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A Study on the Performance of Pipe Scale Cleaner using Natural Organic Acid
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Abstract Scales generated inside pipes cause negative effects on heat transfer performance, pressure loss and flow
rate due to increased thermal resistance and reduced flow cross-sectional area. If these scales are not prevented or
eliminated, thermal-fluid performance of the facilities can be deteriorated, or in extreme cases, accidents such as explosion
due to overheating can occur. There are two ways to remove the scales, physically and chemically. Removing the
scales physically needs specific machines which are expensive, and removing them chemically may provoke corrosion
or shorten the age of the facilities. In this study, an eco-friendly pipe scale cleaner using natural organic acid is developed
by applying the concept of a limestone cave generation. The manufactured scale cleaner is applied to remove the
scales in industrial, water heating and urinal pipes. The results show that this cleaner removes scales more effectively
and safely compared to existing scale treatments. Scale removal efficiencies of this work is 1.2~10.7 times for industrial
pipes and 1.8~15.5 times for boiler water heating pipes higher than those of conventional cleaners.

Key words Pipe scale cleaner(M] ¥ AL M| A]), Natural organic acid(?d 91-714}), Gravimetric analysis
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Fig. 1 Process of lime cave formation.
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Fig. 2 Cause of urinary calculus.
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Fig. 3 Chemical reaction of lime cave generation theory.

(© SAREK 533



2 71EY Ak AFY Aol &AM EF(NaOC)),
e s RE AdEaAe AR
AT il E T i AL AA A

]o
fru
.-y
ro,
9L
>
*2

opF o] F191€ e BRol A P LA AF £ F71 o] FFHAA ]}y
AT WANT. TR 24 AAG HHAE AAT TP,

£ aeldis A9 go] ol shaust el ealel LuE Bgow 9 WA AN
SSIT), AerESl G AL ADE ohgdo] WA Aol W A A La o Ad 59
bSE A7 F AREE ARSAT. adAA A3 8 atos

i 2AL ARAE Yar 1~24

#REg00 R} %371 o]

ri

§3to] Ul FES Z4ste] A Mwsch

gk XRFSF XRD Z3}HE Fig. 490 YER AT Fig. 4014 B nfe} o]
THEF T AL FA4 l‘;c% AHEE(CaC03), AH8FZE(Ca0) 59 23 ik, Abslat 4(Si02), 4Fst
AFH)F(ALO3), 2FHE(F205), AFSFEIHMNO) 5o =2 o] Fofx] e S FAdt 4 Ak

71714 ARE vtgo R F8g i 2AYY MY B 2 HE &

rﬂ&

o

3}
© = Table 19] YEFHUTE 1
A3 Ni, Cu, Zn, Cl, P 59 o]& & &= AR nlgFo|m=w FdstA| gFkern 71 Bol g4
E4E &Y B StER L}EBA

CakA

1 mes.(keps)

4004

(b)

Intensity (a.u)

c.;m . » [ | ‘ |
0.28 TTom aane 036 : L l J J‘Ji\ll‘- ‘lilk,‘bu\.’

L fnm 10 20 30 40 50 60
Fig. 4 Analysis results of (a) XRF and (b) XRD for industrial water piping scales.

Table 1 Composition of industrial water pipe scale

Component Concentration(weight %)
CaCOs, CaO 69.3
Silica(SiO2) 12.7
Iron oxide(Fe203) 11.5
Magnesium oxide(MgO) 3.9
Alumina(Al203) 33
Manganese(Il) oxide(MnO) 0.8
Potassium oxide(K20) 0.6
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Table 2 Evaluation of scale removal efficiency(%)

(n = 4)
Removal efficiency(%)
Component - - - - -
Industrial water pipe Water heating boiler pipe
) NaOCl 9 6
Conventional NaOH 14 9
cleaner
Phosphate 78 52
This study Pipe scale cleaner 96 93
30 Heating pipe Industrial water pipe
28}
2%} Before M
g 24
2 5| e
3 22 t.
@ 20} Treatment
—e— malic acid
sk —&— maleic acid
—&— malonic acid
—A— citric acid
16 F —w— oxalic acid
o ) After
0 2 3 4
pH .
Fig. 5 Solubility of scale of natural organic acid with Fig. 6 Photograph of scale removal before and after
respect to pH. processing of pipes.
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Fig. 7 Photograph of scale removal of toilet urinal.

Table 3 Ammonia results before and after treatment

Before processing After processing Removal effect(%)
0.73 0.14 80.8
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