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Research on problem of scale deposition of Cu pipe in environment
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Abstract; A layer of calcium carbonate incrustation was deposited on Cu pipe accelerated by electro-
chemical method in direct drinking water system environment. Combined with chronoamperometry, scan-
ning electron microscope ( SEM) and electrochemical impedance spectroscopy ( EIS), the paper re-
searched the effects of Ca>* concentration, surface roughness and deposition time on deposition rate, nu-
cleation mechanism, morphology structure and corrosion resistance. The results showed that the higher
the Ca>* concentration, the sooner the deposition rate, the structure of calcium carbonate is gradually
changed from calcite to vaterite. The deposition time shortened and crystal inhomogeneity increased with

the increase of surface roughness. The polished Cu has obvious and progressive nucleation mechanism.

The surface is gradually all covered by scale with the increase of deposition time. The electrochemical im-

pedance test indicated that the corrosion resistance of Cu pipe decrease first and increase later.

Key words: direct drinking water; Cu pipe; scale deposition ;corrosion

BEYOK o T BA P 7 i g R R T
A SAMRRRAEO0 AL, TE TR B R R ok, BiOE
FER B KT TR, BEFE I A N RA TG
KR R, EPOK RGUE MBI oK B 45585,
BRI ER Y L KIRVIRUR HOK R 4
) SRR () R — , LAY e 6 /K A8 1Y 2 A s AT F
AFEFE . B, KR LR 2 SR I A 8%
AT AR )N, 38 s 7K BEL ) 5O, A8 T A B 26 T
PRI TR, 23 003 JE ek, 260 ] P okt 22 L B
PERE, P A R AR R, ARG Ab 23 A 20 TR R
B, AU P, 16 23 B iR 254 F 9 5, 3m

WS BHA:2014-02-17; {&[E HEA.2014-03-24

ESWB : [{RKARPL AT H (51222106)
EERN:

KBS, fE T OK BRI 4 4, X BE i ol
Yk 2 Bl 1 R 7K I 3 R [ B A 2 T 9% 1 K
JoT i A7 R g L LK R AR K T
HHN4 U BRT, BN T T ORI I
RV SC IR R A o8 $R 38 o 10 1R 3T B RO R 58
R SR A H A RS E R O
ARG T, IR M E A e R, B
5% 7 1E— 2 fifi ] Na, CO; Fil CaCl, fitiii] CaCO, ¥,
TEAKAE A BE R 58 K IR T AR Kralj 28 A
fift FHIE 2 R BT SR S DR ) S BR S 454, T
FRUR 3R 5 3 A0 R BE 1 7S RO BRAE Ll o SR 1) 5 4 R

AT (1989-) 3, ZBIEREN WL OF S A, WK IR 15 4 S I i iF 72

BIREE  FT7(1976- ) , 4, PR, 1, 20z, FRONFOKIRGE 15 e 5 B w5 B o



4551

B EOK RBERBE P TEASDUB R 5 197

ER AU 23 B R b A i) 48030 Dt ao A, 50 K I it 4%
ZALN L TR R R 20 K I AR R A R
R (B P KB A R SR ik
AR EFERT HIA T ZH Na" 1 C1” B+, 5
SR EMOK RGEA KRR ER . Il B ik
Th s P R ER pH (RN # UL R . Devos 7145
NI A 5T T 9 T K SR DL B2 0, A
Yy A4 5 R TEOC, M A K A2, ]
WRHL Mg S0, BT KRR, I B AE
WHRRIRES th 7 it B SC A sk Se A

AR SO E AL 2 N U A T S T Ca®t
B S T RURE B AT AR )X K 3R TR A 56
[R]RE R, B 0 X AR ML EE 52 i R 2 T R 1)
NI, S 3R ELOK 2R G0 10 78 N e i 4 A 2 A 2K
PR 5SHLTR S
1 SEUSAE RS i1k

SRR A Tl 2l , AR I T AL 1 em x 1
em x 3 em AYRE, B FHERSE S B 250 1 1 em?
HEATSCE , SRR AT B J5 , PR S HE e R, 25
BRI E, B IR T . LRI 2R CaCO,
BRI AR LB 1K, SR E A CO, Ak,
WP AEAE DL A

