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Phosphate and stannate chemical conversion coatings on
ZK60 magnesium alloy
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(1. College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. Department of Chemistry, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to enhance the anti-corrosive performance of ZK60 magnesium alloy, the chemical conversion
coatings on ZK60 magnesium alloy obtained from phosphate or stannate solutions were studied. Different chemical
conversion coatings were obtained by changing the processing time and temperature. The anti-corrosive performance of
coatings was studied by electrochemical impedance spectroscopy and potentiodynamic polarization curves, the
microscopic structures were studied by SEM. The results indicate that the charge transfer resistance(R) of the sample
treated at 50 ‘C for 30 min is 224.03 Q-cm?® while the R, of chemical conversion coatings obtained in phosphate
solution at 80 “C for 45min is 377.67 Q-cm’, showing the highest anti-corrosive performance. For the stannate
chemical conversion coatings, the coating obtained at 90 ‘C for 60 min has the best anti-corrosive performance with R
value of 388.32 Q-cm? but compared with the phosphate chemical conversion coatings, the difference in anti-corrosive
performance is not obvious.
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ASAEE EERIIT T ZK60 B4 4 LR T
BHRERACF AN T Z, T8 4 A # L R RTs [i) 75
BRI A AE LA, IR A AL 2 T T
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1 SLI§

1.1 SKIawt#y

ARSI BT ZK60 B 44 S B iy (O
EOHD: Zn 5.5%, Zr 0.45%, A3 Mg. BERNINTES S
S B [ AN I A XA T, B AR B
(1) ] 5 B EEARAR /DN, AR AT AR SR IR doRc 40 A VR T
AE K H B & M EHEBY RS ZK60 Bk, M
P SR EZeUIE R IR KT, S
WP g, RGN AR IR R, R i )
4 5.30 mm X 9.76 mm ¥ TAETH(S=0.517 28 cm?). 5K
ISR FESEEZ 400°F1 15007 /K BERDACHT B, /KIk2
Ja rH W EREYE, .

1.2 LFAIER
ARSI Rl A0 A B R B 1R & A B AT FH R Rk 43 43
MWW 1 52,

F 1 B Ry
Table 1 Chemical composition of phosphate solution (g/L)

Na,HPO, H;PO,” NaNO, NaNO; Zn(NO;), NaF

20 7.4 3 1.84 5 1

1) mL/L

F2 YR E AL o)

Table 2 Chemical composition of stannate solution (g/L)

NaOH Na,Sn0;3H,0  CH;COONa  Na,P,0;

10 50 6.03 50

1.3 KWHZE

T Ak B 0 R 8 A PR A P AV AR TH AT . A
S A2 BIF ST T A3 ()R X A TS E00 B
TE R EPERERI 52T o I AR X AN S 4T LTS 2]
PEREANEME)ZE, R F P A 2% T Bt o 2 it ke
PERE . Wb — IRHGEFE, — AR T S = R
AILAEHZ T ZK60 A& Ar hi(50 C) Ml myilt
(80 C)MYFP L Z44F T B T 2B ZERE . KT
PR AR AL IV B, ARAEAHOCTORE, ARSI B R £h Ab 1
(IELE R 90 CHOY, H fh 2k 3 BE4E. CHI660B(CH
Instruments, Inc. 3700 Tennison Hill Drive Austin, TX
78738-5012 USA)MIAA FHEAT o M B R F = Hu
R, S AT R AR, il FEUAR A A R
TRFEA TAE AR, B 5 th 2817k F 4 4l NaCl
BT R 3.5%NaCl il 3= 2R H Wk 2% Bk
AR H A7 FA AR A i B AR PPN 5 PRI e
fE, AL SE BRI IR H I 1L 5% RN 15 5 1R
5 mV, WEAELEN 10° Hz~5 mHz. HAL2EH
PO IR AR PR 0.5 mV/s. BTA I HAL 22K
AR 25 C N T.

2 HR5WH

21 R FELE
201 SR A (] —FAE H 2 1) A AT

FEAN )il B AL R e, O S R T Al
PRt AR 2, AR K 1 PR,

M1 AT LA S, fE 50 F180 C N, bl
NIFFLAT 1 min 22470, SRFE 0 FAR FRLA #5A —AN/
W BE ) R B o X AT AR A B R T A MR M B rh 3R
THI 2 R A S MR AR ) SR DR o B i H AR H ST B — A
B T B, @ N DL, FA AR AR
X AZ0 N A R S R EAT B RIS B fE .
Bl ErTCUEH, 7650 CF, 800 s(47 13 min) P I¥fk
s B EIEATE s fE 80 'CF, 1.8 ks(30 min)/5
SN EE AR B4
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Fig.1 Open circuit potential of samples as function of
immersion time in phosphate bath at different temperatures: (a)

50 C; (b)80 C

2.1.2 50°C FAN[F) AR BRI R]GHE 2 1 e 1 5 i

HFEEAE 50 CF, AS[rlAb BRI [ A2 1)
TiRf JE5 e B (RIS, AR S X W A AR BRI TR] R 10 20
F1 30 min [FHAFELE 3.5%NaCl(ii & 0 F0) T T
R ZE BTG INR, 45 Rk 2 fros.

