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Corrosion Resistant and Paint Match Performance of Non—chromium Chemical

Conversion Coating for Structural Aluminum Alloys Served in Marine Engineering

LIU Bin
(Naval Academy of Armament, Beijing 100161)

Abstract: The alum-nanocermic coating, a novel Ti/Zr —based non—chromium/phosphate chemical conver-
sion coating, was made on two typical structural aluminum alloys used in marine environment: 5083 - H116
and 6061 -T6, to improve the corrosion resistance and paint match abilities of structural aluminum alloys
served in the marine engineering. The scanning electron microscope (SEM) and energy dispersive spectrdme-
ter (EDS) were used to characterize coating morphologies and components. The electrochemical characteriza-
tion was carried out by potentiodynamic polarization and electrochemical impedance spectroscopy. Neutral salt
spray test and crosshatch tape test were used to evaluate the corrosion resistance and paint match ability com-
bined with the high build epoxy primer. The test results show that the appearance time of the white rust less
than 5% of the total area is more than 240 h for the AA 5083 alloy after alum—nanoceramic treatment, and
168 h for AA 6061 alloy, respectively. Meanwhile, the primer match ability of AA 5083 alloy on the alum-
nanocermic coating reveals better than that of AA 6061 alloy.
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DB, BEA FE BRI B OR R R H 85 T
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el M A T U R PR BE T R A A A T ek
R HS5HHIRZ MR E M SO TE 5083-H116 Al
6061-T6 Kef& b4y 5l il 45 7 — FhoFr 84 Alum -
nanoceramic £k /&% 3 0 5% 94 K P B R, 32 4 AR
H AL O; TiO, (ZrO, 9K R Z M 5 B .
Y SN N N O ST R o N SR L R iR A
2 it T 5 o7 v Pk (Dry —in—place) f# A] B $
A S e 2 e A BB it v R 4K B 4 1k g 0 T A Dy 1
SRAPLIRZ M E IR E . @ SEM FI
EDS Zr B i 5% 17 B )2 SOUL T 3 B H: 32 2 2 i, A
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1.1 ZHRUFHUES S

I AA 5083-H116 #1 AA 6061-T6 45
A G ER 1A 2 fros) s ReF¥2 127 mm X
76 mm X3 mm, WEEL 800 SHPYCYT 5 L AT
B3 (Na,CO, 25. 0 g/L. Na,PO, 15. 0 g/L.,
Na,P,O, » H,0 10.0 g/L.OP-10 1.5 g/L.60~
75 'C/3 min) J& F: A AL AL P CHF (it it 434040 %0)
30 mL/L, HNO, (65%) 50 mL/L,RT/1 min),
R K B 2l K BE % T ¥ )5, 5 54T Alum -
nanoceramic JG & 1k 22 & {k 4b B (H, TiF,; (60 %)
4.0 g/L, H,ZrF; (45%) 5.0 g/L, HF (40%)
0.5 g/L, s 0.75 g/L,pH{H 3.0~4.0,25~
35 C/120 s),

1.2 fEgedik
12,1 BOWIES 5 Moy o

X FEI Quanta 600020 kV) ¥ & 5 i
T B s (FEG-SEM) %} Alum —nanoceramic 4b
P S PR SE G 48 00 2 T GOW T 3 2R A7 L4 L JF
fifi Ji Oxford INCA X-MAX 20 X 54k A £ (4
iYL CEDS) % 9 48 & 4 19 Alum — nanoce-
ramic i )2 JEATICR 4047

£1 SBEEAEUERN/ (REHE/%)
Table 1  Chemical composition of AA 5083 (w/% )

Element  Si Fe Cu Mn Mg Cr

0.4-  4.0- 0.05-
1.0 4.9 0. 25

Content 0. 40 0. 40 0.10

Others Others
(each) (total)

Element Zn Ti

Content 0.25  0.15 0.05 0.15 Bal.

R2 AAG6l SBEELERS/ (RENH/ %)
Table 2 Chemical composition of AA 6061 (w/%)

Element  Si Fe Cu Mn Mg Cr
0.4- 0.15- 0.8- 0.04-
Content 0.7 0.15
0.8 0. 40 1.2 0. 35

Others Others
(each) (total)

Element Zn i

Content 0.25 0.15 0.05 0.15 Bal.

