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Inhibition of pitting corrosion of the copper sprinkler tubes by removing dissolved oxygen in water with
sodium sulfite was studied on the wet sprinkler systems operated in 258 household sites. First, air in the
sprinkler tubing was removed by vacuum pumping. The tube was then filled with sodium sulfite dissolved
in water. Sodium sulfite was very effective in maintaining a very low dissolved oxygen concentration in
water in the sprinkler tube for the observation period of six months. Water leakage from the copper sprinkler
tube was reduced significantly by using sodium sulfite. Both pitting corrosion process and pitting corrosion
inhibition mechanism were investigated by examining microscopical and structural aspects of corrosion pits
formed in failed copper sprinkler tube. Pitting corrosion was caused by pressurized air as well as sediments
such as sand particles in copper tubes through oxygen concentration cells. It was confirmed microscopically
that growth of corrosion pits was stopped by reducing dissolved oxygen concentration to a very level by

using sodium sulfite.

Keywords : pitting corrosion, copper sprinkler tube, sodium sulfite, corrosion inhibition, SEM

.M E

al

$2) Yekol A4 & opE: Amage Ein 3
3430l 2J3l) 4171 B (pin hole) o] 213] 4 3| 7
otk $EROR ALGEE Bujgre] T4 4 910

BN g ATE sglon B9 38

A e

[e}
71
=

ox & R 1x

o2

(free chlor—

37 A=}
32 -2

et

o]

o

=2

il

' Corresponding author: shsuh@kist.re.kr

265

of
")

>
1o
o,
ro
|o
il

ge 1=
b

o

Horoh 2 N
e

ol
2
g
Y

2t g

N o

LA ol
2ol ws] WA
o 57} A7k Ho] 3, 4 A9 A
alet. oA 5 (8] Fol

>
X
hu

% |

o |d

r =

2

g

w2
off

= To
o

ry

re
-
i



SANG HEE SUH, YOUNGJOON SUH, AND HYUKSANG KWON

sk A Tk A”kela QT ol 5 (8]
EHlol ghavto] PAjE = 218 WA sjolof s
o 19 £ oI el
& lajol et o

[ fle
12 [H oft

Jal%
N
N

rlo

1

&

r_>i
o,
o
2
i)
o,
o .
2,
o R
ol
ol
£
o

=2
O
4
=

f
o
T
>,
=
2L oo T 2 ot &

2 o o 2ol i

_C:L
ll‘
)
2
3
_E
_Ci,
ox
ot
o
©
flo olo
i > ofy
0 B>
g off
o
offt =
2>

T[ﬁlﬁ
M ox 2
2 o
[ gr
il
(LTS
S
g
10,
AN
g2
L E
-{o;.:
o4
oy
=
b
i
ofr
2

of4
a1
o
el

oo 1
=

ol

Fﬁ.‘

?EE

o

2

o

-0,

=

=

30,

O

o
R
rlo

o
™
=2

N
>

2

e oy o
o

>
X
i)
0
>

;
4
—
=)

rr

_H
o o

¥ 2T
ik
)
il
2
N

© g
u!

14
rE
o -

=
3k & M ‘Foﬂ BTA (Benzotrlazol
%l

o flo

~
ol
F{F
-

O:::',

o,

Ry

3

ki

Bt

>.

E‘:
oy & = 4o 4o
o 1

_1

il
off
il

Jo o
)
o 2 ﬁ
-
oz Mi o

of
9
10 o

lo Ay o

o o

oX oo

R

0 off I

wE T

ox OfF — X »

ox f il

o A flo

oid, g % H R

>

)

-r

=¥

O

i3

0%

filo rlél

‘ﬂ', Jtal

SR g

o B =
b i

HI 1> oo 2

N
9
rr
oL
rO
o
e
-
_O|L
32
)

2.1 A 24 oin| A
ssyge) Bl P A1 Qe AFEA 8
ol A1k BAI) 8709 olIEE AFEe ol T

258At] 2MUE 1718 g Ol%“'”‘ﬂ 7N 129
e ==

el wel Azkel 55 7)< [11] B 53] 29 &
71% [12]% A8sglen, ol &) -+
TAE Gkl o] ZEs Qokshd 3z
sfof wiEh el 3715 A A8k 9 AlAs)
el o}=] /ﬂ"/lrE%(NagSO:a) A =5 EE
= olgdto] wolE Foll Fing dof 7ijke
At o] W] o5y HM el B2 A9 ey
AAE 23843 A9 2 5 AT o] VlEs A8
R Ae] dEhlbelA 1, 2 @ A ow A 6 I3t
23RS 7 ml AR widle] 854k s S
G508 F120] Sl vl= OHAUSAR) Starter300D
REE AREeil o 54 A 0.01 ppm o)W 57
ol E& &N ol gste] W& shlrh
7S A8 oE F 1 AlelA 71 28 2 S
T skl en of Aol wivkg AFH s T
‘ﬂﬂﬂ A} RS S B v 98]
7EE A o Al TolA s AR 1 Al
s AFse] A i GdE ARSIk

