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Abstract: The enamel coating was prepared from the titanium tailings in Panzhihua area and the electro—
chemical corrosion behaviors of the enamel coating in 30% HCI solution were studied using potentiody—
namic polarization curve ( Tafel) and electrochemical impedance spectroscopy ( EIS) .The results show
that the amount of bubbles in the enamel coating and the iron oxides-iron phase dendrite structures in—
crease and the island and anchor structures are obviously embedded into each other with the increase of
the addition of titanium tailings.The polarization curve E_ of the enamel coating in 30% HCI solution de—
creases with the increase of titanium tailings content and the corrosion rate increases.A large radius of ca—
pacitive reactance arc is found in the high-requency region of electrochemical impedance spectroscopy
Nyquisy and the diffusion effect can be observed in the lowHrequency region where the phase angle 6 is
near 5° and logl Z| ~logf diagram approximates to a horizontal line.The coating presents as pure resist—
ance with high impedance.Therefore the optimal content of titanium tailings is 8% ~10%.
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Table 1 The compositions of sodium silicon
titanate mixture %
1-3 . TiO, Na,SiFg  Na,CO; NaNO; CaF,
° 27.2 38.8 3.7 47.4 5.1 1.3
43 o ~ ) ~ ~
N . . N N 2
Si0, 32% ~ 38%- TiO, 7% ~ 850 C 1h
10%V,05 0.6% ~0.9% . Co 0.04% ~0.08% N 1 250
0 ~1300 C 1~1.5h
N N N 130 C
N N N =200 (74 pm)
Q235 ‘. =98% 3,
2
Table 2 The compositions of enamel
. glaze mixture %o
Co( NO;) , Ni(NO;) ,
26.2 8~14 29.3 20.2 1.4 0.4
o Na,CO; Na;AlF,  NaNO,  CaCO, Zn0 CaF,
( Tafel) 4.7 2.28 5.1 0.3 0.4 3.1
3
E.. boor Table 3 The chemical compositions of
7.8 enamel glaze %0
( FIS) ’ Si0,  ALO;  Ca0 MgO  Co,0;  TiO,  Fe,0,
66.23 5.37 3.17 0.44 0.82 3.83 3.62
Na, O K,0 MnO NiO CuO V, 05 Zn0O
10.48 0.26 0.12 0.23 0.14 0.06 0.04
Q235 40 mmx50 mmX1.8 mm
720 °C 20 min
. 910 .
820 °C
12 min .
1.2
o N 10 mmx 10
1 mm  Al,O,
1.1 PVC =
4:1 24 h o
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Fig.1 XRD pattern of enamel coating
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Fig.2 SEM of enamel coating and interface
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Fig.3 SEM of enamel coating after corrosion in 30% HCI solution
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( 4) Ecorr_logi( A/sz) 6
logi( A/cm?)
7k
- v=3.27(A ¢ i.,,) /Sx(n * d)
T
o £ 8r 10%
S( em?) d 5.65 g/cm’ < o
S ol
A 1x10° g/mol; =
. 10
n  2v mg 140, 12%
* (Cm2 ° h) - 4, 11 1 1 8% 1 1 1
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8% 14% Ecorr Potential/V
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em”’ 7.24x107° pA ¢ em™ Fig.4 Polarization curve of enamel coating

o

in 30% HCI solution
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4 30% HCI E.. i..
Table 4 E_,, and i, of enamel coating with different amounts of titanium tailings in 30% HCI solution
E IV logi/( A * em™) S/em? Geon /(WA * cm™?) v/ mg* (cm? *h) ™!
8% -0.613 -8.35 1.214 4.47x1073 1.06
10% -0.609 -7.94 1.226 1.15x1073 2.71
12% -0.687 -7.55 1.218 2.82x107 6.7
14% -0.787 -7.14 1.216 7.24x1072 17.2
30% HCI 48 h . Na" K"\ Ca™
CHI660E
( EIS) . 3.06x10° Q *
0.01 Hz ~100 kHz (A) 0.005V cm’ 2.21x10° Q * em’
(Q) 2s 5 o “ . Bode
5 30% HCI 0 64° 0°
48 h logl Z1 ~logf
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o Bode
(A o
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Fig.5 EIS plots of enamel coating in 30% HCI solution
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R(‘,t
Zsimpwin
R(C(R(QR))) (Cre) i
(CR) 6.7 Si0,
. 7w
Na®. K" :
H* Z=R+1/{1/Z, +1/ R+1/(1/R,+1/Q., ) }
+1/Z; +1/Ry (1)
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Fig.6  Fitted curves of electrochemical impedance spectrum
Cy C 5
y—| |—| ,—H—‘ R, 1.47 kQ) -
—4/»—‘ CPE ’> om? 0.37 kQ * em’ R 819
R
’ L] 2 L] 2
—Av/‘v—|_/\/\/_| kQ * cm 4437 kQ * cm
R. p R R, 1.27x10* kQ * em’ 421
d . 2 . 2
R(C(R(QRI)(CR.) kQ) ¢ cm 0.004 8 k) * cm
HCI o
Rs i Ca
: Cop ( con— 8% ~10% n=0.04 0
stant phase angle element) ; Rc T R, o
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Fig.7 Equivalent circuit diagram i
5
Table 5 The fitted value of equivalent circuit components
Sarl R,/ Cpul R./ Cop/ Cyl R,/ R,/
ample (kQ+em?)  (pFeem™?)  (kQe+em?)  (pF*em™) " (pFeem?)  (kQ-+em?)  (kQ -+ em?)
8% 1.47 3.46x107* 819 0.058 0.04 2.66x1073 1.27x10* 55.24
10% 0.77 4.27x107* 972 0.42 0.04 1.74x1073 6.70x10° 50.29
12% 0.54 2.46x107° 2 383 0.78 0.76 2.81x107* 6.89x10? 41.13
14% 0.37 5.86x107° 4437 0.91 0.23 4.13x107* 4.21x10% 24.46
3 Fe-V
12% 14%
14% o 30% HCI
0 V.Ti E
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