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Abstract: This study established a static simulation experimental system, using sodium hypochlorite (NaClO) as a representative
disinfectant and iron-oxidizing bacteria (IOB) strain LSS-1as a representative corrosive microorganism, to investigate their combined
effects on total iron concentration, corrosion rate, electrochemical characteristics during corrosion, and physicochemical properties of
corrosion products. The results indicated that the coupling of NaClO and LSS-1 promoted the corrosion of cast iron coupons. Under
the condition of LSS-1 with 4.00mg/L NaClO, the corrosion rate after 30 days increased by 0.06mm/a, and the average total iron
concentration increased by 5.76mg/L compared to the condition without LSS-1 and NaClO. Under the coupled condition, the
self-corrosion potential (£,) shifted negatively, and the current density (/;) increased. Furthermore, the main corrosion products
generated under the coupled condition included a-FeOOH, S-FeOOH, y-FeOOH, Fe,03, Fe;0,, and CaCOs.
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Table 2 Analysis of corrosion rate of cast iron coupons under

different conditions

N i) J i R S 1 ST
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1 0.75 0.55 0.76 0.68 0.68 0.10
KT
2 0.79 0.70 0.64 0.77 0.73 0.07
(6=0.05)
3 10 0.80 0.79 0.68 0.76 0.76 0.06
F=2.74
4 0.75 0.88 0.74 0.86 0.81 0.06
P=0.07
5 0.84 0.79 0.80 0.86 0.82 0.03
1 0.28 0.28 0.26 0.19 0.26 0.04
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2 0.28 0.25 0.28 0.31 0.28 0.03
(6=0.05)
3 20 026 0.27 030 0.35 0.30 0.04 F=1.85
4 0.27 031 0.37 029 0.31 0.04
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5 0.35 030 0.35 0.29 0.32 0.03
1 0.19 020 0.20 0.22 0.20 0.01
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5 0.24 030 0.24 027 0.26 0.03
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Fig.4 Total iron concentration in corrosive medium under

different conditions

2.4 BRI AL AE R

Kl 5(a)f1%& 3 i, 10d W, J6 LSS—1+0mg/L
NaClO £ N Hudl 1) F S il LA (Eo) i -723.502mV,
JE il R B E (L) A 9.55%10 CA/em® AR N LSS-1
KA R Ey H-726.644mV, I, 1.08%10 *A/em?. A
I, 8 N LSS—1 48145 Eo 0188, H. 1o 386 K, —0 Ui T
LSS—1 X J& i A R A FH A0, [ B 25 I NaClo Al
LSS-1, 3 AR O AE AT Eo 5088, 1o 386K, 165 ikt
FWK FEIRE ] T NaClo fl LSS-1 A& 1 H ety
HEE J ol LA UG NaClO ¥R 8 e, e kA F i 2.

Wil 5(b)F1 3 Tz, 55 10d FI1E S 4BL, NaClo
I LSS-1 JLAEmt, Ey 5188, Io 9K, J6 ko), H.
NaClO ¥ F52 Bk vy, Jig Tk ™ .



1412 A 46 1
-550.00 . L - NN
(1) JFELSS-1+0 mg/L NaClO (a)10d ﬁl] 6(3)1:”%% 4 F)?ZR,S *EP%/{L-F‘FE(JQYJﬁBEﬁ
(2) ——LSS-1+0 mg/L NaClO ) . . N N o
s0000f (LSS 1100 mut Naclo iy T P25 p e AR SRR A0 X2 T 5L 0,
- .00 mg/ a -
(a0 meL Naclo HH s AR 28 v A P A B () B s X A P
-650.00
_ JER ) LSS AEJ b )2 1T AR A SR
70000 AR 7 4 R AR AT O T AR A DX 25 B 9K by /L A
-750.00 % 7% 7@ 9% .
X EE R(HF I FEL B )« R FELFE) FT R (B2 A0 FELFHD),
-800.00 . v v "™ N
KIL R 3L KT Rev Rop VW Re 75 il B i
Y- HH
#0005 -6.00 -5.00 -4.00 -3.00 FEZAE.
Ig I,(A/em?)
-550.00
1) FLSS-1+0 mg/L NaClO _y ®30d 12.00
(2) —— LSS-1+0 mg/L NaClO @®10d
600,00} (3 —£—LSS-1+1.00 mg/L NaCIO ) 900
T (4)—0—1SS-1+2.00 mg/L NaCIO o (3) <
(5) —0— LSS-1+4.00 mg/L NaClO R 600 £
-650.00 8 0') 3.00 '
ﬁ mﬁl‘ 0.00
’g LSS-1+4.00 mg/L NaCIO
;é +700.00 gr . LSS-142.00 mg/L NaCIO
LSS-1+1.00 mg/L NaClO
-750.00 LSS-1+0 mg/L NaClO
& LSS-1+0 mg/L NaClO
0.00 4.00 8.00 12.00 16.00 20.00
-800.00 N
6.00
000 -7.00 6.00 -5.00 -4.00 3.00 ®30d
Ig I,,(A/cmz) 4.00

