Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 21, No. 6, November 2017, pp.132-139 PISSN 2234-6937
https://doi.org/10.11112/jksmi.2017.21.6.132 elSSN 2287-6979

MALAD Q. 525 RISHAR MR Q| S4Bt

Evaluation of the Properties of an Environment-Friendly De-icing Agent Based on
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Abstract: A huge amount of de-icing agent is sprayed during winter to promote traffic safety in cold regions, and the quantity of de-icing agent sprayed
has increased each year. The main ingredients in commonly used de-icing agents are chlorides, such as calcium chloride(CaCl,) and sodium
chloride(NaCl). While calcium chloride is mostly used in Korea and sodium chloride is usually used in the U.S. and Japan, all de-icing agents include
chloride ions. The chlorides included in sprayed calcium chloride-based de-icing agents have severe adverse effects, including the corrosion of reinforcing
steels through salt damage by infiltrating into road structures, reduced structural performance of pavement or damage to bridge structures, and sutface
scaling, in combination with freezing damage in winter, as well as water pollution. In addition, the deterioration of paved concrete road surface that
occurs after the use of calcium chloride-based de-icing agent accelerates the development of visual problems with traffic structures. Therefore, the present
study was performed to prepare an environment-friendly liquid de-icing agent through a reaction between waste organic acids and calcium-based
by-products, which are industrial by-products, and to analyze the properties of the de-icing agent in order to evaluate its applicability to road facilities.
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Table 1 Chemical properties of desulfurized slag

SiO, ALO; Fe,0O; CaO MgO SO; lg-loss

component

ratio(%) 7.5 49 140 544 3.7 47 137

Table 2 Chemical properties of calcium carbonate by-product

SiO, ALOs; Fe,O; CaO MgO SO; Ig-loss

component

ratio(%) 2.1 1.1 26 517 23 1.0 418
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Table 3 XRF analysis result of oil refining by-product

Analyte mg P S Ca v Mn Fe Zr Al Si K Ni Sr Content
Compound formula MgO  P,0s SO; CaO V05 MnO; Fe03 ZrO, ALO; SiO, K,O NiO SrO 65 ppm
Concentration(%) 0.428 0.052 18.6 78.0 78.0 0.139 0.577 0.026 0.188 1.76 0.000 0.039 0.066 ND
Table 4 XRF analysis result of calcined sludge
Analyte Mg P S Ca Fe Zr Al Si K Mn Sr
Compound formula ~ MgO P,0s SO; CaO Fe,05 V4(0)) AlLOs SiO, K;O MnO, SrO
Concentration(%) 0.847 0.057 0.107 90.2 3.34 0.020 1.26 3.97 0.001 0.169 0.041
Table 5 Composition of waste glycerine 2.2 &g
Item Waste glycerin Crude glycerin 2.2.1 A=Y
Glycerin content(%) 66.2~85.9 80~81.5 124 AVdA eSS 2l thaath 22 1 o =2 A %5}
pH 2.0~11.7 - At A, A 240 SibdaS AdE] SRR 26l
K(%) 1.1~1.5 - o] E3tEo 2ATF] 2H00~300% FEo] -7 OPHEAT
Na(%) 0.5~1.25 - e Tst] §ESAZ| A, afIEHRE o]-85te] YAt
Cl(%) 0~2.16 - B e H AEFOlE Sl nHFe B2 ARESol= 23y
%) 0-14 - 1 AR S e 54 ke At
Ash(%) 1.8~4.34 5.5~9.0
Mpisture(%) 0.63~21.01 8~14 2.2.2 v A
MOMG(%) 5333092 05~15 OPEARERAERZ: 111, 2:1 Hgtell Al HREEo]| A
E3to] o] Fof2|2] ot Hiftz oA Al QlstSirt. TRt A2kt
Table 6 Mixing conditions
No. Mixing condition Unit(g)
Item Mixing ratio Acetic acid Calcium carbonate Water
1-1 Acetic acid, Calcium carbonate 3:1 480.0 132.0 528.0
1-2 Acetic acid, Calcium carbonate+ Crude glycerin10% 3:1 480.0 132.0 528.0
No. Mixing condition Unit(g)
Item Mixing ratio Waste acetic acid Calcium carbonate Water
1I-1 Waste acetic acid, Calcium carbonate 1:1 200.0 166.7 666.7
11-2 Waste acetic acid, Calcium carbonate 2:1 340 141.7 566.7
1I-3 Waste acetic acid, Calcium carbonate 3:1 480.0 132.0 528.0
II-4  Waste acetic acid, Calcium carbonate+Crude glycerin10% 1:1 200.0 166.7 666.7
II-5  Waste acetic acid, Calcium carbonate+Crude glycerin10% 2:1 340 141.7 566.7
II-6  Waste acetic acid, Calcium carbonate+Crude glycerin10% 3:1 480.0 132.0 528.0
No. Mixing condition Unit(g)
Item Mixing ratio Waste acetic acid  Calcium by-products Water
III-1 Waste acetic acid, Desulfurize slag 3:1 430.0 118.3 473.0
1I-2 Waste acetic acid, Calcium carbonate by-products 3:1 430.0 118.3 473.0
11-3 Waste acetic acid, Oil refining by-products 3:1 430.0 118.3 473.0
1I1-4 Waste acetic acid, Calcined sludge 3:1 430.0 118.3 473.0
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Fig. 3 Photograph of melting test
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Table 7 Evaluation of concrete freeze-thaw performance

Type Mixing ratio(%o)
Water : Deionized water 9.11
Cement : Ordinary portaland cement(KS L 5201) 17.79
Sand : Standard sand(KS L ISO 679) 31.13
Gravel : Dried crushed limestone(d=5~10 mm) 41.97

Fig. 4 Photograph of freeze-thaw test
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Table 8 Basic properties of environment-friendly de-icing agent
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No. Mixing condition Solid content Densigy Viscosity
Item Mixing ratio (%) (g/enr) (cps)
I-1 Acetic acid, Calcium carbonate 3:1 12.88 1.110 10.8
12 Acetic acid, Calcium carbonate+ Crude glycerin10% 3:1 13.54 1.165 13.6
II-1 Waste acetic acid, Calcium carbonate 1:1 8.640 1.050 6
11-2 Waste acetic acid, Calcium carbonate 2:1 13.55 1.076 6.6
11-3 Waste acetic acid, Calcium carbonate 3:1 16.68 1.094 8.1
11-4 Waste acetic acid, Calcium carbonate+Crude glycerin10% 1:1 10.21 1.087 6.3
11-5 Waste acetic acid, Calcium carbonate+Crude glycerin10% 2:1 14.12 1.098 6.9
11-6 Waste acetic acid, Calcium carbonate+Crude glycerin10% 3:1 17.51 1.180 10.2
I1-1 Waste acetic acid, Desulfurize slag 3:1 15.40 1.090 7.5
11-2 Waste acetic acid, Calcium carbonate by-products 3:1 8.170 1.056 5.7
11-3 Waste acetic acid, Oil refining by-products 3:1 15.35 1.090 7.5
11-4 Waste acetic acid, Calcined sludge 3:1 15.44 1.090 7.5
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Fig. 6 Result of ice thaw melting experiment at =7°C
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