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The Development of Water-Soluble Black Coloring Agent
and Its Application
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Dept. of Metallurgical Engineering, Pukyong National University, Pusan 608-739, Korea
“Dept. of Industrial Engineering, Pukyong National University
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Abstract In order to develop the economic and environmental water-soluble black coloring agent, some adequate
chemical mixtures were mixed and this solution was applied to coat quenched and tempered 51B20 steel bolt. Some
basic properties of the solution and characteristics of the coated film in addition to the corrosion resistance were
investigated. The developed 100 kg of water-soluble black coloring agent solution was a chemical mixture consisted
of 10 kg of aqueous coloring agent, 40 kg of surface active agent, 0.3 kg of anti-foam agent and 50 £ of water. The
coated film of the bolt was composed of hard layer of about 2 um and the disbondable soft layer of about 4 um above
the hard layer. Many surface active agents peaks and a few hydrophilic peaks were observed in the coated film. Sur-
face roughness value of the coated bolt was lower than that of the non-coated bolt. Corrosion resistance of the
coated bolt considerably improved and also relatively showed a good polarization resistance at test condition of 40°C
colorizing temperature and 5% the solution concentration in 3% NaCl anodic polarization test. Initial appearance time
of the surface rust was greatly retarded owing to the coated film in salt spray test.

(Received July 15, 2002)

Key words: Water-soluble black coloring agent, 51B20 steel bolt, Characteristics of the coated film, Corrosion resis-
tance.
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Table 2. Mixtures and its amount added to make a water-
soluble black coloring agent solution

G-1 AF) 2 HAGFAZIEA AR 22 A 81 Mixture An amount of mixture
o}, W AR Solol] BatE kR dxje] BY Aqueous black coloring agent 10 kg
ol 7= ol YRS o)gsled =AsiAr). Surface active agent (I-HI) 40 kg
B9 AzE F84 FTUHYAE Table 10) vepy _Antifoam agent 03kg
sietzde 713 AlSI 51B20 REAGHA: M20x25P) e 501
Table 1. Chemical composition of 51B20 bolt material used for coating

Material for Chemical composition (wt.%)

coating C Si Mn P S Cr Ni Cu B Fe

AISI 51B20 0.19 0.20 0.75 0.022

0.018 0.73 0.02 0.01

0.0019 Bal.
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Table 3. Basic properties of water-soluble black coloring agent solution

. . Concentration of solution (%)
Basic properties
3 5 7 10 25 50 100
pH 7.0 7.1 6.9 71 6.9 6.8 6.6
Surface tension (dyne/cm) 41.5 40.0 39.7 39.2 35.6 334 36.3
Contact angle () 55 49 48 47 45 43 4
Viscosity (poise) 0.01 0.01 0.01 0.02 0.04 0.06 1.50
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Fig. 1. Typical micrograph showing the cross section
microstructure and coating layer of 51B20 bolt (A; base
metal, B; hard coating layer, C; soft coating layer).
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Fig. 2. Absorption peaks of coated film analysed by
infrared spectrometer.
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Table 4. Surface roughness value of 51B20 bolt

. OR.Speed : 0.1 mmy/s, M.Length :
Measuring 3.0 mm, Cut off : 2.5 mm
condition
Ra RMS Rz R,.D
Before coating| 2.8um | 3.6um | 12pm | 21.2um
After coating | 25um | 3.1um { 13.1um [ 16.2 um
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Fig. 3. Effect of colorizing temperature on polarization

curves (a) and [, and R value (b} of 51B20 bolt colorized
at the concentration of 10%.
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Fig. 4. Effect of concentration on polarization curves of
51B20 bolt colorized at the temperature of 40°C.
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at the concentration of 5%.
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Fig. 6. Feature of 51B20 bolt after salt spray test (spray
time; 24 hr, exposure time; 45 hr).
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