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The inhibition of pitting corrosion failure of copper sprinkler tubes in wet sprinkler systems was studied.
First, an apparatus and technology for removing air in the sprinkler tubes by vacuum pumping and then
filling the tubes with water were developed. Using this apparatus and technology, three methods for inhibiting
the pitting corrosion of the copper sprinkler tubes installed in several apartment complexes were tested.
The first one was filling the sprinkler tubes with water bubbled by high-pressure nitrogen gas to reduce
the dissolved oxygen concentration to lower than 2 ppm. In the second method, the dissolved oxygen concentration
of water was further reduced to lower than 0.01 ppm by sodium sulfite. In the third method, the sprinkler
tubes were filled with benzotriazole (BTAH) dissolved in water. The third method was the most effective,
reducing the failure frequency of the sprinkler tubes due to pitting corrosion by more than 80%. X-ray
photoelectron spectroscopy analyses confirmed that a Cu-BTA layer was well coated on the inside surface
of the corrosion pit, protecting it from corrosion. A potentiodynamic polarization test showed that BTAH
should be very effective in reducing the corrosion rate of copper in the acidic environment of the corrosion

pit.
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Fig. 1 Schematic diagram of the evacuation and water filling system attached to the fire sprinkler [5,9].

90

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.2, 2020



INHIBITION OF PITTING CORROSION FAILURE OF COPPER TUBES IN WET SPRINKLER SYSTEMS

Uniform
) No pressurized air coating of
Pressurized air (5~7 kg/cm?) \ __ inhibitoron
) * the entire
DO (25~35 ppm) DO (5 ppm) — surface
Water line-— \_
No water linc

Water +
Corrosion
inhibitor

Sprihkler
copper tube

(@) (b)

Fig. 2 (a) Cross section of a sprinkler copper tube when water
is filled by the gate valve, showing pressurized air left at the
top space which results in a high DO value as well as two
water lines, and (b) cross section of a sprinkler copper tube
when water dissolved with corrosion inhibitor is filled by the
evacuation and water filling system, showing no space for
pressurized air and no water line.
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Fig. 3 Nitrogen bubbling to reduce the dissolved oxygen
concentration in the water tank.
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Fig. 4 Monthly leakage number of times before and after the corrosion inhibition work of filling nitrogen bubbled water into

the sprinkler tubing after evacuation.
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Fig. 5 Monthly leakage number of times after the corrosion inhibition work of filling sodium sulfite dissolved water in the 258
sprinkler systems after evacuation. The monthly leakage number of times for the other 612 sprinkler systems with no corrosion

inhibition work performed was included for comparison.
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Fig. 6 Yearly leakage number of times before and after the
corrosion inhibition work of filling sodium sulfite dissolved water
in the 258 sprinkler systems after evacuation. The yearly leakage
number of times for the other 612 sprinkler systems with no
corrosion inhibition work performed was included for comparison.
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Fig. 8 Cuprous particles (Cu,O) formed inside a corrosion pit
of a sprinkler copper tube.
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Fig. 9 (a) Potentiodynamic polarization curves of a copper plate obtained with 300 ppm BTAH dissolved acidic water (pH 2.5),
acidic water (pH 2.5), and tap water (pH 7), (b) Potentiodynamic polarization curves drawn in linear scale of a copper plate obtained
with 300 ppm BTAH dissolved acidic water (pH 2.5).
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Fig. 10 Monthly leakage number of times before and after BTAH corrosion inhibition work.
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Fig. 11 Yearly leakage number of times before and after BTAH
corrosion inhibition work.
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Fig. 12 (a) Optical micrograph of a line of corrosion pits, (b) optical micrograph and SEM image of a corrosion pit indicated
as a square in (a). This specimen was cut from the sprinkler tube which leaked in Mar 2019.
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Fig. 13 (a) Cls and (b) N1s XPS spectra at the area 26.

Table 2 Surface concentrations at the area 26 in Fig. 12, and
the area I and C in Fig. 14 measured by XPS (at.%)

Position Element| o Ni1s | o1s | cuzp | ci2p
26 339 | 22 | 346 | 276 | 17
I 443 | 50 | 223 | 190 | 94
C 455 | 9.6 | 226 | 183 | 4.0

Fig. 14 Optical micrographs of the locations (a) I in Fig. 5
and (b) C in Fig. 10 of the reference [9] by the authors. These
specimens were cut from the sprinkler tube which leaked in
Oct 2018. (Courtesy of the Corrosion Science and Technology
for using the figures)
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Fig. 15 Potentiodynamic polarization curves of a copper plate
in 300 ppm BTAH dissolved neutral water and tap water,
measured in a wide potential range.

Table 3 Corrosion current (Ieon), corrosion potential (Eco), pitting
potential (E), and |E;; - Ecn| of Tap water and 300 ppm
BTAH solution

Icorr Ecorr Epit ‘Epit = Ecorr|
@A) | VM) | V) V)

Tap water, pH 7 428 | -0.05 | 0.06 0.11
BTAH 300 ppm, pH 7| 9.0 -0.02 | 0.52 0.54

Water type
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