_ﬁﬁiﬂmlm
o Z O
k‘lmr:iotolﬂ

¢

266

2.2 SHjEe| 24

u|=r FEIARS] Inspect F50 2212 SEM<S ]88l 20
kVe] 71& xeto g AxglZy Zaj#o Uda T2l
ol g iF-E #2siglon] SEMe] 349 EDSE &

sfol 2} o] R g BT

2.3 S E3FAIE

OFFAUEF 78 Lol g T (Iem X lem) 9
Az1gketz 545 S545h] Slste] w49 E=A8e A
Alekdch 7= X3t 229 A=(SCE), A=
25 Nas ARSI A Folle AAVtAE E R
o] o] 8 AE Ah EHAVIE vkEo] 371 59
b7t Zell Hop Eol7keE AE WASIATh LA
(Potentiostat) = 3= WonATechAF] Smart Interface
2 AFE Aol WPGL00 REE A3ttt

lﬂ Pkl
n?L'

31 BEML B2} fAulE

o ZEe AEe 129719 e FollM 4 7)) st
HQEETH AFH 3 & wro] 0.01 ppm ©]A] £FAAL &
3 YA = 25 0.00 ppme 7hE)7IW S48
“/I: ao x—h:i 1%1—01—1:]. 1347_" 17/1'1_ 0_1_7]' z;(.]7 Z_J 6
L7 A&E ). 3, Fig. 13} o] Az e uﬁﬁq

A ANF S AlE 27E ol EF #8937 s 10
ml PVC €7]0] €o] 14 7} € 7 23S W3bsla Alﬁﬂi

Ak} vl 2 e F2o] X*‘?Si g
o] F8& FA sk Qlrt ©
ppm R} X 3 gro R TerEl
°l PVC 8717} 574 A5 €& A

U] ka1 %)

8 AT 5 e TRAS A ke f9o]
ARHY ATPF el N A 2d ol 3R

Fig. 1 Sprinkler tube specimens soaked in the sodium sulfite
dissolved water for 14 months: the surface remains bright
because almost no corrosion is occurring.
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INHIBITION OF PITTING CORROSION OF COPPER TUBES IN WET SPRINKLER SYSTEMS BY SODIUM SULFITE

Fig. 2 (a) Outer and (b) inner bottom surfaces of an 8 years old copper sprinkler tube which was found leaking water through
a pin hole two months after the water in the sprinkler tubing was replaced with the sodium sulfite dissolved water. From the
widespread black corrosion product on the outer surface of the tube, it is assumed that a small pin hole leaking water already
existed before the tubing was replaced with the sodium sulfite dissolved water.
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Fig. 4 (a) Low magnification and (b) high magnification SEM images of the corrosion pit @ observed in the sprinkler tube
shown in Fig. 2(b). It is thought that water leakage occurred through the pin hole formed in the corrosion pit @.

Table 1 EDS analysis results of the locations of the corrosion pit O shown in Fig. 4

at% @ ® © @ ®© ®

Cu 87.0 87.0 67.1 95.5 41.8 70.5
0] 12.1 113 31.1 32 56.8 28.4
S 0.3 L1 1.2 0.1 0.6 0.5

Fe 0.7 0.7 0.6 1.2 0.8 0.6

* Elemental atomic percents were rounded off to the first decimal place.
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DO ~ 0 ppm

0, + 2H,0 + 4e— 40H-

Water

Cu.(OHLCO, QU0

Fig. 5 Mechanism of pitting corrosion due to an oxygen concentration cell formed in the copper tube of the wet sprinkler system [9].
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Fig. 6 (a) Pourbaix equilibrium diagram of copper-water [14]. The blue and red squares indicate the potential and pH of the water
and the sodium sulfite dissolved water, respectively in the pressurized sprinkler copper tube. The dotted green line indicates the potential
inside a corrosion pit when Cu’* mole concentration is 10, (b) Potentiodynamic polarization curves of a copper plate obtained with
the tap water and the sodium sulfite dissolved water.

Fig. 7 (a) Magnified SEM image of the corrosion pit @ and (b) the similar image of the corrosion pit ® in the sprinkler
tube shown in Fig. 2.
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Fig. 8 Inhibition mechanism of pitting corrosion in the copper tube of the wet sprinkler system by removing dissolved oxygen
in water.

Fig. 9 (a) Magnified SEM image of Cu,O particles in the open red square area of the corrosion pit ® of the 8 years old copper
sprinkler tube of Fig. 2 filled with the sodium sulfite dissolved water for two months for this test and (b) magnified SEM image of
a corrosion pit observed in a failed 8 years old copper sprinkler tube which was not treated with the sodium sulfite dissolved water.
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