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Fig. 1 2D morphologies of TCP conversion coatings on surface of Zn55Al samples: (a) Degreased sample; (b) Without PPM;
(¢) p=200.0 mV; (d) ¢pp=—200.0 mV
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Fig. 2 Local contour and micro roughness R, of TCP conversion coatings on surface of Zn55Al samples: (a) Without PPM;

(b) pp=—200.0 mV
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Table 1 Macro line roughness R, on surface of Zn55A1 samples under different conditions

Condition - - - Ry - -
Line 1 Line 2 Line 3 Line 4 Line 5 Mean value
As-received 1.50 1.48 1.47 1.54 1.36 1.47
Without PPM 1.30 1.22 1.34 1.16 0.97 1.19
0p=200.0 mV 1.22 1.28 1.03 1.38 1.59 1.30
pp=—200.0 mV 0.49 0.65 0.52 0.49 0.61 0.55

B3 ZnS5A1 ¥ ZR M TCP ¥ALEMOL TS
Fig. 3 SEM morphologies of TCP conversion coatings on surface of Zn55A1 samples: (a), (b) Degreased sample; (c), (d) Without

PPM; (e), () gp=—50.0 mV; (g), (h) gp=—100.0 mV
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Fig. 4 High resolution Cr 2p*?

spectra and XPS full spectra of TCP conversion coatings on surface of Zn55Al samples with

different gp values: (a), (b) 0 mV; (c), (d) =50 mV; (e), (f) —100 mV
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Table 2 Mole fractions of main elements in TCP conversion

coatings with different ¢p values

x/%
Element
Without PPM  ¢p=-50.0 mV  ¢p=—100.0 mV
Ols 69.20 55.41 58.67
Cr2p 16.01 32.32 2991
Zr3d 0.58 0.79 0.84
Al 2p 9.57 5.50 5.31
Zn2p 1.74 1.57 0.56
Fls 291 4.99 3.63

£3 ANFEBKM A gp T TCP AL Cr 2p>2 3 b %4 57 14
[N =14

Table 3 Peak area proportion of Cr 2p*?

components of TCP

conversion coatings with different gp values

Peak area proportion /%

Component
Without PPM  ¢p=—50.0 mV  ¢p=—100.0 mV
CI'203
65.07 12.68 6.95
(576.6 eV)
Cr(OH)3
15.91 67.11 73.13
(577.2eV)
CrO3
6.53 4.90 6.25
(5783 ¢eV)
Cr,03"
2.10 0.81 0.83
(5794 eV)
CI'F3-I
10.39 2.33 3.02
(579.1eV)
CrF;-11
- 12.10 9.80
(580.1eV)

IR SR A ) BB R S M
MZn,Al,Cr(OH)n+XF__> MZn,Al,Cr F(nix) +nOH_ ( 1)
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ZtFy +40H —>Zr0,-2H,0+6F )

2.4 TCP #{LEERIM oM
241 FEtkfbhs

5 FT7R N Zn55A1HEJEAE 0.5 mol/L NaCl & i
AT st Ak 2k, I =280 QP Hadk 474
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L
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=
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B 5 AFBKMHEAL gp T ZnSSAl #5ZRKM TCP ALK
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Fig. 5 Weak polarization curves of TCP conversion coatings
on surface of Zn55Al samples with different gp in 0.5 mol/L

NacCl solution

®4  ZnSSALEJZRRIN TCP FALIEAE 0.5 mol/L NaCl ¥
gtk A i 2k 253 A 2 RN A A5 R

Table 4 Fitting results of kinetic parameters for weak
polarization curve measurements of TCP conversion coatings

on surface of Zn55Al samples in 0.5 mol/L NaCl solution

. Jeor! b/ b/
Condition Oeon! V 5 4 4
(A~cm ©) (mV-dec ') (mV-dec )