5 ARG A i 2
Fig.5 Polarization curves of cast iron coupons under different

conditions
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Table 3 Polarization curve fitting results table

WiE)d) 415 Ba(mV) fe(mV) I (Alem®)  Ey(mV)
1 69.4774 6575216  9.55x10°  -723.502

2 53.86479  57.81114  1.08x10°  -726.644

10 3 52.93438 6253185  1.85x10°  -734.658
4 5551238 7846142 245x10°  -741.917

5 63.36772 68.5366  4.52x10°  -751.159

1 86.03262 35.5429 1.75x10°  =720.053

2 68.84235  59.04675  2.50x10°  -723.144

30 3 50.09295 8050762  3.33x10° 726975
4 757374 70.05678  5.28x10°  -735.182

5 5237765 5428556  1.98x10°  -747.818

30d I, 75 LSS-1+0mg/L NaClO <14 NI Eg A
~720.053mV, Iy K 1.75x10 °A/em? b 10d I Eo Fil 1,
YR T 3.449mV SN T 7.80x10 *Alem®, ) L
SIS 3 5 T R AR, X 5 b R 1 4 R
[ REb, AR 4 E R 30d 1 Eo 33l EE 10d 8K T
0.48%- 0.48%-. 1.05%-. 0.91%. 0.44%, W UF5L T i%
gEip.

g
&

N

ol

2.00

0.00
LSS-1+4.00 mg/L NaClO

LSS-1+2.00 mg/L NaClO
LSS-1+1.00 mg/L NaClO
LSS-1+0 mg/L NaClO

& LSS-1+0 mg/L NaCIO

000 200 400 600 800 1000 1200 1400 1600
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Fig.6  EIS of cast iron coupons under different conditions

J& LSS-1+0mg/L NaClO 411 F,EIS & B
7 Warburg I G (fRAR X L ILAT AL 45° 1R} 1 2k),
T8 AR K NaClO [4E I, B bR 26 1T AR T %,
AR T A B Tl = L, 5 B LA 2
B2, J05 T s . PR S R AN B2 LA e R i T 3 H
AR THT (1 LA 27 2 R 2 A A5 v v b T O AR
JE o R G i ) — 2. LSS-1+0mg/L NaClO
ZAT R, Res Rop Al Ry BIFRAR, K W] LSS-1 BEME ik
e k.

B LSS-1 Ml NaClO 414~ ,bfi% NaCloO ¥
FERIHE R, Ry FIl Re FEAK, 2 H] NaClO 1 LSS-1 #
A 5 HE— D BT R o e, HwR R R JE ik T
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AR 3K 55 T T PRI A4 SR — 3. LSS-1+1.00mg/L
NaClO 5F ' Rye I3 30 1 J5 DA A fig A2 $m
NaClO #3387 ¥ 4r 2E L AH ClO [ A Ak 1 X
WERT R BEMORE, B HoE R LSS-1+
Omg/L NaClO 4:1F T K.

Wi 6(b)F1E 4 i, 5 10d I, JE kil 72 o
FBE 1 Ry #5551 NaClO Ji7, NaClO #11 LSS—1 4
G Ry Ror F1 R 0 BRAIG, HBEAE NaClO
R TS R O, 85 b 3 348 R, 1 B 2 1 5 ik .

