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Abstract [ Objective] The utilization of ductile iron pipes with cement mortar linings is prevalent in urban pipeline networks.
However, existing studies have primarily focused on the metallic corrosion of water supply and reclaimed water pipelines. Therefore,
this paper aims to elucidate the corrosion characteristics and iron release mechanisms of cement mortar linings in raw water pipelines,
thereby providing a theoretical basis for ensuring water quality during raw water transmission. [ Methods ]  This paper introduced
investigation of pipelines sections transporting surface water, groundwater, and mixed water, simulating the aging pipelines carrying raw
water of varying qualities via an improved biofilm annular reactor. Polarization curves and electrochemical impedance spectroscopy were

employed to explore the effects of chloride ions (Cl7) , sulfate ions (SO ), alkalinity, and hardness at various concentrations on the
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corrosion scales. Combining electrochemical and water quality analyses results, this paper revealed the corrosion behaviors of cement
mortar linings in ductile iron pipes and the associated iron release under various influencing factors. [ Results |  Increasing
concentrations of C1™ and SO? accelerated the corrosion tendency of the pipeline, reduced its corrosion resistance, and promoted iron
release. However, when the concentrations of Cl™ and SO were increased to 120 mg/L and 519 mg/L, respectively, the corrosion
tendency diminished, and the corrosion resistance of the scale was improved. Moreover, higher levels of alkalinity and hardness could
enhance the corrosion resistance of the corrosion scales. Notably, as alkalinity increased from 100 mg/L to 300 mg/L, the average total
iron release concentration decreased from 34 mg/L to 14 mg/L. Conversely, when hardness varied between 100 mg/L and 300 mg/L,
the total iron concentration remained within the range from 0. 5 mg/L to 1. 0 mg/L, and the corrosion tendency exhibited a trend of first
To effectively mitigate the corrosion of cement mortar linings in raw water transport

decreasing and then increasing. [ Conclusion ]

pipelines and prevent water quality deterioration, this paper proposes that concentrations of C1™ and SO3 should be maintained within

lower ranges, while alkalinity and hardness can be moderately increased.

Keywords simulated raw water pipeline cement mortar lining corrosion iron release electrochemistry
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Fig. 1 Schematic Diagram of Improved Biofilm Annular Reactor and Pipe Coupon Materials
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Tab.4  Alternating Current Impedance Fitting Results for Pipelines G1, G2, G3 at Different C1~ Concentrations

cr/ R/(Q+cm?) Qu/ (7" v em™ - s") n R,/ (Q - cm?)
(mg-L") 61 G2 G3 Gl G2 G3 Gl G2 G3 Gl G2 G3
3.6 152 151 130 3.3x107* 5.4x107™* 2.6x10™* 0.5 0.6 0.6  3.8x10* 6.5x10*  4.9x10*
54.0 112 53 41 7.1x107% 2.1x107° 1.2x1072 0.4 0.7 0.6  9.4x10° 7.4x10°  5.8x107
120.0 47 48 16 8.6x107% 2.7x107° 2.1x107' 0.5 0.6 0.6 6.6x10*>  5.9x10°  8.6x10°
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Tab.5 Fitting Results of 8, ,8,, and I, for Pipelines G1, G2, G3 at Different SO3~ Concentrations

S0%/ B,/mV B,/mV I/ (A« cm™?)
(mg- L") Gl G2 G3 Gl G2 G3 Gl G2 G3
20 0.36 1.01 0.45 0.12 0.13 0.17 4.03x10°  1.53x10°  3.16x107°
229 0.32 0.27 0.34 0.11 0.13 0.07 3.63x107°  1.26x107°  3.95x107°
519 0.22 0.15 0.32 0.14 0. 14 0.08 3.47x10°  1.77x10°  1.60x107°
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Fig. 7 Nyquist Plots for Pipelines (a)Gl; (b)G2; (¢)G3 at Different SOF Concentrations

R SREIS R RCDBR/IN | 5 0 S R o R R
Ko [RII n AEIE/N, BEWIIR)Z A ECE M2 21 T ROR,
oI R IHLBEARAS 17 ZFUIRES R, FEZ LIRS T,
JE ok P ) 5 B ) S R 2 AR T DT X ke
TR RO G 2 3, RSO3 7E 2 LR
B TXTARA AR 38, X T G1.G2 il