1.2.2 W e rEReRIE

i Ffl PARSTAT M2273 %1 1 fb 2% T4 3 %t
Alum—nanoceramic #b ¥R FT 5 W R 4R S 4 54T 3
HL AV B Ak B L A2 B BT 3% CETS) 20 B . R FH I
SRR R b R DU R Dy A H AR GO AR
0.5 em®) i By AR Oy R TN RREA 7 LR S 1
HL A Ry 0 A H SR AR A B 506 itk NaCl ¥
W SR AL Z 0.5 mV/s, fi A l iE
J R — 250~ 750 mV (Vs. OCP) ; B Ak 2 B i 3%
LA 107 ~10° Hz, #i 5 S IEH ) =5 mV,
M4 51 3 3 ] CorrView Fl ZView BAF43HT
1.2.3 I (NSS)

#el ASTM B117 — 2009 #% #E, % Alum —
nanoceramic At FT 5 1 B FP R G 4 S Ak Ak B
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IEUR R A FR IR 1 IR AT e 5 K50 .
Horp, R % A R SF o 244 mm X 76 mm X
3mm,.ig 2 5 R 58 127 mm X 76 mm X
3 mm, KR JEE Y 300 pm, FATIEUFE N 5 8,
FEHM H R Bl ASTM D1654 Method B, g%
TR BTN R 55 1 0 A AT 003K Uk 26 5 iUk
Fi B ASTM D1654 #4738 LR85 471056 .
1.2.4  IREEHHE il

TR BT 7 5 R T A N S R M
TR Tk T AR M E J1 IR ] ASTM
D3359 i i i A7 e Al 3 25 . 8 A A B E

(d) AA 6061-T6

(e) AA 6061 alum-nanoceramic coating

ARSI P oY R S N 2 e e A N LR R
B30 24 h.49 C R 96 h.66 C R 168 h
o P A AT T ) B AT A, A 5 A R T
ASTM D3359 Method A 1 B,

2 HFR5

2.1 WMEEIWT

& 1 25 Alum—nanoceramic £t FEFT 5 ¥ Ff 55
AWML . HILE B . Alum-nanoceramic
I J 2 235 4 1) &) B L 3T TS T R o i B R
B R BEIFE 100 nm PLF

150
Element w/% al%
C 0.11 230
= o 077 164
F 115 0.84
8 100 Mg 450 458
Al 7475 8833
z K 027 042
a Ti 039 0.69
8 50 Zr 0.39 1.20
=)
S
:
0 5
E/keV
(c) EDS of area in (b)
250
Element wi% al%
C 020 257
- 200 o 0.89 2.10
A F 124 121
&) Mg 147 156
Z 150 Al 7633 9083
2 K 021 034
= Fe 0.06 015
2 100 i 0.11 039
] Zr 027 0.85
=
50
L .
5
E /keV
(f) EDS of area in (e)

B 1 Alum-nanoceramic 4 FIHT/S AA 5083 Fl AA 6061 5845 4 A BOULIE 1A EDS 43 7
Fig. 1 SEM morphologies and EDS analysis of AA 5083 and AA 6061 before and after alum—nanoceramic treatment

2.2 BENSHSH

Wi Rl 454 4 Alum—nanoceramic &2 1 EDS
SETE R 1 (DR, di A H . AA 5083
-H116 Alum—nanoceramic &2 E3 i1 Al.Mg.
Zr Ti.O.F Z0EH . ™M AA 6061-T6 Alum-
nanoceramic [ Z M H Al.Mg.Zr.Ti.Fe.O.F £
JUAR AL X 32 B R A 4 R A R 22 i
B Horr B B Bk OC R W AT RECR B TR
HHY . ERSERERY, WA S SR Alum -
nanoceramic i) 2 W FE i Al.Mg.Zr. Ti.F £
5 2R4 IR F A B K & W .