30d AT X A2 PToI R 2 il B A b, 150 A A
T I TR T %, A T AR A A A
B UL % S BT =) AR Ak T 0T

k4 SFEWEEIS HEHHEBUMEER
Table 4 Equivalent circuit fitting results of EIS for each

experimental group

I ] 5 R, CPE1 ., Ryt  CPE2 . Rt
Z n f n dl
() Q) (8sY) Q) (S*s) (9]
1 450 4.74x10°% 0.7225 587.7 1.70x10° 0.7825 2703
2 444 9.65x10°% 0.7041 4204 1.71x10° 0.6810 2609
10 3 435 1.93x107 0.5977 453.6 1.59x10°0.7204 2527
4 425 8.19x10°% 0.6581 365.3 3.11x10° 0.5457 2193
5 378 4.54x107 0.5495 4283 1.43x10° 0.6361 1863
1 451 1.43x10° 0.7001 504.3 2.28x107%0.7430 1697
2 445 1.18x10° 0.7074 373.1 1.67x1070.6896 1487
30 3 427 1.81x10° 0.5204 2354 1.75x10720.7398 1291
4 367 4.12x10° 0478 227.4 4.07x1070.7760 1204
5 255 1.23x10° 0.5745 212.9 2.36x107 0.8353 1157

2.5 Bl B R

251 fOWESH WK 7 Bion, K LSS-1+0mg/L
NaClO 4% fF & J& ol 7= ¥ & B % AR /> Bk
(Fe;04) P LEHIR 45 4 (a-FeOOH)** 7, H 44 /b &
[ Fi R 45 44 (y~FeOOH Hl Fe,05) 2 *; LSS—1+0mg/L
NaClO 41 A 1R % R 5 (Fes04)™ ), LK AR
ZEPIR G T (a-FeOOH), IR 45 (y-FeOOH Al
Fe,05)li% 5 #%2; LSS—1+1.00mg/L NaClO 414 F, &
] LG H A BRIR (Fes04) Fi IR (y-FeOOH Fl Fe,05),
I FLIGIN L T #4R 45 1 (B-FeOOH)™; LSS-1+
2.00mg/L NaClO Z&AF 7 B 1 b ) 3 EEA R/
BR(Fe304), 1047 — LR ) (a-FeOOH) 1 1 4R 1™
Y)(y-FeOOH F1 Fe,0;); LSS-1+4.00mg/L NaClO 4%
PETR 6 ko M) AT R /N BR (Fes04) « #RIR A4
(a-FeOOH FI B-FeOOH)P*" LA K& Fr ok 5 4 (-
FeOOH #/ Fe,0;).

B 7 AFEZME R 5 SEM El(30d)
Fig.7 SEM of corrosion products under different
conditions(30d)
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NaClO 1 LSS-1+4.00mg/L NaClO &£, 9 Fft s A
a2k 75.65%. 75.47%. 70.83%. 67.09%
F1 61.86%, 5521 7 LLIAIHE 60%.3X 5 F St AH A J65 T
W) R A RS E [ 43 A0 A2 BE RS R JEE ik R AT
X4 el 5 Fi SCAH R

JG LSS—1 HI NaClO #5256 4541 N J o™= H i)
o~FeOOH HI Fe;0, W d5z iy, HUEE IR A BURRE B 8 K, 158
WY R PR 2 R 6 ot R e v, U W 4 T TR S ol
PSR IE RS T AR E 1. .NaClO F LSS-1
)G o-FeOOH Al FesO4 (5 LM 75.47%/0 4
70.84%, p~FeOOH Al y~FeOOH & /7 Ltb M 8.08%
HOK 22 13.46%, MU I 52K 4 v AR 19 5 s i, 5 ) 6
Tk, A EPUE T T SC NaClO R LSS—1 #4445 1F R 65 ikt
IR BRI 2 A0 JE = ) rh CaCOs K8 T-/K
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Fig.8 XRD of corrosion products under different
conditions(30d)

5 AEFZGETEHYRKER (%)
Table 5 Crystalline compositions of corrosion products under

different conditions (%)

)5 1 2 3 4 5
a-FeOOH  33.59 33.66 31.62 29.92 27.20
f-FeOOH 0 0 5.81 5.24 4.87
»FeOOH  8.00 8.08 7.65 13.16 19.92

Fe,05 8.35 8.40 8.12 7.42 6.79

Fe;0,4 42.07 41.81 39.22 37.16 34.66

CaCO; 7.98 8.04 7.58 7.09 6.56

253 JUEAM WK 6 w5 ALK b h e
Y ) Fe o & & i s I T 92%,3X /&
T B BRI A .S Ca JUR T Y
KT 1% HLRT0E G /T 1% 0050 b5 LSS-1
HINaClO I J& ol #)h Fe TG 3 & S8 AT F 1%,
HEMJE 35> p~FeOOH Al y~FeOOH 4 A /KH iX 55
RUSCH K B ERIR B ARG LL K2 XRD 5 AW 75.Si
TG 2% O 40 1 J R HE I 2 I Bk A e T
SH Si JCER B IR A KR IR R T
Si0, WPk R 1Y fB4E XRD 43 #Hh, I
AW H B R Si0, REAEVE, iT BE R A 7= A2 Si0,
AR ARANRE A A BE . WS AT S 0 e gl FLAth
b= 0 AR W 55 P Bk 2 AR N LSS-1 JiF P
JCE TR AENEIE T LSS-1 ME g
LA R A EPOLS SEEAEMA NaClO J& 4 i

