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Process Optimization of Chemical Coating Conversion Method for WE43

Magnesium Alloy Based on Orthogonal Experiment
Liu Yaoxi, Chen Leping, Zhou Quan, Yuan Yuanping, Liu Wuping
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University)

Abstract: Potassium permanganate drop test, potentiodynamic polarization curve, scanning electron microscopy
(SEM/EDS), X-ray diffraction(XRD) and other test methods were applied. By adjusting the phosphating solution
composition, temperature, phosphating time and pH value, four factors and three levels orthogonal experiments
were carried out to optimize the phosphating process parameters. The corrosion behavior of phosphating film was
analyzed, and the film formation mechanism was explored. The results reveal that with the sodium fluoride con-
centration of 2.38X10 % mol/L, the phosphating time of 30 min, the temperature of 65 C and the pH value of
3.2, the surface of prepared phosphating film presents uniform and dense, and the thickness is about 12.63 pm
with the main components of Zn; (PO,), and Zn, Mg(PQO,),. The formation of phosphating film can effectively re-
duce the corrosion tendency of WE43 magnesium alloy. The corrosion current density is decreased from 4.611 X
107° A/cm?® to 2.859X10° A/cm?, which is reduced by 38%. The corrosion rate is decreased from 1.01 mm/a to
0.62 mm/a, which is reduced by 38.61% , indicating phosphating can improve the corrosion resistance of WE43
magnesium alloy.
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Tab.1 Factor level of orthogonal experiment

KFE/ BHEA/,  REB/ . NaF#kJE(D)/

B 2% min C PHAEC L)
1 30 45 2.8 1.19X102
2 35 55 3.0 2.38X10 2
3 40 65 3.2 3.57X10 2

Ak 2 I3 SR ) CS310H R e 4k 2% T AR 3 . 5% 1
gt 3 RUB MR & L 1o IR D T f AR o 6 Aok Fi Al
NZ AR B AR D X R . R AT 3.5% B9 NaCl %
BRI 5 S i AL B O — 0.2 V~0.2 V., 1]
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Tab.2 Result of orthogonal experiment

L ALISES

A A(E\J“l‘lﬂ)/ B(fg@/ COoH D) D(NaF i{z[,@Z)/ Ef;tﬁs
min C (mol « L)
1 1 1 1 1 28.67
2 1 2 2 2 29.33
3 1 3 3 3 28.33
1 2 1 2 3 10.33
5 2 2 3 1 23.67
6 2 3 1 2 31.00
7 3 1 3 2 32.00
8 3 2 1 3 10.33
9 3 3 2 1 38.33
K, 86.33 71 70 90.67 —
K, 65 63.33 77.99 92.33 —
K 80.66 97.66 84 48.99 —
ki 28.78 23.67 23.33 30.22 —
ks 21.67 21.11 26.00 30.78 —
ks 26.89 32.55 28 16.33 —
R 7.11 11.44 4.67 14.45 —

2.2 BRHLRR O RE
1o i PR B A 7 8

X DL 77 S A IR BE AT e il R B 0 3
UL I 18] 23 531 D 48,50 FI AT s, - 43 a5 i B[]
48.33 s, 5 b 3A IE 22 1 56 5 IR I 8] g R A A AR T
10 s MO X PR TSR B p A A7 Xk e, & 1
N9 S MR TT AP LR E S . TR . &
IR AT 2 b G 4 52 5O 3 ST B0 . HIC AR RRR
B MTE 9 5 LA HAL BN Y 15 Som 1 s . HAF
TE— 2 AR A S R RR B o Jt PRy 7 0 401 2 () A I
] . pH B A NaF i B[R] . b Al ik 0] e i i 1k
58 J2 B JEE A SR P AR 5 p L D o8 73 Wl A 9 38 78 T NaF
) L AR B R TP R MeF IR I R AR 86

2.2.1



BT IR A WEAS 86 & b2 AL T2 IR

SRR I 11 9 A R A A A
ORISR 2 NaF e Th 0 0 o [ R T
FERERS pH I F b 07 I S8 (0 B L B 5 24 NaF ok e
WEAR T . F1 7 A 3 1 T, R BRI pH (B2 (5 96 A
SR R LB S T (L PR G 1 e
SR B 56 8 54 R

() 9% (b) J#kAHK
Bl RARAIZLAKTHLEER

Fig.1

Morphologies of phosphating film under different

process parameters
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Fig.2 Potentiodynamic polarization curves of phosphating film
and substrate of WE43 magnesium alloy in 3.5 % NaCl solution
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Tab.3 The results of potentiodynamic polarization curve test

before and after phosphating treatment

13 15 JF ol b, 90 % B/ g AL/ R/

- (pA e cm™%) Vsce (mm =+ a~ 1)
A AbFHL 46.11 —1.61 1.01
WAL Ak 71 28.59 —1.51 0.62
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Fig.3 The surface morphology and EDS spectrum of phosphating film
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Tab.4 EDS analysis results of phosphating film on WE43

magnesium alloy

TE Zn 0 P
wp/ % 44.45 40.39 15.16
x5/ % 18.41 68.34 13.25
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Fig.4 XRD pattern of WE43 magnesium alloy and phosphating
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Fig.5 Schematic diagram of phosphating film formation

mechanism of WE43 magnesium alloy
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