fi Jig b v

REIEAT AT 5T o

2.2 $REEX TC4/LC52 BEBEMITAK
=AU

i WL-2 # TC4 FILCS52 ¥R T #5524 K,
WA AR e, B S S 1 TC4/LCS2 AN[E T
LA ) 245 A rL A S ok E 0 B ) AR b ) e 3
M 5 B[, B-1, B-2 5 WL-1 388 T 2404 W
L R U (L, 4 2 0324 0 027 AN
0.022 pA/em®, H B-1 AJ%1, TC4 fil LCS2 HA7 5k
H L i s B-2 TERIRZRE THRE4S LCS2
FMT, TC4 MR H AR 540782 09 /N 4316 M 40 foks
PET, PR (R o L R /0N 5 T E WL-1 3R
BIRZBE TGS TC4, BRZE5BA4 LC2 H
AR B S SR S il 5 1o a2 B R %
1 A8,

2.3 $RREX TC4/LC52 HhEIRFIXIGH
Rt S 11T A B9 M

#3JEB-1. B-2, WL-1, WL-2 &4 1 440 h
YRS RIS LA A A 2 A, JH 6~9 3K 3
MR A I A TR A B Tl A AR L . TR 3 IR ER 45
WRE 6~7 TTLAEH, B-1ikFEA B-2 iR 9 285
288 h. 576 h RS IR 5 , AR/ FEAR 3 b 457 T
B R BLG, IRl G R 38 0, =
Wz, M3 3RS R LK 8~9 T LIEH, WL-1 ik
2ot 288 h hPEER S I 5, Bob AR s O
261 440 h iR, Bl AL B IR U TR 4

WL-2 {25 288 h PR 5550, Bkt . R )
ARG, Bl 0 A R g, AR e T ARG R
DB ok o DS P 2 fi S A6 00 ok g B ) R
EREEE, 4 P 0r b3 v ae A m BRI &
WL-2>WL-1> B-2>B-1, i% 45 5 5 W 8 o 30 o0 #7145 51
HA .

B 10 4& B-1. B-2 kA4 1 440 h rp iR 5505
Je B R A B S L . AR 10 ATRLE H, B-1 3K
FEYRIT I B il T 38 %3 Y2 (2 )i ol ™= ) T PR 5,
ERAR I fb T 90% €0 J55 okt 7=y S SR BEFE i 7% 5 B-2 ik
FEVR I Jo BRARCEZ A T 70%03 45 it ( 2145 23 e i A
B K EEE Y ) o R S B, fR AR
fil T 48% 1k, 30% [ (4 J& 1oh = ) S BRBE . 43l X
B-1.B-2 A TC4 il 1 il BE T W%, L 81 B-1.,
B-2 iFE  TC4 MR FR 113 63, BeA T8 il g 7=
A, R 2 HEE R EE LCS2 W= A T
ML

0.10

Untreated TC4/LC52+hard anodizing+sealing (B-1) 0.34
0.09
0.08 I 0.32
0.07 | 40.30
o Untreated TC4/LC52+hard anodizing+aluminium coating (B-2) . &
g 0.06 ¥ E
> 0.28
< 005 <
=004 F o o {026 %
TC4 aluminium coating/LC52 hard anodizing +sealing (WL-1)
0.03
!é 0.24
0.02 F 5
0.01 0-22
0 Il 1 1 1 1 1 1 020
0 1 2 3 4 5 6 8
Time/(10% s)
3 BT N [ It Sl S e R e A T

Fig.5 Changes in galvanic corrosion current under
different process combinations
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Tab.3 Contact corrosion test results of TC4/L C52 with different surface treatment processes

Test time/h

Sample
96 288 576 1008 1 440
No 18% 25% 45% 52%
B-1 corrosion White corrosion White corrosion White products and black White products and black
on LC52 on LC52 spots on LC52 spots on LC52
No Discoloration on DDISCOI(.)MUOH aqd 0D1scqlorat10n gmd Discoloration and 30%
B-2 corrosion LC52 10% white corrosion 22% white corrosion on hite corrosion on LC52
on LC52 LC52 W
No 15% 949% 100% 100% discoloration on TC4,
WL-1 corrosion Discolorati C4 Discolorati C4 Discoloration on TC4 3% white products and black
Discoloration on T Discoloration on T spots on LC52
0, 0
No 3% . % 100% 100%
WL-2 . Discoloration on Discoloration on . . . . . .
corrosion . . Discoloration on both side Discoloration on both side
both side both side
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Fig.10 Appearance and morphology of contact parts of disassembled samples: a) sample B-1; b) sample B-2
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Fig.11 Appearance and morphology of contact parts of disassembled samples WL-1 and WL-2: a) sample WL-1; b) sample WL-2
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Tab.4 Fitted data of equivalent circuits derived from EIS diagram
YQpW( YQC)/ Rp(Rct)/ YQp( YQd)/ Rb(Rcy)/ YQb( YQcy)/

Sample (Qem % s™ nQpw(Qe) (Qem?)  Qlem?s™ n0y(Qa) (Q-cm?) (@ em?s™) 1O Qey)
LC52 in WL-1 3.40x107° 0.93 1.34x10° 3.49x1077 0.17  3.74x10"°  5.14x10°¢ 1.00
LC52 in WL-2 6.22x107" 1.00 3.51x10° 4.34x10°° 0.93  4.99x10"°  7.65x107"° 0.99
TC4 in WL-2 3.69%x107° 0.97 9.37x10° 4.07x1077 0.62  1.92x10"  3.51x107° 0.74
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Tab.5 Energy spectrum test results of corrosion area
of LC52 test platein B-1 sample

Element
Percent
(0] Al Cl Total
wt.% 47.01 42.39 10.60 100
at.% 61.11 32.67 6.22 100
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Fig.15 Microscopic morphology of aluminum coating before and after test: a) before test; b) corroded area; c) discolored area
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Fig.16 Schematic diagram of the protection mechanism of aluminum coating: a) without
aluminum coating; b) with aluminum coating
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