Wb Al RE R AL TE ClO K I = ity S ki
WP SEUS = h S S SR N R kAT
DL, LSS—1 11 NaClO ¥3J2 52 i Jig ih gb F, PR 5 R 15 14
KT JE s R I Hos 7 6 il = 45 4.

®6 ARFHTHEKERRERMAYHETES %)
Table 6 Proportion of each element in the corrosion products
on the surface of cast iron coupons under different

conditions(%)

JLH 1 2 3 4 5
Fe 93.51 93.26 93.16 92.52 92.88
Si 3.33 3.38 4.44 4.64 4.62
Ca 1.89 1.54 1.13 1.73 125
Mn 0.396 0.395 0.346 0.378 0.39
P 0.0487 0.312 0.303 0.3 0.276
Mg 0.137 0.115 0.135 0.159 0.131
Zn 0.116 0.084 0.106 0.0956 0.128
Cl 0.0115 0.0334 0.0473 0.0555 0.0604
S 0.265 0.289 0.0541 0.049 0.0581
Dy 0.061 0.081 0.088 - 0.037
Al 0.0125 0.0234 0.0397 0.0291 0.0316
Tm 0.0345 0.0258 0.0436 - 0.0244
Ti 0.0122 0.0119 0.0184 0.0191 0.0233
Tb 0.0335 0.0388 0.0342 - 0.0218
Th - 0.0141 - - 0.0118
Cr 0.0029 - 0.0077 0.01 0.011
K - 0.0109 0.0106 0.0073 0.0107
Ni 0.0073 - 0.0127 0.0127 0.0116
Cu 0.0061 - 0.0107 0.0141 0.0056
Sr 0.0061 0.0044 0.006 - 0.0045
Na - - - 0.319 0.104
\% - 0.0021 - - -
Nb - - 0.0038 - -
Sm - - - 0.0211 -

e RN AR,

3 it

3.1 NaClO 5 LSS-1 & 1EH S e gk sk v
() ) . & LSS—-1+0mg/L NaClO. LSS-1+0mg/L
NaClO. LSS-1+1.00mg/L NaClO. LSS-1+2.00mg/L
NaClO 1 LSS-1+4.00mg/L NaClO 4444 F, 10d f)°F
18 ehid 2R 43 )4 0.68, 0.73, 0.76, 0.81, 0.82mm/a,
20d I} 43514 0.26, 0.28, 0.30, 0.31, 0.32mm/a, 30d I
239124 0.20, 0.21, 0.22, 0.24, 0.26mm/a.

3.2 JlAII(10d BT ) 3 8 i ZR AR R Bt A I [R)
R EETEAC, 5 FIET 20d B34 J lud % L
10d B2 53 R F% 61.76% 61.64%- 60.53%- 61.73%
F1 60.98%, 30d IF34 i L 20d 43 1 %
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23.08%. 25.00%-. 26.67%- 22.58%% 18.75%.
3.3 NaClO 5 LSS-1 f&VEH I, S8kl B 7, 5
T % A1 T 1) R R B B KA 4 il ok 9.12, 12.56,
17.22, 18.31 i1 19.30mg/L.

3.4 NaClO 55 LSS-1 & AE AT Eo 5185, 1o B,

g e R 1 K HLATT AR NaClO I3 ey A2 0B 4F
Ik

3.5 NaClO 5 LSS-1 Hlié £ hnid e % i ik 1) 3= 22
HLHI A NaClO {23k Fe S84k 0 Fe®', 0 LSS—1 (IZEAF
ARG LA T I8 b H Ak 27 RN G2 4 1) S ) 4
FHL-E— 25 e T4 14 g .

3.6 NaClO #i& LSS-1 1EH Rl a £ 54
a-FeOOH. [-FeOOH. y-FeOOH. Fe,0;. Fe;0,
H1 CaCOs, H. ~-FeOOH 1) 75 £ B NaClO ¥ 5 (1) 14 K
M, 1M a-FeOOH Fl Fe;04 & & A Kk L.
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