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Abstract : In this study, an environmental-friendly cleaning agent utilizing organic acids and various additives has been develop-
ed and applied to the field for removal of scale deposited on the cleaning beds or distribution reservoirs of the waterworks. As an
analytical result of scale on the cleaning beds, we found that it consists of mainly metallic oxides such as SiO,, ALOs, Fe,O3, and
MnO. Malic acid, malonic acid, and citric acid showed relatively better solvency on Al,Os, Fe,O3, and MnO except SiO, among
various organic acids. Mixed organic acid solutions of malic acid, malonic acid, and citric acid were prepared with certain weight
ratios and their solvencies on mixed metal oxides of Al,O3, Fe,Os, and MnO were investigated. The experimental results showed
that an 10% mixed organic acid solution prepared with weight ratio of malic acid : malonic acid : citric acid =6 : 2 : 2 were found to
have best scale solvency power of about 29%. The formulated cleaning agents with a small amount of nonionic surfactant showed
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much better solvency on mixed oxides than mixed organic solution alone. Especially, the formulated cleaning agent with 0.2 wt%

LA-7 surfactant appeared to have best scale removal efficiency of about 35%. However, the formulated cleaning agent with
disinfectants such as NaClO, H,O, and Ca(ClO), showed poor solvency on mixed oxides. It is inferred that surfactants are able to
improve scale removal efficiency due to their capability of emulsification, and disinfectants cause to degrade scale solvency in

water because of their oxidation. Based on these basic experimental results, formulated cleaning agents have been prepared with
mixed organic acid solution, nonionic surfactants, and disinfectants and successfully applied to removal of scales on the cleaning

beds and distribution reservoir at city D waterworks.

Keywords : Environmental-friendly cleaning agents, Nonionic surfactant, Distribution reservoir scale, Organic acid, Solvency of

metal oxide
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Table 1. Composition of scale on the wall of the clean wall in water

works
Component Concentration (%)
MgO 1.40
ALO; 21.10
SiO, 39.70
P>0s 1.20
SO; -
Cl 1.10
KO 2.03
CaO 2.01
TiO, 0.50
MnO 12.20
Fe,03 14.60
NiO 0.14
CuO 0.24
ZnO 0.34
BaO -
Dy»0; 0.81
Total 97.37
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E = removal efficiency of mixed metallic oxide by cleaning agent
W; = weight of initial metallic oxide before cleaning

W, = weight of remaining metallic oxide after cleaning
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Table 2. Metallic oxides solubility by various organic acids and HCI

Metallic oxides acids Fe 03 AlLO; MnO
Inorganic acid HC1 10.11 5.05 45.74
MI1* 2.61 1.03 87.79

Organic acids M2** 4.96 0.56 91.38
CH** 2.31 1.00 93.00

* malic acid, ** malonic acid, *** citric acid
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Figure 1. Mixed metallic oxide solubility by various organic with
pH increase.
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Figure 2. Mixed metallic oxide solubility by mixture of two organic
acid with pH increase.

Table 3. Mixed metallic oxide solubility in three organic acid with-
out pH control

Formulation ratio of organic acids | Metallic oxide solubility (%)
MI:M2:C/1:8:1 24.69
MI:M2:C/2:6:2 25.56
M1:M2:C/2:7:1 25.10
M1:M2:C/3:4:3 24.50
Ml:M2:C/3:5:2 25.46
Ml:M2:C/4:3:3 26.54
M1:M2:C/5:3:2 25.99
MI:M2:C/6:2:2 28.88
MlI:M2:C/7:1:2 25.89
M1:M2:C/7:2:1 26.85
Ml:M2:C/8:1:1 26.57
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Figure 3. Comparison of solubility of mixed oxides by formulated
cleaning agents with different types of surfactants.
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Figure 5. Comparison of mixed metallic oxide solubility by formulated
cleaning agents with different sterilizers.
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Figure 7. View of distribution reservoir at city D waterworks before and after its cleaning.
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