CO, +H,0 == H,CO, (1)
H,CO, ==HCO; +H" (2)
HCO, ==C0,”” + H"' (3)
Ca’" + CO,”” ==CaCO, (4)

W% CO, Byl A, RNE(1) . (2)  (3) H 4 #
2y PR HT R pH RRAG, WS (4) 9178 i
1, R A R A i it o TR LSS U B
HE, SRR B CO, B, pH REFE 7.0 /2
A1, 1% CaCO; AR, TR SE5

PR b 2 S 6 T Dy S T BT 2 ) A Y
VMP3 Z5a 18 H Al AR, R = il i 2%, 41k
B TR, B R A O i B8 LA, A R H R R R
(SCE) MRS LAl o K3 UTAR AT, Ao i L A3 e i
=2.5 Voo BN, AL BRI R I A B4, R
JEFFANIN = 1.1 Vigep B BB B A, X680 T 28 A A FR
PR -

0, +2H,0 +4e " ==—=40H" (5)

ISR AT P A R TR )R X8 pHL T i, SR (3)
FEA HT BRI, BR COLTT TE L R R T
Ca®" RAVUR, SEH BTN K 100 kHz £ 10

MHz, Bl E 5 AR IE R 10 mV [ 1F %3 i &, fi#
FH Quanta 250 I BR 5% 39 4 B 85 X6 /K 5 B 30 3 47 00
£ LB X R 28 T R T 4 A B

2 RS S W

2.1 Ca’" iREMIT

B THIEARR Ca®* B T R rBIm AL
ek, AR , & A AT & 220K, B i 14
FHA R E MR E M, a3 B, X
A NIARGERRARIX , KRR AR

2H,0 + 2e " ==20H" + H, (6)

X B ST — AR G X TR R
BRI T, BRSSO 8 e SRk X3 C oy
SRR, B EATS A (5 ) o Fi LA, W] LORHTUAR
PIBGE N — 1.1 Ve, BHLAE T BERITHAE O, Thim 5t
1 pH, SRR T H, B KRB s m e

061 & )
—o— 0.15g/LCa™
—— 0.30 g/L Ca™
—— 0.45g/LCa”
£ 04k
Q
<
g
2 -0.2
0 -
-2.0 -1.5 -1.0 -0.5 0.0

AL/ Vi,

B $ERRIERRE Ca’ ' iR AL i B BAARARAL il 2%
43514 0.15.0.30 F10. 45 g/L AL FR A L 3 it
2%, FL U 2 B e 1 Fa B BN S LY Ca-
CO; 2R 78 56 A F AR R ITT

-0.20 —0— 0.15 g/L Ca™
—— 0.30 g/L Ca™
—— 0.45 g/l Ca™

-0.15

L/ mA ¢ cm”
[
=

N
0.00 | \ N > S
0 1000 2000 3000 4000 5000

SRR ) /s

2 AR Ca’" iREE A PR AR K IR TURR B T R R %




198

PN TSRS S N S O 14

2014 4

TEA5 IR A0 v ] X R B4R B, HERRER I
AT 280 e S 1 R ST N st T2 1 I
F Ca® " BT Uk BE T im, Jeh 0RO A 3k
AU, Br LU S (4) , DUAR R B B 2Rl R
B, o, W, SRR BT AEIEA R 0, BR Ay L AT
TERBIKIGZAFAE — 2 B FLBR, 40 nT 3 o i 26/ fL
ARLLY A R FRATA IR, HL Ca® " B TV B B AIR %
AR, K3 B P

SEAIE] Ca®* ¥k N U R 58 WS 1 B S AT
SEM ( Scanning Electron Microscope ) WL2%, tn & 3 fif
MRo M Ca R 0.15 /LI, CaCO; KT 4144
Fa, A I /N e 3 22 0. 30 o/ L B, b AR B g 44