M AT LA, B SR 2 i B A B IR R A
(I RHT TG AR AL, I P35 v e 2 e IR A )
TP A ARSI B STAT N, S0 Hdi i R
LA B, AT RE SR 7R & 1A e M 23R A ¢
(R ARATERS ). KBTI HIL, KRS 2wt B
W, W TLMIE FIILIE . AT, B
HH ARG G G VR T o 1k, wT LA 3 sl
SRR B R R X — A R . R W AR,
R} WA % P BHL (R N HLBH) , CPE Dby i ARAY £ 6 A
A TS 2 CPE, Zepe =1/Yo(jo) "s X, Zepe
23 CPE JufFRIBEPL; Yo IH 3L j=x/—_1; NI
Fyon NYRECHRE n=1, CPE M4 —ANaliHi 2. n=0
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Fig.2 EIS results recorded in NaCl solution for samples
obtained in phosphate bath at 50 C: (a) Nyquist plots; (b)
Bode plots
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Fig.3 Equivalent circuit used to fit high frequency part of EIS

measurement
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350 CHEAALEEA RN )5 AT K =4 EIS U5 $dl
Table 3 Fitted results of high frequency part of EIS of
samples obtained at 50 ‘C and different phosphating time

R4 80 CHEALALIEA RN 7] 51 ) w8 EIS 4065 £chi
Table 4 Fitted results of high frequency part of EIS of
samples obtained at 80 ‘C for different phosphating time

Time/ R/ Yo/ R/
min (Q-cm?) (Q 'em?s™) (Q-cmd)
0 7.26 1.56X107°  0.98 92.85
10 6.39 6.53X10° 091 139.98
20 7.50 450X10°  0.86 152.75
30 12.23 4.68X107°  0.76 224.03

2.1.3 80 C N[ AbH A ) o) JIEE 22 1 B 1) 5 i
T 7%, 80 °C I Bl A ot AR 18 B ARG 1 I (7] 2
K28 sz AR T AR AN [R] B IR S R A AR
3.5%NaCl ¥ P I A =BT, S5 0 T8 4 b
BT LA Y, I9S E Ak 2= BRI AL 50 °C
DA R IS, R R A [ £ A8 R A L v A
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Fig.4 EIS results recorded in NaCl solution of samples

obtained in phosphate bath at 80 °C: (a) Nyquist plots; (b)

Bode plots

Time/ R/ Yo/ R/

min (Q-em?) (@ ems™) (Q-cm?)
0 7.26 1.56X 107 0.98 92.85
10 6.38 2.69% 107 0.89 198.27
20 8.83 5.10x107 0.79  209.55
30 7.91 3.77X107 0.86  227.29
45 26.67 4.54%10° 0.66  377.67

T LU HEAL 22 BT HE (BIS) O 45 3R, 20 id Ak A
H 45 min (14022 AR PTG ik BE AT -

2.1.4 G RA R B 2O Y 3

SR A4 LB T AN ) 4% A A I 2 AT 0
2, WA XmE s s,

M 5b)~(e) T 51, BEBEAGET R ALK, 2
TR, FLISZ 0 SRLE AR /N o AEBEAL IR 8]
10~20 min B, &EIFRIIA LB M SRAETE,
RS 5 RN E & R I G A2 & 2
30~45 min I, &R LT 58284/ bk 78
o MUMAIEE KR, BB E Ot FRAFAE— AN
R K I BN AT, WIURTE G SR AN FAL
AL, RO, RRE R R IR, AR
KRHI SRL A, RIS AE G S R I AN [R5 AR Je 1)
ARz, AT £ < PRI SR THT T F /)N i 7 i 5 2 (R Ak
B XEGIE 5@ F(d) &, e ARG T B R
FERZERWR, i HAR RS R 2, R
B G R THT AR EE 2 1) il (1) A AR T P I — . fig
Tl (SO 8 S22 TEAT R T 48 1 2 90 AT 485 SR 7R (O =
#): C 4.19%; O 39.15%; F 2.25%; Mg 3.33%; P
12.18%; Zn 38.90%, UtHJE = A & BERIBE I 484 -
2.1.5  TEALALFRIE 5 1R R

