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Abstract : The objective of this study is to develop cleaning agents for the indoor water supply pipe which is
environmentally friendly and suitable for removing scale by using various organic acids, inorganic acids, and
some additives. Among various organic acids, oxalic acid, citric acid, and malic acid showed good cleaning
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efficiency of iron oxides which were main components of the indoor water supply pipe scale. Several cleaning
agents were formulated by adding chemical additives into these organic acids and evaluated for removal of iron
oxides. In this study, it was found that nonionic surfactants were excellent for the removal of iron oxide scale
among various additives. Two types of cleaning agents(F;, F») with comparatively high solvent power for iron
oxides were formulated in this study. The cleaning agents F; made by organic acids and some additives were
formulated to be safe and environmentally friendly, but seemed to have disadvantage due to their comparatively
low cleaning efficiency of iron oxide than F». But, the cleaning agents F, prepared by adding inorganic acid a
little to F; showed comparatively good cleaning efficiency of iron oxide and could be recommended for
removing hard scale of iron oxides in the indoor water supply pipe. Thus, it is considered that the formulated
cleaning agents should be selected based on the extent of scale in the indoor water supply pipe.

Keywords : Chemical cleaning agents, Iron oxide, Indoor water pipe, Organic acid
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Table 1. Classification of indoor supply pipes in Seoul metropolitan

area
Apartments Row and O{]r;(g:pendent
Classification
Before After Before After
1994 1994 1994 1994
Galvanized steel 46.5% 5.5% 52.4% 3.3%
Copper 40.1% 58.6% 15.7% 66.7%
Stainless 8.0% 24.3% 2.0% 3.3%
Others 5.4% 11.6% 29.9% 26.7%
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FesOs + 6H — 2Fe’" +3H,0O 1)

(Proton-assisted dissolution)

>Fe(Ill)-O + HY < >Fe()---OH" 2)

(Protonation of oxygen)

>Fe(Il)-OH" + L"+H* < [>Fe()-LT™? + HO  (3)

(Surface complexation)

>[Fe(I)-L1"™® + H* < [Fe’ L") + >H 4)

(Desorption process)
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Table 2. The result of analysis of XRF for scale in
galvanized steel pipe

Component Concentration (%)
ALO; 0.90
SiO, 4.30
P,0Os 1.63
CaO 0.95
Fe,;O; 65.20
ZnO 25.80
MnO 0.23
CuO 0.24
Total 99.25
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Figure 7. Fe;03 solubility variation with HCl concentration

in dilute organic acids (C": citric acid, M": malic
acid, O : oxalic acid).
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Figure 8. Comparison of foam stability different kinds of
surfactants.
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Figure 9. Test results of Fe,O; solubility by formulated
cleaning agents made by 10 wt% oxalic acid and
different kinds of surfactants.

Table 3. Fe,0; solubility in three kinds of 10 wt% organic
acids with different reducing agents

Organic
Reducing acids Citric acid | Malic acid | Oxalic acid
agents
NaNO, 0.44 0.54 1.41
FeSOq4 0.37 0.62 -
Ascorbic acid 1.43 1.5 2.38
No reducing agent 2.38 1.96 5.64
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Figure 10. Fe,O; solubility in three kinds of 10 wt% organic
acids with different concentration of ascorbic
acid as a reducing agent.



Table 4. Fe,0; solubility in three kinds of 10wt% organic
acids with different corrosion inhibitor
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Table 5. Formulation of cleaning agents

- Sample Formulation
Organic No.

Reducing acids | Citric acid | Malic acid | Oxalic acid A Citric acid 10wt% + Oxalic acid Swt% +
agents ! Malic acid 10wt% + Other additive’ + DI water
Benzotriazole 232 2.1 5.89 A HCI 5wt% + Citric acid 10wt% + Oxalic acid Swt%
H;PO4 221 1.94 4.85 2 + Malic acid 10wt% + Other additive'’ + DI water
Na;POy4 2.19 1.79 4.62 A HCl 15wt% + Citric acid 2wt% + Oxalic acid 2wt%
No inhibitor 2.38 1.96 S.64 3 + Malic acid 2wt% + Other additive' + DI water
F Citric acid 2wt% + Malic acid 2wt% + Oxalic acid

! 6wt% + Other additives® + DI water
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Figure 11. Fe,0; solubility in three kinds of 10 wt% organic
acids with different concentration of benzotrizole
as a corrosion inhibitor.
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10 days
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(a) Benzotriazole (b) H;PO4 (c) Na;POg4
Figure 12. Surface change of indoor-pipe specimens after
cleaning with the cleaning agents containing

three different corrosion inhibitors.
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Figure 13. Comparison of Fe;0; solubility in the proposed
formulated cleaning agents.
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