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Corrosion control technology in water pipes by adjusting the corrosivity
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ABSTRACT

Corrosion inhibitors including calcium hydroxide have been used to prevent corrosion in the pipes for tap water supply.
The corrosion index (i.e., Langelier Index) differs by area and water quality. The corrosion indices of the areas studied differed
by more than 2.0. The ‘homogenized calcium hydroxide was added to the treated water at the K water treatment plant,
in order to increase the value of the corrosion index and the concentration of calcium. As the result, the concentration of
calcium was increased while the turbidity and pH changed little. The corrosion rate of the tap water with the 'homogenized'
calcium hydroxide could be slowed down pretty much. The results suggested that the technology of 'homogenization' of
calcium hydroxide can applied to tap water and desalinated water to prevent corrosion in water pipes even in corrosive pipes.
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pHs = (93 + A + B) - (C + D)

o714 A

34.55

C : Log[Calcium hardness in mg/L as CaCOs]
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@

(Log[Total Dissolved Solids in mg/L] - 1) / 10
B : -13.12 x Log(Temperature in C + 273) +

D : Log[Alkalinity in mg/L as CaCOs]

Table 1. Standards or guidelines of water quality parameters related with corrosivity (Kim and Kim, 2011)
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Korea WTO U.S. Japan Canada UK. Germany France
pH 5.8~8.5 - 6.5~8.5 5.8~8.6 6.5~8.5 6.5~8.5 6.5~9.5 6.5~9.0
Corrosiviy - - noncorrosive | LI:-1.0~0 - - - -
Total hardness 300 - - 300 - - - -
Aluminum 0.2 - 0.05~0.2 0.2 0.1 0.2 0.2 0.2
Cadmium 0.005 0.003 0.005 0.01 0.005 0.002 0.005 0.005
Chromium 0.05 0.05 0.1 0.05 0.05 0.05 0.05 0.05
Chloride 250 - 250 200 250 250 250 250
Copper 1 2 1.3 1 1.0 2,1 2 2,1
Iron 0.3 - 0.3 0.3 0.3 0.3 0.2 0.2
Magenese 0.05 0.4 0.05 0.052 0.05 0.5, 0.1 0.05 0.05
Lead 0.01 0.01 0.015 0.01 0.01 0.05 0.01 0.01
Sulfate 200 - 250 - 500 500 240 250
Zinc 3 - 5 1 5 3 - -
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CO, feed system CO, and water mixing

Ca(OH), injection

Fig. 1. Ca(OH), solution system by region of water treatment plant.

I * raw, water : sedimentation water

Fig. 2. Major processes diagram in demo plant[Ca ; Ca(OH),;, H/M;Homogenizer, F1 : filtration process with lime water,
F2; filtration process without lime water, Cl, : Sodium hypochlorite].
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MPY = =22~ "7 3)

MPY : Mils penetration per year(l mpy = 0.0254mm/yr)
W: weight loss(mg), D:density(g/cm’)

A: area(in?)

T: time(hour)
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Table 2. Analysis of tap water quality by region of water Treatment plant
, Electric conductivity | Ca** | Mgt Hardness Alkalinity | Temp. | CI SO~
data | R H . LI
AR | legon || (1 /cm) (mglL) | (mglL) | (mgL as CaCOy) | (mgL as CaCOy) | (C) | (mgl) | (mgL)
1610 | Y | 765 2114 31.94 | 3.04 92.22 70.99 190 | 1107 | 1529 | -0.37
1610 | K | 7.01 535 460 | 051 13.56 11.94 190 | 477 362 | -2.56
S B4 ATE Table 20] Ueigich 8 B4 A4 €O, B 3~9 Umin 02 Fste] pH 24 F &
GEL pH, A7|AEE, 25, vl o]e, dza] 224 gkl 10% Ca(OHRE 0.15 Lmin© & 3¢)5}o]
9 2E @role, BAGolLolth RAR ASE  ALAONA olBAS AN 45 F AR e T
LIZ AF-sto] HA8k9Ich Table 2014 Y 91 K 2|9 Ho|u], Ca(OH), 9] A 2424 7o o] abshera
o B $AE WA, WIUEL Thol & FYsiel pil AL AL 24 AL Y
= %‘E, %I%;}FJ Aok T2 B A 4o A W CaOH), £ F oS gigor o
A|4=Q1 LI gt Aol 7F F=SiskA] Yebth. K 72 ol pHE d7 B4 2gslyly, dztes, o] >
SEE LI @% 25602 A% RS U 9l 2 5o 1-2A%F B9IR A5t AP B &
ou, Y AR el L gho] 0372 oftt B s g
Aoz yeylth tebA K A4 aEe2 o R 2eap A=A o] 4] Q2 228 S pH 6.46, EFE 1.9
£ A9 2=l v8 ZAgol =7t vjg Yot NTUo|glon, ojuls=o] &xe pH 647, E% 0.15
FAAgo] 2 52 UEY xEel Uik FA8E NTUE ZAE|Qlch 2 o] wl 528 mg/l, A%
SHoF & Ao . 18.4 mg/L as CaCOs, 2HZ8] % 14 mg/L as CaCO; 0]
t}. 10% Ca(OHp= 10A]7F E9F 9] & W o, okx
3.2 K Mz a3l cist oiE o A Znt Zo|Alo]| o]TE MZsle] 2L HAMsHYCH
K 2ojo] smgo] dio] BA4 A4 Bast 24 10% CaOH) FIAZRE] Aj7to] w2 ofaiso] 43
T}, Balgol ulg Zd B2 e, o sjdst w4 EIS Table 39 HERASIE: 10% CaOH) £
7] o8t Woto @ EHof Ca(OH), $¢3t0] Z4 of wel AJZtol| g it Bl WSHE Fig. 30f UEt
EE 2T B ALYEE ko] Ray x5 AT OS] BEs 015 NTU e 94t
ol LI Zhe 71% Wr} old 244o] we fxg  CaOHRel W S S/ ZA vehbA] gkek of
& A7) i AP eSS 24 gy el pHE 64~6.8% UERY CalOH), Fefel mE

