%33 % 5 b =B X W L E Vol. 33 No.5
2020 4% 10 H CHINA SURFACE ENGINEERING October 2020

doi: 10. 11933/]. issn. 1007—9289.20200716004

B AR IR EMMN G350 G & R iS58 %68 =

IR, RIMELT, RGP, R, m S, IRE
CHEMRIL TR P B 2 DU READ A 5% | Bk 541004)

W OE. oy OB AR AR Y R 2 OUL S A X AR 4 FR T P MR BE B0 SN E A AR R TR
&3R5 5 'J?EJ%HI%M XX(«/— ARSI TN EL) UG ALY ( BTESPT) (% Rk 3 Fp A 41 %ef) . SR SEM XRD
FT-TR X [ 4L 2% 231 T 4500 2R AE , 430X 3 2 09 oAb 2= M BE RN 8 Tl BB AT IR 9% . &5 53R 1, 3 Mo T 40 AE
ERA AR U, (0 BTESPT F A8 o0 80% , a2 32 3t BELBT Il Al £k ih 26 03X, 3 Fb 2 B BRBTAE 4 035 3] T
3.3x107 1. 1x10" 1 6. 8x107 Q-cm®, JE M AL F B EE 4390 4. 5%1077 5. 6x 107 F19. 6x10™ A/cem? | 18 13 804 i B3 Hr
REZM L, b3 A0 R Won  BTESPT H AU EZ RS 16 RA =AM, B F R 2 HEAREREZ, o
Wi SIA R BTESPT [ 2 24 15 ) SO 3502 5 440 S JIE 2 5L TR ARG X T 8 b PR RE 4R 136 T FRIIE

KR 64, AR, W (- FIEREIENIE) MUY, 2 TRk, FAERE, TS hERE
FESES: 16174, 45 XHEFRERD: A XEHS: 1007-9289(2020)05-0030- 10

Effects of Self-assembled Film Microstructure on Corrosion Resistance of
Aluminum Alloy Surface

LI Jiaojiao, LIU Yanhong, LI Jiaping, LIU Yanyi, SHANG Wei, WEN Yuqing
(Guangxi Key Laboratory of Electrochemical and Magnetochemical Function Materials, Guilin University of Technology, Guilin
541004, China)

Abstract; In order to study the influence of the microstructure of self-assembled films with different functional groups on the
corrosion resistance of aluminum alloy. Lauric acid, bis( y-triethoxysilylpropyl) tetrasulfide (BTESPT) and ammonium sebacate
self-assembled film were prepared on the surface of Al by self-assembled film technology. Scanning electron microscope, X-ray
energy spectrometer, contact angle analyzer, and infrared spectrometer were used to characterize the films, the electrochemical
and corrosion protection performance of the films were discussed respectively. The results shows that the three self-assembled
films all have been successfully prepared, moreover, the BTESPT film structure was densest among the films. The EIS and Tafel
plot shows that the impedance values of the three layers have reached 3.3x107, 1. 1x10" | 6. 8x10” Q+cm®, the corrosion cur-
rent density reached 4. 5x1077, 5.6x107*, 9. 6x10™ A/cm’. Corrosion mechanism of the film is discussed by the fitting circuit
diagram. Salt spray test results shows that the corrosion point appeared on the 16th day of the BTESPT film. A result is obtained
that the BTESPT film has the best corrosion resistance due to its dense film structure.
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Table 1  Composition and mass fraction of 6061 Aluminum alloy (w/%)
Element Cu Mn Mg Zn Cr Ti Si Fe Al
Content 0.15~0.4 0.15 0.8~1.2 0.25 0.04~0.35 0.15 0.4~0.8 0.7 Bal.
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Table 2 Electrochemical polarization curve parameters of aluminum alloy substrate and three different self-assembled films

Sample Corrosion potential/V  Cathodic Tafel slope  Anodic Tafel slope  Corrosion current density/ ( A-cm )

Pr-Al -0.735 5. 074 16. 209 1.424x107°

NA-Al -0. 641 4.025 30. 139 4.544x1077
BTESPT-Al -0. 307 5.035 5.049 5.610x1078

LA-Al -0.283 7.752 3. 000 9.599x107*




36

b B X @ L IE

2020

I (1) AT 3 AR A JE e i 2k
Ay K 96.83% . 99.61% . 99.32% ., X 1 W]
3 s 240 ] LA B v i 8 ok 1 B, {HJ& BTESPT
SRR Y =R Sl R ) X e aE ey IA = BT
FRLJZ PR T JE5 ol 1 g 5 B2 I S A A G, S5
SEM R LE 3 Ff {3 TAEERR B &R
TR T A AR BT TR e 21 BHA J A
JRVE R, D4 s i kMg L Gl AR &
B TE 3 B [ AR BTESPT [ 20 36 2 8U%
HI¥5) RV To Bk b, PR B A T 4 00 )6 ok
B R
2.5.2 AHBHBTIE AT