2.3 BUFMHEERIE
i 2 FroR sl i A i 2l DL L 28
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Fig. 2 Potentiodynamic polarization curves of different
aluminum alloys in neutral 5% NaCl solution before and

after alum—nanoceramic treatment
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Alum-nanoceramic £t B J5 . 5 F 48 & 4 e b Bl
22 1 BRI 4 A4S0 9 A0 3 A 347 1) I v I 28 B XS
Bl [ PIRDER G 0 A Ak il 42 B AR O B B
W — 5 B B P B A X R B Alum -
nanoceramic [J& )2 i 1] F 49 il B AR B 1

S i fb i R Pl A 45 R a3k 3 FiaR . i
EH .24 Alum—nanoceramic &5 , R 45 4
4 1) JE Tl R B OOIE B AL, AA 5083 Alum -
nanoceramic &2 (14 B i fHL U (o) LY JE 4
KT 23 P EESH.AA 6063 Alum—nanoceramic
B2 U LG SR AR AR 129 2 A BREER

K 3 AR G 4 K H Alum—nanoceramic
B2 1 ETS B35 0G5 8500 i S A5 45 500
g 4 fk A s, HE 3 AU, 4 Alum-

nanoceramic b ¥ J5 ., AA 5083 54 4 i FH $T 1%
H 9 A 20 I 78 Sy B 25 o, JF HUBEZ SR
PUE | Z| Le AL BRAT 2 & 729 3 DR, KW AA
5083 Alum-nanoceramic &2 % T B A B EA
RS R, SZAHE RAEH AA 6061 57
B 4 1 BEL AT 35 e 8 430 X5 e IR AEG A8 DX 8 4 9k
L RYIE A S B B LI T 2 s Ak B S IR
DX %% 22 Sy Warburg 7B 182 S RUE | Z] 1
AbBRFTER B T4 2 g, R AA 6061 Alum-—
nanoceramic [J§ 2 AT R BB 1A 5T b A 88 74
BT R, FRZE RG] S BUR R PIRNE
44 Alum—nanoceramic JJi )2 25 ] 45 % SH 1Y 5 ol 4
B 1] A () 4 HIGE % o AT A W A AR R A% 11 g o i
R, 5HiA S Hras R 2RI B A — 8

R3 FEMREITER

Table 3 Fitting results of potentiodynamic polarization

Iow/(A + cm™) Eu/V R,/(Q + cm®)
AA 5083 5.426X107° -0.804 7 4.808X10°
AA 6061 9.622X10°° -0.992 2 2.711X10°
AA 5083 alum—-nanoceramic coating 2.224X107° -0.831 8 1.173 X107
AA 6061 alum-nanoceramic coating 1.017X 1077 -1.047 0 2.565X10°
600 10*
—a— AA 5083 i -o-AA 5083 {40
b
—o— AA 6061 £ Y, —o—AA 6061
450 -
103 L
5 300 - >
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- L N
N 150
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0 —=—AA 5083 ~°F
——AA 6061 +1-80
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(a) Nyquist before alum-nanoceramic treatment
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(c) Nyquist after alum-nanoceramic treatment

1zl Q
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(b) Bode before alum-nanoceramic treatment

108 0
F—=—AA 5083 alum-nanoceramic coating 00°
107 F*AA 6061 alum-nanoceramic coating f’o
- 1-20
106 ro;f %\;
10° ¢ 140 ~
_______ >
104 §
]03 E EH:\:HJ% 1-60
102 ¢
-80
10" E—a—AA 5083 alum-nanoceramic coating
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10 2
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Frequency / Hz
(d) Bode after alum-nanoceramic treatment

% 3 Alum-nanoceramic 4b PRl J5 W R4S & 4 76 5% 2k NaCl ¥ 3 1\ Ak 2 B 3 %

Fig. 3 EIS plots of different aluminum alloys in neutral 5% NaCl solution before and after alum—nanoceramic treatment
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(b) AAG061

R CPEc
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R

G

(c) AA5083 alum-nanoceramic coating

R, CPEc
N >
R

c

/4
Wo—
(d) AA6061 alum-nanoceramic coating

B4 HL A2 BT TS 55 A i [
Fig. 4 Equivalent circuits of the EIS plots

2.4 NSSiXIE

iR 584 4 42 Alum —nanocermic 40 B 14 H2
PR B A G 25 R UL 5. 28 168 h NSS X%
J& s AA 5083 554 4 AR 2 X B 1R TR
M AA 6061 554 4 il FF 3% T M B W AH X5 2
28 240 h NSS i{H0 )5 - AA 5083 3 F 4 URE & 1
SUHOE RN T R AL 5 %0, 100 AA 6061 G FE R
T A HE A 22 5l B B