(b) Ca® ¥ Ji£ 0.30 g/L

KB T AL ah 8 kT /& ik i Bk
SCALER 3 7E 0. 45 o/ L i BRSCA St — A3,
T B PE AR B 7 M A 3 OB, T s v P 3R S
U,

TEIL , A D EEXTRERES A 25 A8 AR AV E— B IA
FEgl o 4 A Szud ik £ 3] Y = Fb S 700 (1) 5 A 25
¥, AR 7S AR, RSHTE 5 ~ 8 m; Fr J2 00K 9 25 1
A, — BN AR 4 pum DU 2BBRIRIEIRIR, /N R 4
~8 wm, JFEFA I Ca: C: O = 15 1: 3 JEH R4
h CaCO, o HHAETMRN N 7 fif A, J5 —Fh ) S Bk SC
A1 o ARSCARIER 2 A [R] B A AR IR IR SO 254
DR ST RATTRBEAE 60 C L EA SR

€ 5,

o] SRR 30u
(¢) Ca" K J¥ 0.45 g/L

3 R[] Ca® R BEVR WP B ORI LR (19 SEM B33

307 () ca 3017 () ca
2.4
~— | ~—
5 518
M N
'”I 18 CK | 1595 1.2 e CK | 1953
OK | 5465 OK | 4559 OK | 5780
CaK_| 1904 CaK_| 1540 0.6 Cak 1979
P AkAu e Cufy Av L
6 8 10 12 14 16 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Energy / keV Energy / keV Energy / keV

4 3 i UL AN [ 25 R R E (X 1 S5 A

2.2 REEKENEMW

CaCO, 7E4RZR1E 1Y TE 18 T S A %, 3Rk 2
Z FIRRE R A B 2 IR A A5 i 1T R 2 v KL
P s R B I RN R A
5 WARFRRREE /2453 800%  1500% Wb 48 FT 1 K MUK
A HR S ) FE T =4 AL, T LUE B R A
SYMER BN, R R 2243 3l 9. 671 .,6. 102 1
2.214 pm,

it A [v] % T HLRE JEE A0 4 76 Ca® " We B R 0. 30
o/ LAYV 2R A7 /K IR DO, 1 Aot Al 37 i £k O
6, HIEIAT I, R THDHDRS B B, DB ), e I
FESDOC AL B L T R A, 78 11 000 s J5 A i
SE4e Bt s T HABA 4 000 s 2245, AT, Bl
FEURE B2 19 T B, 100 8 3950, e S 8 H
22 N, 1 BH 2 1R A T2 B 5 A 2 USR]

5 ARMEBERRERRA=SEENFERA



R 5 ELOK RSB A K IR DU R 5 199

555
0.30
—o0— 800447 %

=025 1R —o— 1500441 5
S R —— Ot Ak FE
+ -0.20
<
g
@ 0.15 .
T 2010

0.05

------ C0000 PN

2600 3000 4600 ‘ 12000
VU TH] /s
Bl6 TEAEENFEREO.30 /L Ca*”
A K YR I AR BT B ERL I A A%

0 1000

(a) 800°

BEAh B O b S 3 A R i 2 AR TT
GIRE RIS (NI A NI POk o ik e
VA1 HH L A AL A 5

W IR 1A%

;72 - 1'3?“2[1 ~ exp( - 1.2564 ti)]2 (7)
J%?iﬁm‘z ’" ”’

2 - 1‘5354[1 - exp( -2 3367(;)2)]2 (8)

Aorfe TOETE R ¢ B HLI 5 1, R RS R L DA Y F
W5 1, RO N Y s ]

X 6 Hi s e A, H20(7) L (8) —ilEfE
H(/Im)? ~ t/t, R ML, MK 8 iR, ATLLES,
R 5535 S AZATHER FEAS W) &, U6 R S A L
il o SEM Mgt —2LUEBA T Ibahie, ik 9 i, Ui
SRR B K IR 78 TH 9 7K 5 b 7 22 A6 g, an e i
W AE AR R A B =245 SIS 2
AU B AR B N2 K 222 (8] 9b) , F
BRI , T AR S, R Sl EA W I )% 2 B
B AR I N 2 L S8R iR i — 2, H
RS R, B AR R N2, G
A5 A5 H AR R A 38—, T LUE A R &
P8 ) U S A e SE R A A% S 18 57 RV A 4 B
W05, B I S B e g K