Ry T TR b PR Y 2E 2 R A kAT R
TEE 430 3. 5% NaCl IE W h 6 B3R 4 A
AT A MBI 4, 22 BT an i 9 iR, H
W 2 R SRR, 270 HEFRREAT, IR XT BT A
PEAT T SR B AU A, S0 B TR A [ 10 T,
PIAEAE WL 3, MNREZ R (& 9) hal LIE
L4 BIRE T B BTG 24 S B R SR, 2 [ A [
FAAFAE , X R B RE A ) B AR 22 AT R F A L 2
1728, PRI 7 S5 A0 H, 6 b R A AL £ e R
(CPE) SFATEAE 16006 52 30 2090 1) S5 40 Fi %
EI(E10) R, NERE 4 H B, R, A
BH, R, N B AEREZHBE R, AR HLBE, C,

N AR, C WXL JRHLA L, NIEPT,
YRR R n B SPREHUA RN R 0y R
BB AR AR BB n, ISR R R
T RBOREL  n (HAE 0.5 ~ 1 Z[A1AE4k, W] F kA
RN, BEE o (ERHER, RIZHA
PSP, ARGEAR AT A P05 K, ml DU T 5K
THET A2 S RO 2 e 2 2

RS
_ (RX : Rﬂ) !
Ry

Hrpr, ¢ A R NHBH, Thr X R A
PEZFIXCE 2 R, NAEBAR L 2 . B IR S
T FAERE TR R B T E ], IRt B 44
B2 ) TS b P B T i A2 BV VR o R ok 1
TSI 38 3 X Ll R BELAE R A 2 A9 R ik
BifrEne, FAEEZERE R, FEH A4
RN TR AP A G, R 3t s
ATLLE H, BTESPT H 23618 )= A & B K1Y R,
1B, X W 32 2 6 800 A B R 3R B AE
LB B EMNRS. Mo EHTLLAEHR,
BTESPT [ 243 45 fe /b (1) 3 11 55 57 TR0 g 4 118 it )23
¥, A AT o B i TRIAR AR ZY . L far
R HRH R, R IEAG R 5 52 58 A T W 2
TR 1, FR 3 W B vl LU 3

(2)

X

[ ] PF-AI
1.0x107
A Na-Al >
o  BTESPT-AI .
>
8.0<10° > La-Al >
Fit result
T 6.0<10° | ]
|
& o 20410° J ) N
. 5 -
o SRESLE S
N 104108 -]f ;“' &0
n"' n‘"‘
2.0%10° 5.0%102 %“,
¥ 0 1.0x10°  2.0x10°  3.0x10° 4.0x10° 5.0<10°
| Z'/(Q-cm?)
| | . |
ol — 5.0%10° 1.0x107 1.5%107 2.0%107
Z'/(Q-ecm?)
E9 HAEHRR 3 FIANE B 41200 R b= R BT

Fig. 9  Electrochemical impedance graph of aluminum alloy substrate and three different self-assembled films



553

IR, A5 2R GOV R T 5 45 < TR T B ol 1 R 140 5 T 37

A () AT AL FL LA 4171 Q3 Fib [ 41 25 )2
PR FEL i 2% A% Fi BEL 38 R A 1) vl A e B FELBHL 3
VR 3 il 1 20 256 B2 30 T LAAE Jhy B A4 g ok A
Ji2Z (A1 5% B, AT BELE 5 o 2 198 i, 2 5
it ol S X 3 R IR 2 1) A H e i B
HLRHLAEA T LG, AT A Y BTESPT )2 H & ek
() Ry, AE, LA 2 FREZ M R, (R 8 A8
P, MHA2 FAAEBZN R, EHHZEAK,
100 BE 2 AR P vk B L B R B R, + R, T
i, BTESPT 5 )2 [Rl AR 3 A e KA, 3 156 ][] 3L

B2 AR e, BTESPT )2 B AT 3 I b B 1 1%
FrERE, AR R A B TR E RS e
P AR TR P R

R, Ca R C,
Ry Cy
RC‘
LR Ry

(a) Aluminum alloy substrate (b) Self-assembled film

10 SR g

Fig. 10  Equivalent circuit diagram

®3 RBUFHEAMAER

Table 3 Fitting results of electrochemical impedance

Sample R/(Q-em*) C,./(Frem®) n, R,/ (Q-cm*) C,/(F-cm®) n, R,/ (Q-cm®)
Pr-Al 10. 21 1.1173x107° 0.914 55 4171
NA-Al 325 2.2866x107  0.711 72 5696 7. 6828x1077 0.788 35 3.3165x10’
BTESPT-Al 16. 84 2.2783x10™*  0.958 27 3617 900 6.0568x107’ 0.610 49 1. 146x10"
LA-Al 25 000 5.216x107"°  0.822 35 188 680 1.4279x107  0.474 35  6.8407%x10’
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