Without PPM  —1.016 1.07X107  43.9 39.8

pp=—50.0mV —1.047 3.54X107 585 73.9

pp=—100.0mV -1.009 4.68X10° 354 35.0

9p=—200.0mV -1.012 523X10° 338 32.0

FEFREEAR L, 24 p =50 F1-100 mV K, FRHAE
T AL R AR TE Fh /K P 0 8 e L R B P PR T
NS, BB 9p=—100.0 mV K15 2]
B T B R /N o TT O, HEINE 2 PR B AR Bk v i FRL
A A] DL — A 250 e A JEE R T e 12
242 ®WALFEHED

6 FT7~ A ZnS5A1H%JZ1E 0.5 mol/L NaCl i i
i) Nyquist A1 Bode K, KHIE 7 B 1w I [A) 5 %
MG EAT IS . o, Ry AR Cy
R 2 FLBR L AR AL P BRI JZ AR s Ry
R TS FBEL s Rpore,sot A1 C 7350l 2735 FLIE 5 HL BHL
FVELZE o S R0eR I Hp P AN I ) B 2 PO B R
R A )2 3R T A LA IRAE. NaCl ¥ ) s fb 2%
i 4O P 6 BT 0L, A4 TCP BRI AT DL ik
REZRTHI AR T, e 0 BF AR Jk v 75 38 AL mT DAsgE— 25



2640 o [ < R 2 AR 20204 11 J
40 @ -
o Without PPM __— Electrolyte
0 ,==50mV a
30 Porous conversion
o Rpore,sol A/ coating
g
Q — v Corrosion product
20 —t
= = ot-dip coating
N
10

Z'/(kQ+cm?)
6
10 ) 80
105 oYYy
A 60
& 104 5
S 5D
S 40 £
5 10° 2
- =
102 e O (oP:—SO mV 20
A 2 ¢="100mV
o v v 9;="200mV
1 L L PRI AT B

TR R A 0

10t 102 10> 10* 10
Frequency/Hz

B 6 AFEMKMTHEA gp © Zn55A1 #5ER WA 0.5
mol/L NaCl ¥ H[#] Nyquist EIF1 Bode

Fig. 6 Nyquist diagram (a) and Bode plots (b) of TCP

102 10" 10°

conversion coatings on surface of ZnS55Al samples with

different gp values in 0.5 mol/L NaCl solution

B A B R o, H S K EA, 9p=—100.0 mV
I, Nyquist B H Sz Bode | Z| BB ok, #
HFT3E 4 0 ik o L 3 e B R ] 2 25 4R T Zn55A1 BE )=
F AL SR AL AR IR P v o 1K 55 5 AR Ak il 2R DN 5 ) &5
R 8. AKX HIKHKRZERLESHK
Warburg FHFT, BRSNS ZnS5A1 7EEh7K 1)
Ak 52 0 PR 1 S

B 7 EIS %A

Fig. 7 Equivalent circuits for fitting EIS data (R,—Electrolyte
resistance; C;— Capacitance of porous conversion coating;
Rpyoresol — Resistance of porous conversion coating; Cg—
Electrical double layer capacitance; R, — Charge transfer

resistance; W—Warburg impedance caused by diffusion)

% 5 i NS 20 AL ZEBEPTR 45 1),
AL, 4Rk AT @p=—100.0 mV B, ARFE ) RporesortRet
B KT H A& N BUERFERT RooresorRe 1B, FLHHL
R HPE Ry (1.15X10° Q-em)I K T 1 MR
ho R AEMEK, 32 B FELar 25 S IR 0 1) A% i PR
FERK, HAL B B R A Bk AT o [RIINE, 24 9p=—100.0
mV AR oMl Cy fE /b, RFFALERE
I8, AR U M S o g
243 HEERE

8 FTZNA ZnS5AL B ZIRFEAE T P 36 55 5050 J5
B IES . RENKH IR AL R TTE 4 d
TF Gty HH 0B 5 1) SR R U o, TR R 1 S ke )
(LI 8(a')), 8 d HFiFE B T A FE R (LI 8(a™))s T
ik 3% R 4% JE ARG AR S5 AR L U R B T R 4 11
M. 5 AR 45 R — 8 kb7 i f i
@p=—100.0 mV I}, FEALRE AR e e £