®\ . P i
o N R 2%
ST S
o w}.tma

(b) 800

B7 AEHEREERERRKRRLRGEN SEM i

RV, XoF AN [ RLRE S5 1) e D0 AR B9 2K 3 #E AT
SEM Wi, WLIE 7, T LAE 3, AL 800" RhARIT 15 )5 11
HADUARE R AR TR AT T AT AT UL T AL G Sk T 1)
SR, SRR N B R 25 5 . L 7(b) ]
DL, RIJRAL B KL 2L L PN 20 /NS 22, B RO 2278
10 f5 A Lo AR 3 45 R AT, Ca® " He IR,
ArkL B R o 15 W R A D R A v R B T
Ca®" B F 1A i, SRR AL 1y Ca® e JE /N T
M, ATRTSZ IR 1 PR A o T8 15007 b 48T 15 3T
B , RREEASA AT UL, fioRe A2 5 B RO F
TR TS R J7 A A7 /0 8 BRSCA 2544, UE AN [+
MRS A RIS S5 o

~ Ve

h,‘LJ

(c) 1500°

1.0 +

0.8 |-

0.6

B a/r)

04
O [ I R

021 —o— LM

o L5 ——

: I /e, 2
8 FTEIMHY AR E X R
2.3 FUARES[E] B R0
AR 2, 385 Ca® " ¥R 0.30 /L (IR, 53
SIAE 60.,600,2000 F1 4200 s 52 TR, WEEA RITT
PR TE] Y SEM JESR, 418l 10 Frzs, 7 60 s i), {UAf7
A EEBRRIR SRR, H R B 75 i A1 2 R BE AL A 7
ST, TRL/INI R 531 2 SR A 4 A S R A, 3
5 2.2 WHYHARE—ERY . 600 s J5 R MR I E
kI, BB B T B R ERSCA 451,
AT RS2 PR J] BB A 0 26 WA B8R Ca i B
FHEFTE FETURL 2000 s Ji , R HAS S 0 35,
HAEEME IR A2 B, AR SCIRL 21 ], ARIRDLAR >
HPIAB B S — 2 R B R H diE A
PR R IR D 5 5 — R A KB B, R




200 KBRSk TR

2014 4

RIS Z B R A . FrAAE 600 ~ 2000
s BFIE] DY, S B8 A4 ) SR R R 5 A =2 [0 1) 423 2R
o FESERUTRUG KI5 O AE R e 28 56, HOWE
FNBRSCAT LRI, U B R BEK IR 19 JE 3t AT p
BN Ko BRSO SR 76

3 2 AN [RITAR R (R R 9 b 2 BB, B

(a) [ 1%

DI S Z2 K YR DT R R R v A A4 T R R TS
B e 1 R, BESRE SRR B BLE e T
R, e SR 4200 s BA ROMR B2 9 T, O R R
3 FLBR K I , 6 FLBR AR I B T /N BE AR R B
235 KA 4 5 e e DT S T A g ol ) ik

) 42

9 HhSeAbIREYSR B ARKYRITARIFHY SEM 3R

(c) 2000s

10 $ABHRKIFGRRAE R E R SEM 55
IR B TR LA R, ARSI
-60 [

RS CPEf

. f CPEdI
‘e 40} Ret
(5]
G
~ 20} o
N o Os

— Fitting

1 1 1 1

0 20 40 60 80 100
Z,, | Q*cm?
=30 10
RS CPEf
. Rf _ CPEdI
B 20} ct 0
o S
o]
- N
~-10f
N A 2000s
—— Fitting
1 1 1 ]
0 10 20 30 40 50
Z,, | Q*cm?

