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Abstract:  This study focuses on the corrosion scale and water present in actual drinking water
pipelines. The presence of heavy metals within the corrosion scale was investigated, the release behavior
of chromium (Cr) from pipeline corrosion scale was analyzed, and the impact of varying water quality
environments on Cr release at different locations within the pipeline was examined using a dynamic
pipeline circulation device. Heavy metals such as Cr, arsenic (As), and lead (Pb) were detected in all
layers of the pipe scale, with concentrations diminishing from the surface layer to the underlying loose
porous layer. The two-constant kinetic model effectively characterized the Cr release process from the pipe
scale, while the Elovich kinetic model demonstrated a secondary fitting performance. This suggested that
the surface of the pipe scale exhibited a significant degree of heterogeneity, indicating that the Cr release

process was relatively intricate and that the initial release rate showed a positive correlation with heavy
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metal concentrations within the corrosion scale. Based on the hydraulic simulation results from ANSYS,
the water within the pipeline was categorized into three distinct types: bulk water, steady water, and
occluded water. Under identical water quality conditions, the sequence of chromium release from highest
to lowest was as follows: steady water, bulk water, and occluded water. The water quality exhibited
comparable effects on Cr release at various locations within the pipeline. Conditions characterized by low

pH, elevated water temperature, and high SO, concentration facilitated the release of Cr. Furthermore,

% 23 4

the hydrodynamic shear stress expedited the release of Cr within the pipeline.
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Tab.1 Measured water quality indexes of pipes
1 H B CES FkZE A2

pH 7.76 7.11 7.83 7.86

R C 16.8 27.3 17.1 7.1
HLE/NTU 0.10 0.19 0.10 0.52
DO/(mg*L™") 10.09 6.89 10.05 | 12.96
TDS/(mg-1.™") 115.67 | 112.01 | 111.03 | 111.53
ORP/mV 379.4 | 364.0 | 4785 | 3442
HS%/(uS-em™) | 3213 | 2933 | 279.5 | 328.0
S0, /(mg-L™) 29.06 | 32.17 | 27.73 | 26.97
CI/(mg-L™) 11.87 | 1588 | 14.46 | 9.65
Cr/(pg L") — 0.386 | 0.844 | 0.225

1.2 EWHE

REHi ) 12 5T 5 4 8 2 XS T 1 AN 7T 3
PHE AR T IT R R 8 ) 25 S5, DAFR ST I ik
b Cr( VD) & BRI OB HOR A . 3 1 X 1
Bl 5 YRR LR g R B IR KB el 20
o/ L 5B RS R o Bl 500 mLL & B 530k
5.10.20 mg/L (Y58 BRI WL, ) FLrPoin A 10 g Bk
YR, T 8% S N AW 24 h 5 K E R
JHl1 0 - f7 R v R S5 5 A2 3 500 mL R 2lK kAT
AL, PRI E N 15 °C . pH N 7. 4.S0,2°M 0,
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Fig.1 Schematic diagram of dynamic experimental device
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Tab.2 Metal contents in pipe scales pg-g’
i H Fe Al Mn Ca Cr As Pb
7.78% | 4.30% | 2.02%
=2 161.99|48.78(42.66|26.23
10° 10° 10°
5.91x | 4.00x | 3.44x
il = 320.45| 3.86| 5.91| 1.93
10° 10 10?
FifAZ | 5.33x | 1.39% | 3.98%
222.19] 3.06| 3.20| 1.29
fLZ 10° 10 10?
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Fig.2 Cr release from pipe scales after pretreatment with
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different Cr(VI) concentrations

F 1] 238 F LA B, 98P Y Cor Y JEE B R TR
() 79 B TG O, LA 0 B s, G BEOES T
) 251 BT A I AL o R AR AT AR Al R
R R = AN BB 0~8 h Ay PR i B B, 4 I
4 Cr B MO A AR, DL SRy W] BE 2 A5 T vh LAAS
Tl AT SIS FIRIR £ 25 5 BT AFTERY Cr'® 0 X
F5.10 mg/L 1) Cr(VI) Fil4b BREH , 8~24 h Ay 12 1 fiff
W B Be L 20 myg/L 5 Aub B4 2HL f1 058 o Ak K2 7 B3 DU g 8~

40 h, LR BOE IR T Co BEGH 8 Z% . Pan 55 BF5E
K, G & KINR R AR S A& Criy
EL 3G, vT B8 %R ik — B BORE R EZERIE . 24 h
J5,5.10 mg/L 1Y Cr( VD) 75 42b B 20 34 A i V- 15 By
B, M 20 mg/L il 4b FRZH T 40 h 5 1 A i 02 P15 By
B, W B Cr e 8 n B W RS 4835 h Cr RS
Wit T ah P4, P Crvf AR E

Cr W RSk 8h 1 A B R 25 SR an 18] 3 i,
ESEILER3, FEAE AN T, Elovich 3 /1
25 R FRUH B ) 72 7 R0 e 605 35 U b Bz i A5
Yarh Cr B # , H P XU B sh 127 R 1 R2 1)
ikF0. 98 LU L HUARCR B AE,

= 2120

o g 90

~ e S olf

. p - CoRkE e - CrBREE
=20 iy 2 o e
£ 10 —Elovich s 0 30 =~ Elovich 2 401 £+
= - XEHEIERE S - X B

0 1020 30 40 50 60 70
t/h
b. 10 mg/L AL FEZH

01020 30 40 50 60 70
t/h
a. 5 mg/L FilAb BEZ

=

&p

2 .

& 150 — M= I
{é 100 —--Fl]qﬁg]ﬂjjﬁ’%*ﬁﬁ
T 50 - - XU HE AL A
|}

0 10 20 30 40 50 60 70
t/h
¢. 20 mg/L T Ab B 21

B3 CrevBmash hERBBEER
Fig.3 Cr release fitted by different kinetic models
®3 CrnBMs hFEBEMUSSH

Tab.3 Fitting parameters for Cr release Kinetic

models
5 A 5mg/LT | 10 mg/Lit | 20 mg/L it
1
b FHZH R FEZH b FHZH
o 0.039 0.039 0.004
=%z Z 0.027 0.027 0.004
" . . .
N R 0.854 0.854 0.857
o a 18.543 45.443 143.300
Elovieh 8 == 4938 12.201 38.206
o . . .
I R 0.926 0.951 0.964
a 16.945 41.388 130.974
XU ) 0.222 0.224 0.222
P ab 3.762 9.271 29.076
R 0.982 0.986 0.994

RH BT R W FR N Freundlich 18 1E 2, 2 & 56
BEAY 38 TR BN & 22 AR A B T 2nad 7
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Fig.4 Pressure distribution of pipe scales
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Fig.5 Water quality indexes of bulk water, steady water

and occluded water in pipes
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Fig.6 Release amount of Cr in bulk water, steady water,
occluded water and change in pH in the solution after
release under different initial pH
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Fig.7 Release amount of Cr in bulk water, steady water

and occluded water under different temperatures
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