Table 3. Analysis of water quality of filtered water by Ca(OH), injection

Time(hr) | Turbidity(NTU) pH Alkalinity(mg/L as CaCOs) Ca’**(mg/L) Electric conductivity LI
0.0 0.15 6.47 14.0 5.28 53.5 -2.86
0.5 0.15 6.59 14.5 5.69 51.9 -2.69
1.0 0.14 6.49 12.9 5.59 51.8 -2.85
3.0 0.14 6.80 14.5 6.11 55.0 -2.45
5.0 0.14 6.57 17.3 6.63 60.6 -2.57
7.0 0.16 6.80 19.6 7.59 65.4 -2.23
9.0 0.16 6.75 21.8 8.55 70.1 -2.19
11.0 0.15 6.58 25.8 10.00 78.7 -2.22
13.0 0.16 6.40 32.9 12.20 91.1 -2.22
15.0 0.15 6.54 27.8 10.70 81.4 -2.20
16.5 0.15 6.62 25.6 10.40 77.0 -2.17
19.5 0.15 6.60 23.6 9.15 72.6 -2.28
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2. ol 21MY - 215 gus |
Table 4. Analysis of sand filtered water quality in demo plant
oH Electric conductivity Ca** Alkalinity Temp. o,
(us/cm) (mg/L) (mg/L as CaCOs) (C)
Sample 1 6.97 259.30 36.15 79.18 18.21 -1.27
Sample 2 6.93 218.30 26.88 61.94 15.95 -1.56
t} (Park et al., 2017). 0.4
Ca(OH), %] Ca %, pHE 71417 it We] % - e water
4 859 oAdtty &t (Park et al, 2017). & £
COu2} Ca(OH)0] of3) ARHGo] oAlEle dle  Zo. : - "
ofe) WhAlT Zo] HCOy 57t Z7hElm, H5d & . .
°2 HHE CaCovt HAL oA grolgtm £ O o
Sttt (AWWARF and DVGW, 1996; Park et al., 2016). Y o B , f(}')
0 5 10 15 20 25 30 35 40 45 50 8
CO, + HLO <> H,CO" 4 Time(h) a
H,CO5" <> H + HCOs ) Fig. 7. Corrosion rate comparison. =
HCOy <~ H + CO32_ (6) 115__]' 7& i§]’ PHoﬂjﬂ %A O] 37—]' Z—-jﬁ‘o] %‘T‘f‘.‘f_)—l =
Aehel T Slo) Sk BEiute] PAE ol
CO¥ + H0 <> HCOy + OH (7 FAo] AAE} (Yu et al, 2008). ¥} 5] AFolA
of SAR S Row, GE AFATeld U
Car” + HOOy == CaCOy + H' ®  aesl exmaM R B Aok skl
Table 4= AlZZAEO maojals: 222 ot (Park et al, 2016; Ahn et al, 2005; McNeill and
24 Autoltt. $4L pH, H7VHER, 24, vpy)  Bdverds 2000,
2 ole, oZtEE AEE 2Asiglon], By x| Z, HWAd #FS AREshe A 9ollAl= Ca(OH),
L L= o839t} Sample 1.2 olAlslElas ol 07l Aol Aasht WA BES A8t
of pHE W& F #US|71S A CaOHRE Fojsp 87 TR UIE T B B9 5 Sk o
of ZHole ErE ol ojuldAsdoly, Sample ) SAE T 7leTol dasAt:. E Ca(OH);
2L o B SE R0l Table 40]4] Sample 19] = Tr=Cl SOz 7IEE vdlEe] of w2 A
LI ZFo] -1.298 Z~%50] 1] ZF -1.565 )} =gt} o]= o9 ApApoly, nd|E g0 A3t st
Ca(OH), Z9]o] uje} Z4 oL, 01-71—;45 1 AE = 3400 & 7& A8o] 7 Ao wrhEnh
o] 271l uet LI 2 S7ksem, ofo) njet 2
A wale) £ Aoz weEr 4 A =
HEl4 9 5% Sxo] Bag ABS AN
2%, 47, 67 A2 AL Aol RALF AF  FRES] $AFH0l SE 9L HRIle] xR
F RAsEs 2AsAch AW WX TRl of ok BAgAL Baa Bao] e Aelo] ]
Hjgro] HARE Al o] FALEE 0.23 mm/yr 0|3 U 352 A% CaOHp&3l7s 484 37 o=
on, ERe| AAF AU RASEL 0B mmyr2 s thed 2e AuE gon
oF T0%01Y BAKES Lol W ISk (Fig 7). 1) FREE) FA4 A5 U & 24, G,
Eak Ako] Aol whet RS Fhaels TS AR 5ol ARS won|, 44 5 uluge] H& %)
Btk weba CaOH)7F FAA oo A & 9 e vdES 35 + e Yol 28
ekt ARt o g o] Ca(OHRE FYstd sk
24 —
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