HLEH, R, Al CPES 3 5 AU I 2= L B AT L ¢, e
CPEf thZ% Q, M n, Y, CPE,, AARIBEZHLA,
B Qu Ml ny BR5E R, AUR AT R, 600 s
AP HH B T B B 97 B, i W ARER War-
burg I HBHIT, MZECY, BiE ; 75 2000 s i, i T
Kt — A EeE A, FLB AR F g v it A, (I B
A FRIZIN, {0 FonA IRZY HE T, i Y, Al
By, ZHpRE ; T Ja BRI S U A A0, AL R
T 56 4 7K Ui J2 B i BELPS B O, T P AS R IR Y
R(CPE) He4am"™ 0 a5 1 55 U800 B 1R A
MWy EE, ESEOLER 1] LI BIRZ R R, 2
B R, DU UR A5 1. 85 x 10* Qem®, 3
AL TFHZARAE . MARAFAZ R R, ST s L
T, B T ik RE A AE AR

30
RS CPEf
 —
~ CPEd
‘g =20t c W
9. S
o]
Z -0}
N o 600s
—— Fitting
0 10 20 30 40 50
Z,, | Q*cm?
-100 ¢
RS CPEf CPEdl
80t RE Ret
5
S .60 - .
o]
— 40 | v,
N oL v 4200s
—— Fitting
0 30 60 90 120 150
Z,, | Q*cm?

11 $AEERKIFITUR AR E R E R EIS



555 1] BAEA, % EUOK RGBT K SR DI R BT 5 201
F1 EISEHHEEUGHER
A )/ R,/ o,/ R,/ Qu/ R,/ Y, (Y,)/ B,/
s (Q-em®H)(Q ' - s" - em?) K (Q-em)(Q" -s" - em™?) " (Q-em®) (O em™?) 7
0 426.8 5.48x10°°  0.8705 6544 1.94x10™°  0.8668 9.26x107*
600 368.3 4.84x10°°  0.8388 8288 2.69x107° 0.8273  1.31x10™* 1.76x107°
2000 543.9 7.46x107°  0.8354 1.47x10™* 5.69x107°  0.8110 1.46x10™* 2.06x10™* 4.284
4200  526.9 2.93x1077  0.8634 1.85x10™* 1.58x107°  0.8296 2.27 105

R, e B AR AR K I IR — E
EXPERAE BA R E L B — 5 T 2R L8
AR IS BE A 5 58, 5 — O Tl DURR B8 7K i Ak 2= B —
B2 b A LY AE , B AR R AR i AR R S
SR P i CBALK R X T ERATLLR
VERE— LIS o

3 & i

ARSCAE T A2 5 YR AR 58 i s O T —
JEBRIEEG /K I , 38 i 3 Bk L R VL SEM AL EIS $85T
T Ca’" B FURBE R IATHLBE B2 AN TURER IR) % K 35 17t
FREYSENE . EEEHEUE

(1) Ca®* B Uk JiE = B0 (1 S O RR %, ok
JEE B, DU R, IRHRIE R Ca® BT 5 T
i A B TCRR, T v e 2 5 T BRSCAT DTN,

(2) FIAPHUAE B 32 252 e ) 2 OB ], LA
JEBRAG, ORRIRE F] B o S SR AR A A A 2 ) B AR
AN SIPE , ' Ak P A P 2 1L 5 B W I )
LN E R IR

(3) BEFE ORI ] A9 SE 4, 57 2 112 W 9K
7 3 PP , EIS [ AR AR H B Warburg §BEFHAT A
FRJZ BOH BT A BT, T P e e R ik s BT

SE
(1] 8 W, SR0GHe. MR T 9 HAROK R gt BoAH & ) i
STl ], %7k HEZK ,2006,32(7) .82 - 86.

(2] KBFer, PMECE 2 5, 5. JUat BARDE 52 23 bl vt X
G HYORRGEBOTT]. %i7k4K,2009,35(2) 190
-95.

B, B H7, 22t et KA E A A H IROK RS
BT ST B A A 5, 2013,16 (4) : 114 - 116 +
128.