T 72120 21 B, RIS ] % Zn55 A1 8% 2 2 1 TCP
FEAR TR v A 2 L B s, (R RE 9 Sk
T ARE SN B B 300 s FIFE 9p=—100.0 mV I B

£S5 AFEBKAHEAL gp F TCP FAUIRETE 0.5 mol/L NaCl ¥ 7 1) EIS #U A 45 1
Table S EIS fitting results of TCP conversion coatings with different ¢p values in 0.5 mol/L NaCl solution

.. Rs/ Rpore,sol/ Cf/ Rct/ Cdl/ W/
Condition 5 5 o 5 5 oos
(Q-em) (Q-cm”) (uF-cm ) (Q-cm”) (uF-cm ™) (nQ +s™)

Without PPM 19.52 9.50% 10 16.03 478 x10* 73.13 132

@p=—50.0 mV 19.22 7.23%X10° 18.61 5.47%10* 191.13 180

@p=—100.0 mV 18.70 1.13x 10* 14.86 1.15X10° 60.16 209

9p=—200.0 mV 20.20 1.14x10* 15.01 4.00% 10" 94.71 175
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Fig. 8 Surface morphologies of TCP conversion coatings under different film-forming conditions after 8 d corrosion in neutral salt

spray test

B9 AFNKHAL p FEERS ] T TCP # AR ik 2 X5 h JE vh 8 d J5 IR T B3

Fig. 9 Surface morphologies of TCP conversion coatings under different gp values and film-forming time after 8 d corrosion in

neutral salt spray test: (a) Film-forming of 300 s without PPM; (b) Film-forming of 180 s with ¢p=—100.0 mV

JE 180 s AR AE LR 25 B ik 8 d R IMFESL . th 1A
9 WL, ki g R A R S A TE] TR A Y
FACBE B A M S im e tt, AR, XX ZnS5Al
R P2 B A AL TR PR A M R85 M il 2 RE U P VR A 2

A SR

3 ST

3.1 TCP ¢ RAVIE S FZA0 Bkoh B AR VEIZE R
F 10 Frz A ZnS5A1 8% JZ 3R 1 TCP #5 AL IR i) 7
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Fig. 10 Schematic diagram of film formation mechanism of TCP conversion coatings on surface of Zn55Al1 samples after applying PPM
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Construction of Cr(III) chemical conversion coating on
Zn-55%Al-1.6%Si assisted by pulse potential method

PAN lJie, TANG Xiao, LI Yan

(School of Materials Science and Engineering, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: Cr(IIl) chemical conversion passivation (TCP) exhibits a high potential as substitutes for the environmentally
unfriendly chromate metal-surface pre-treatment methods. In this paper, Cr(IIl) conversion coating was constructed on
the surface of hot-dip Zn-55%Al-1.6%Si, and the structure and properties of the conversion coating were regulated by
pulse potential method (PPM). 3D topography, SEM, XPS, Raman spectrum, contact angle, neutral salt spray test and
electrochemical test were used to study the corresponding structure, composition and properties of the conversion
coatings. The results of micro morphology and roughness analysis show that the surface of Cr(IIl) conversion coating has
the characteristics of multi-scale micro morphology, and nano-scale particles and holes are distributed on the micro-scale
two-phase structure. The results also show that the application of external electric field reduces the micro-cracks and the
content of hexavalent chromium, accelerated the formation of conversion coating, and the content of alkaline hydroxide
in the coating increased as well. The contact angle measurement shows that the structure of conversion coating controlled
by the pulse potential method has more certain hydrophobicity. When the pulse square wave potential pp=—100.0 mV, the
TCP conversion coatings have the best corrosion resistance, which can improve the temporary protection of the hot-dip
coating surface. The external pulse electric field has a positive regulatory and control effect.

Key words: hot-dip coated steel sheet; chemical conversion coating; trivalent chromium; pulse potential method;

corrosion resistance
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