M50 CHI 80 C T HIBERR Sh A6 57 e AL IR FiLAL,
SERHPIIE LS kA, 50 C RALFE 30 min HRAE HIAT
RS WA 224.03 Q-cm?, 1f] 80 C R AbFE 45 min
RFE TR IR 377.67 Q-em?®, WIWET 50 C
AR E A . D HE— DR S LA BT
WEZR, [\ 50 CTF4b#E 30 min A1 80 CFAL
B 45 min 152 FPMIE AT T S d TR AR A
Lerm g, A 6 Fros. T8 ik i As Ak
I ZE BT RIS, 50°C T AL 30 min (195 il FEL 5%
JE4 7.01X107* AJem?, 80 C FALFE 45 min (1)) 1k e
WL N 1.90X 107 Alem?, FTS 45 R J5 4 16 el
N, X DURSE T A PP I A5 . I
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Fig.6  Potentiodynamic polarization curves of samples

obtained at 50 ‘C for 30 min and 80 ‘C for 45 min

Bl5  ZK60 Bkt M A R SEA AL B 7]
MBI SEM JEF
Fig.5 SEM images of phosphating coatings

obtained at different temperatures and time
on ZK60magnesium alloys: (a) 50 C, 30
min; (b) 80 ‘C, 10min; (¢) 80 C, 20 min;
(d) 80°C, 30 min; (¢) 80 C, 45 min

AL — W LR, T el A A T B T Ao

22 SHEREEFENIR

hy 2 SN [ R BRI (7)) 55 1 R AL 24 AL BB 1T
S, XPIREALFE 30, 60 A1 90 min R4k 2EFEAL JIE
7E 3.5%NaCl AT Ak = BEPTIE IR, JLah R
e 7 fios.

M7 TG, B8 SR A B S R I Ha b 2 BE
Ptk B AN B R A1 B 2R AL, B BT AR F AR TR
JIERACEE,  FH Zview BRAFR Bl 45 ) H Ak 2 B B 1%
HATIE, PR RIREdE R 5 PR,

&AL, AP 60 min (45 1% ShAL 27 5 Ak it
BT R HIBE A 388.32 Q-em?, T A 41361
73 0 RE (1 BELAEL, 5 e Rl A S 560 7 380 1 B 2 1 e
ATHEEE, 80 CHEILALFE 45 min (K2 AL N 377.67
Q-em®, NI UL IR 52 A J RNl 19 602 e A i
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Fig.7 EIS results recorded in NaCl solution of stannate
conversion coatings with different processing time: (a) Nyquist

plots; (b) Bode plots
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Table 5 Fitted results of EIS of stannate conversion coatings

with different processing time

Time R/ Yo/ R/
/min (Q-em?) (Q7lem*s™) (Q-cm?)
0 7.26 1.56 X107 0.98 92.85
30 8.34 3.92%X107 0.79 148.72
60 10.75 3.38%107 0.70 388.32
90 18.24 3.60X10° 0.72 181.05

FI PRI TEREAT 2, (H e IR e I RE v, T
FLACEE I o) SELE AL R 2. B 8 s AR S i
B R AL A AL 2R T SEM Bt

Fig.8 SEM images of stannate conversion coating with

different processing time: (a) 60 min; (b) 90 min

ML 8 TIA, IR Eh A A G A 2 I HERR Y —
SR TE R BURL, X 8(a) AT BERE /T, LRy
HOFHREE): O: 54.75%;  Na: 1.11%;  Mg: 6.59%;
P 0.23%; Zn: 1.27%;: Sn: 36.05%. XJ LG 8(a)F(b)
A, HARISTE] Y 60 min A1 90 min [ 1H B30T
KIIRRG], fi H Ak 2= BRI AR R B AR HE 90 min [R5
ST R bk BERG /N T 60 min FRJE S, XA g & AL BRI
Vi) 3 K 3 I 2 P 2 B A B AR T AR S
I, 0T IR SRS A, AL FE N TR] 60 min 2.

3 e

1) MRS 1IN Al — a7 th 26 F i, 50 CF
WAL ALTE 800 s /47, 80 C REE{LALHE 1.8 ks ifq,
SN HEATE P o

2) MHIEZBHTIS S U0 A, BER . BhRERAE
NaCl J&5 A 5t e (g BEL A 1 wi phy s 30 ) 25 0 IR A0
VBTSRRI LU s 23 3R A5 i 4 7% L BEL
SRV I R ik o

3)50 'CF, WEfbALPE 30 min HURERS £hEL LRI
iy ksl 80 ‘CF, WELALEE 45 min FIZPERE
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