Gabrielli C,Jaouhari R,Keddam M, et al. An electrochemi-

[3

[

[4

[

cal method for testing the scaling susceptibility of insulating
materials [ J]. Journal of the Electrochemical Society,
2001,148(12) :B517 - B521.

[5] Gabrielli C, Keddam M, Khalil A,et al. Study of calcium

(-

carbonate scales by electrochemical impedance spectroscopy

[J]. Electrochimica Acta,1997,42(8) :1207 —1218.

[6] Tlili M M, Amor M B, Gabrielli C, et al. Study of electro-
chemical deposition of CaCO, by in situ Raman spectrosco-
py II. influence of the solution composition [ J]. Journal of
the Electrochemical Society,2003,150(7) .C485 — C493.

[7] Benamor Y, Bousselmi L, Takenouti H,et al. Influence of
sulphate ions on corrosion mechanism of carbon steel in cal-
careous media [ J]. Corrosion Engineering Science and
Technology ,2005,40(2) ;129 - 136.

[8] Gabrielli C,Keddam M, Maurin G,et al. Estimation of the
deposition rate of thermal calcareous scaling by the electro-
chemical impedance technique [ J]. Journal of Electroana-
lytical Chemistry,1996,412(1) ;189 - 193.

[9] Kralj D,Brecevic L, Nielsen A E. Vaterite growth and dis-
solution in aqueous solution I. Kinetics of crystal growth
[J]. Journal of Crystal Growth,1990,104(4) :793 —800.

[10] Amzert S A, Hanini S, Boucherit M N. Influence of per-
manganate reduction on CaCO; crystals” growth on a rota-
ting metal surface [ J]. Journal of Crystal Growth,2013,
382.15 -20.

[11] Karoui H, Riffault B, Jeannin M, et al. Electrochemical
scaling of stainless steel in artificial seawater: Role of ex-
perimental conditions on CaCO,; and Mg( OH), formation
[J]. Desalination,2013,11(3) :234 - 240.

[12] Devos O, Gabrielli C, Tribollet B. Nucleation — growth
process of scale electrodeposition — Influence of the mass
transport [ J]. Electrochimica Acta,2006,52 (1) ;285 -
291.

[13] Devos O,Jakab S, Gabrielli C, et al. Nucleation — growth
process of scale electrode position — influence of the mag-
nesium ions [ J]. Journal of Crystal Growth, 2009, 311
(18) :4334 -4342.

[14] Ben Amor Y ,Bousselmi L., Bernard M C,et al. Nucleation
— growth process of calcium carbonate electrode position
in artificial water — Influence of the sulfate ions [ J]. Jour-
nal of Crystal Growth,2011,320(1) :69 —77.

[15] Zhong Xiankang,Zhang Guoan,Qiu Yubin,et al. The cor-
rosion of tin under thin electrolyte layers containing chlo-
ride[ J]. Corrosion Science,2013,66:14 —25.

[16] Peyvandi K,Haghtalab A ,Omidkhah M R. Using an elec-

trochemical technique to study the effective variables on



202 bi N IS ) S I

2014 4¢

morphology and deposition of CaCO, and BaSO, at the
metal surface [ J]. Journal of Crystal Growth,2012,354
(1):109 - 118.

[17] Devos O, Gabrielli C,Tlili M, et al. Nucleation — growth
process of scale electrodeposition influence of the super-
saturation [ J]. Journal of the Electrochemical Society,
2003,150(7) : C494 — C501.

[18] Gabrielli C, Maurin G, Poindessous G, et al. Nucleation
and growth of calcium carbonate by an electrochemical
scaling process [ J]. Journal of Crystal Growth,1999,200
(1):236 -250.

[19] Zhang L J,Fan J J,Zhang Z,et al. Study on the anodic
film formation process of AZ91D magnesium alloy [ J].
Electrochimica Acta,2007,52(17) :5325 —5333.

[20] Schariflker B, Hills G. Theoretical and experimental stud-
ies of multiple nucleation [ J]. Electrochimica Acta,
1983,28(7) :879 —889.

