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Corrosion behavior of Zn in
simulated acid rain atmospheric environment
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Abstract: The corrosion behavior of Zn in simulated acid rain atmospheric environment was studied with a simulating
raining system self-designed, which can control rainfall and pressure close to the actual level. After zinc corroded in
simulated acid rain atmospheric environment corrosion time of 48, 96, 144, 192 and 240 h, the morphologies and the
composition of corrosion products, cross section of rust layers and the electrochemical characters of rust layers were
investigated by scanning electron microscopy (SEM), energy-dispersive spectroscopy (EDS), X-ray diffractometry (XRD)
and electrochemical techniques. The results show that the corrosion products formed on the surface of zinc have good
protection, but the degree of protection is limited, with the main product components for Zn(OH),, ZnSOQ,,
ZnySO4(OH)¢3H,0 and Zns(OH)sCl,'H,O. The protective effect of the rust layers is first enhanced, and then weakened
as increasing the corrosion time.
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Fig. 1  XRD patterns of Zn corroded for different times

Energy/keV

Fig. 2 SEM images of Zn after corrosion for 48 h (a), 96 h (b), 144 h (c), 192 h (d) and 240 h (e) and EDS spectrum of point in

Fig. 2(d) ()
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Table 1 EDS results of elements at different positions shown

in Fig. 3
Position Mole fraction/%

No. Zn 0 S cl Ca
1 49.34 50.66 - - -
2 56.96 19.98 10.65 7.48 4.92
3 53.93 24.05 8.86 8.43 4.73
4 51.31 27.97 9.09 7.20 4.43
5 53.08 37.97 4.62 4.32 -
6 48.52 38.73 - 12.75 -

PR RES SN BTt B 1 5 AT 3 A IR R TS
MIARA o TR AR P28 T 9 2 RV SE P28 T TR A
FHEFIN R A S A I g A A, DT, e
AL G Zn T e A AL BRI 2

3 RN RS Zn AR TS

Fig. 3 Cross section morphologies of

rust layer of zinc after corrosion for 48 h
(a), 96 h (b), 144 h (c), 192 h (d) and
240 h (e)



H25 %2 M

KRB, A Zn AERSADR R KA B8 AP A3 AT 0 379

2.3 HBAZESH

KA b S 5 A e A e R T ) H Ak 2
I, DRI AR 2 ke o B U i 2 45 ]
AT, ARAb 2t B FH ) 2 M ik SR Ve 2 —
K 5 Bk Zn AEAS) JEE il 1) R A AR AL i 2k« AL S
HH R A i 2 23 B0 FEE T AT (eore) ~ T TR 5 T (Joom)
R IH AR HEL I 2 (L) (TR 2 T 7, I 5 b [ F 388
JEHLAT e8GR, TRk Rk F R SRR SR O,
X B B T TR PR BE 0,  AREAR P S o,
AV o

SIHTRTREIR R, AR RO h) il 48 h AR

4 AR TR BRI R Zn K
IHI ] SEM 1%

Fig.4 SEM images on surface of Zn after

removing corrosion products at different
corrosion times: (a) 48 h; (b) 96 h; (c) 144 h;
(d) 192 h; (e) 240 h
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Fig.5 Polarization curves of naked and rusted Zn at different

corrosion times
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Table 2 Corrosion potential(¢..), corrosion current density
(Jeorr) and anode current density(J,) as function of corrosion

time from polarization curves

Corrosion time/h  @eo/mV  Joon/(RA-cm %) J/(nA-cm 2)

0 —851.0 18.6 8.28X 107
48 -839.0 12.1 1.98 X 10?
96 -829.9 0.845 9.02X 107!
144 -959.0 0.218 3.02X 107!
192 -1016.8 0.576 4.07x10™"
240 -1038.7 0.968 6.11x10"
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Fig. 6  Nyquist plots of EIS results of Zn corroded for

different time
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Fig. 7  Equivalent circuit of fitting impedance of Zn
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Table 3 Fitted EIS parameters of Zn

Corrosion R/ o/ R/ [ R/
time/h (Q-cm?) (F-cm ™) n (Q-cm?) (F-cm™?) 2 (Q-cm?)
48 48.8 4.23X10°° 0.765 270 4.12X10°° 0.806 3.14%x10°
96 10.0x10°® 7.68%X107° 0.362 2.08%10° 2.46X107 1 1.29x 10*
144 41.4 1.70X10°¢ 0.647 2.49X%10° 3.98%X107° 0.301 4.11x10*
192 6.63 1.94X107° 0.438 8.64%X10° 1.17x107° 0.861 4.57X10°
240 28.5 1.66X10°° 0.624 1.52X10° 9.34X107° 0.315 1.15x10*
50 Zn*"+S0,* +xH,0—>ZnSO,xH,O 4)
a0l ;: %ﬁ 3Zn(OH),+ZnSO,+3H,0—>Zn4(SO4)(OH)s:3H,0  (5)
R ' T Zn? A1 SO T AiTEERS, B T-HARBEK, %
301 GBS R AEE, HT R R B, IR
g 5l R~ FERE T Zn® Rl SO BT, SHAM
= X 55 B bR DX 1) 7 v S S 3 R R, A BH AR S BB 1) 1
107 Jeg b A R R 0 55, 48 8o i it A e e gk —
ol AR R R R R 25, S U s N RE R
. . . . s X1 R R TR IR 9T 45 PO R A o
S CIWRMIFE Zn M0 LT RPERE CIl

8 HILZEPHPUE S R ROR R, B ) (175 4E,
Fig.8 EIS parameters of R, R and R, as function of corrosion

time
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