KUl R, (HFEE SO RBERIE NI , L1 SO
SN SN e e Y AT B R AR, SOT MR UK,
FEL 77 FEL R R L 9 O VYR A A B T 9 5 R i AR R )
PEAT B IS e R ], K R T R R )
T G3 R UL, 2 SOT MBI KRB —EHIM, R,
LB RS I AR RSO E AR



womLE

iy , AKX e, 45

DK 0 7K A T 7K TR SR PN A J o P AL R R o ) 3 Vol. 45, No. 2,2026

#6 G1.G2.G3 FEAF SO RETXREMMELER
Tab. 6 Alternating Current Impedance Fitting Results for Pipelines G1, G2, G3 at Different SO~ Concentrations

S0; / R./(Q - cem?) Qu/(Q7" = em™ ") n R,/(Q - cm?)
(mg-L")  GI G2 G3 Gl G2 G3 Gl G2 G3 Gl G2 G3
20 123 145 103 3.9x10™* 1.7x10™* 1.4x10™* 0.4 0.5 0.7  1.7x10* 1.6x10*  1.9x10*
229 109 136 101 1.7x107° 2.3x107™* 8.0x10™* 0.3 0.3 0.3 1.1x10* 6.3x10°  8.3x10°
519 97 129 97  3.6x107* 1.8x107° 2.7x10™* 0.3 0.4 0.4  2.5x10° 1.4x10°  3.5x10*
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Tab.7 Fitting Results of 8,, B., 1., for Pipelines G1, G2, G3 at Different Alkalinity

1574 B./mV B./mV I,./(A+cm™?)

(mg- L) Gl G2 G3 Gl G2 G3 Gl G2 G3
100 0.22 0.59 0.27 0.09 0.33 0.20 1.06x107°  1.87x107°  1.63x107°
200 0.32 0. 69 0.43 0.15 0.11 0.09 3.60x1077  6.02x1077  2.73x1077
300 0. 42 0.69 0.53 0.10 0.10 0.15 3.74x107  1.56x107  1.33x107°
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Fig. 10 Nyquist Plots for Pipelines (a)G1; (b)G2; (¢)G3 at Different Alkalinity
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Tab. 8  Alternating Current Impedance Fitting Results for Pipelines G1, G2, G3 at Different Alkalinity

I/ R/(Q+em?) Qu/(Q7 - em™ - ") n R./(Q-cm®)
(mg- L") Gl G2 G3 Gl G2 G3 Gl G2 G3 Gl G2 G3
100 411 1092 120 1.3x10™* 6.7x107° 4.0x10™* 0.7 0.8 0.6 2.9x10* 8.5x10* 2.8x10°
200 465 999 1183 6.0x107° 6.7x107° 7.4x10° 0.7 0.7 0.7 2.6x10° 8.8x10* 2.0x10*
300 319 1398 537 1.1x10* 5.7x107° 8.9x107° 0.6 0.8 0.6 9.8x10* 3.2x10° 9.2x10*
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Tab. 9  Fitting Results of B,, B., and I, for Pipelines G1, G2, and G3 at Different Hardness

T i, B,/mV B,/mV I/ (A em™?)

(mg- L™ Gl G2 G3 Gl G2 G3 Gl G2 G3
100 0.28 0.43 0.24 0.14 0.27 0.09 3.15x107  1.90x107°  1.18x107°
200 0.12 0.50 0.31 0.11 0.26 0.11 4.72x107°  8.00x107®  3.63x1077
300 0.41 0.75 0.42 0.18 0.37 0.10 5.52x10™°  2.30x10™°  6.93x107’
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Fig. 13 Nyquist Plots for Pipelines (a)G1; (b)G2; (¢)G3 at Different Hardness
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Tab. 10  Alternating Current Impedance Fitting Results for Pipelines G1, G2, G3 at Different Hardness

T r/ R/(Q - cm?) Qu/ Q7" v em™ - s") n R,/ (Q+cm?)

(mg-L7") Gl G2 G3 Gl G2 G3 Gl G2 G3 Gl G2 G3
100 210 142 810 7.4x107° 6.1x107* 3.4x10™* 0.6 0.4 0.6  9.7x10* 6.6x10°  4.5x10*
200 345 139 402 1.1x10™* 4.8x107* 1.4x10™* 0.4 0.3 0.5  3.6x10° 1.0x10*  1.3x10°
300 705 320 1474 4.7x107° 2.9x10™* 9.1x10° 0.6 0.4 0.6  4.8x10° 2.1x10*  1.9x10°
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