[21] Devos O, Gabrielli C,Tribollet B. Influence of the super-
saturation on the nucleation-growth process of scale elec-
trodeposition by in situ observation through a transparent

quartz crystal microbalance [ J]. Water Science and

Technology,2004,49(2) :145 - 152.

[22] Devos O, Gabrielli C,Tribollet B. Simultaneous EIS and in
situ microscope observation on a partially blocked elec-
trode application to scale electrodeposition [ J]. Electro-
chimica Acta,2006,51(8) ;1413 —1422.

[23] Zou Shiwen, Li Xiaogang, Dong Chaofang, et al. Electro-

chemical migration, whisker formation, and corrosion be-
havior of printed circuit board under wet H,S environment
[J]. Electrochimica Acta,2013,114:363 -371.

[24] HHER, KEW. BAFRPuEFIe[M]. Joa: Bl
Hi AL, 2002.

[25] Liu C,Bi Q,Leyland A,et al. An electrochemical imped-
ance spectroscopy study of the corrosion behaviour of PVD
coated steels in 0.5 N NaCl aqueous solution; Part 1. Es-
tablishment of equivalent circuits for EIS data modeling
[J]. Corrosion Science,2003,45(6) :1257 —1273.

[26] C'urkovic’ L,C'urkovic" H O, Salopek S, et al. Enhance-
ment of corrosion protection of AISI 304 stainless steel by
nanostructured sol — gel TiO, films [ J]. Corrosion Sci-
ence,2013,77:176 - 184.

[27] Teng F,Guan Y T,Zhu W P. Effect of biofilm on cast iron
pipe corrosion in drinking water distribution system: Corro-
sion scales characterization and microbial community
structure investigation [ J ]. Corrosion Science, 2008, 50
(10) :2816 —2823.

[28] Chowdhury S. Heterotrophic bacteria in drinking water
distribution system:a review [ J]. Environmental Monito-
ring and Assessment,2012,184(10) :6087 —6137.

[29] Beale D J,Dunn M S,Morrison P D, et al. Characterisati-
on of bulk water samples from copper pipes undergoing
microbially influenced corrosion by diagnostic metabolomic

profiling [ J]. Corrosion Science,2012,55:272 —279.

R e e e e L e e e e e e e e I ==

(E#F 195 W)
5 4 ik

ARV G R T X O ) BEA T B K B 2573 #r,
B M K BT Bl 25 A T B, R G i 12 X K B I
AN TRV, S 7K AR AR [ [R] X6 7K P58
IR EVORIAERT, s B3 DK BT IR A I 4 A4
FRAR LAY , ] oAy At 2t DXt 7K 55 5 R 55K
W

SEk -

(1] Fifgde, 2= TR, MR, 5, W10 0 F X T K2
SFTLT]. WEETHKA],2011(4) 111 - 113.

[2] ko ATk, F 5, 45 ok i IR T & A F 30K
B[] KRI85 K T R4 ,2005,16(1) 75 - 77.

[3] 3% 52, AL, EV8 T, 5. MR m i X OK R RE T 1 etk
JEWFIEL ], KBRS K TRE2E4, 2008,19(6) :67 -70.

(4] ki &, R4EE, = %, 55 405 X T K Sh A
X[ ACE I E K TAR2EH,2012,23(1) :89 - 93.

(5] F3cit, st e, 2 X b T 7K sh 20 Hr Lo [ T].
HHOKF,2012,22(4) :22 - 24.

[6] fak4, BEWeFs. 45 Al 5 W B A 77l 7 i X K il
BRI R]. PaAbAR MRl K2 ,2003.

[7] FARL, ik wk. XU R BEVE A /K Bz shrhut KA T R
R AR TR T ], 4 B Bl B AR 2 B 2 4, 2013, 12
(4) :37 -39.

(8] Beliliali, MEHGES . A%bs XK B2 P IF K R HBRAHE [ T].
T Bl 452 R 2 B 44,2008 ,7 (1) :9 - 11.

(9] 460 47 3 77 4 v 4 K K R b 2R 5% L 47 30 R 7 52
[D]. ¥z : PEILRMBIE K ,2008.