20 0

(a) Before test, AA 5083 alum-nanoceramic coating

20 mm

(c) NSS 168 h, AA 5083 alum-nanoceramic coating

(e) NSS 240 h, AA 5083 alum-nanoceramic coating

K 6 WA G 4% Alum-nanoceramic Ab
FRIF U 26 P 4 R R IS B 5 NSS /i J5 X b B s
283 3 000 h NSS X J5 . AA 5083 48 & & il ke
R LA B> S 4 M AA 6061 X
LN ERATFZ G m - HET . H
WA . HH X AA 6061 8 & 4 W &, Alum -
nanoceramic Jg 8 fb 2% % 4k Ab BT BE A S8
AA 5083 F54 4 I JE il PERE

F4 BUZHEAMEPEER
Table 4 Fitting results of the EIS plots

-
Parameter AA5083 AA \),083 AA §061
coating coating
R./(Q + ecm®) 11. 980 18. 750 13. 140
CPE.-T/
, 169. 9 5.77 10. 32
(105 Q'+ em? » 5) 69. 960 5.778 0.325
CPE.-P 0. 897 0. 866 0.944
R./(10° O+ em®) 0.960  6231.3 37.714
CPE,4-T/
j 2.2
A0 Qe em? e s™) 62.290
CPE,-P 1.214
R./(Q« cm®) 574
W,-R/
. 1.972
(10° Q + em®)
Ww,-T
. / I 239.8
Q' eem™ e s™)
W,-P 0.699
20 0

(b) Before test, AA 6061 alum-nanoceramic coating

20 mm

(d) NSS 168 h, AA 6061 alum-nanoceramic coating

3

20 mm

(f) NSS 240 h, AA 6061 alum-nanoceramic coating

K5 AFEE42% Alum-nanoceramic £ 3 Fi i A NSS i 56 45

Fig. 5 Images of alum—nanoceramic coating of different aluminum alloys before and after NSS test
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20imm y e 20fmm

(a) AA 5083 before test (b) AA 6061 before test

2(fmm 5 20fmm

(c) AA 5083 after NSS 3 000 h (d) AA 6061 after NSS 3 000 h

B 6 A4 E 424 Alum-nanoceramic Ab P I i 25 I 4 JE IR J5 NSS 17 J5 X He 25 51
Fig. 6 Images of alum—nanoceramic coating of different aluminum alloys painted with high build epoxy primer be-

fore and after NSS test

2.5 RERE AR nanoceramic b P VR 28 IR R IR IR 5 9T 50
B 7 R 8 4y B kW AR AE A 4 4 Alum - MRSHCHTHEE ISR . K 8 A, T AR
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(b) AA 6061 before stripping

J20 mim

- L)
(c) AA 5083 after stripping (d) AA 6061 after stripping
K7 PR A4 & Alum-—nanoceramic Ak 3T U 256 PR S0 SE IR IS JG T A5 JBe iy B I A 45 2R

Fig. 7 Images of alum—nanoceramic coating of different aluminum alloys painted with high build epoxy primer before

24000100

and after dry tape adhesion test
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(a) AA5083 before stripping (b) AA 5083, RT/24 h

20fmm

20imm

(e) AA 6061 before stripping (f) AA 6061, RT/24 h

20! mm 20/ mm

(c) AA 5083, 49 °C/96 h (d) AA 5083, 66 °C/168 h

2(fmm 20imm

(2) AA 6061, 49 /96 h (h) AA 6061, 66 /168 h

B 8 WA 4% Alum-nanoceramic b3 Ff U 8 B0 40 I TG4 5 M A 0 B 5 0 DNk 245 A1

Fig. 8 Images of alum—nanoceramic coating of different aluminum alloys painted with high build epoxy primer be-

fore and after wet tape adhesion test
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]2 31 R 24 240 ho 1 168 h,
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