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Development of High-Speed Pickling Process for Cold-Rolled Stainless
Steel Strip and an Automated Analyzer for Pickling Solution
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To establish a high-productive manufacturing process for ferritic stainless steels used in the automotive exhaust systems
and so on, a new pickling process in the continucous annealing line (CAL), designed for producing plain carbon steel, was
developed. The oxide film composed of Cr;O0; and FeCr,Q, is formed on the surface of the stainless steel strip annealed
in the CAL. This oxide film can be completely descaled in a very short pickling period by the new electrolytic pickling in

nitric acid (HNQ,) with an appropriate amount of hydrochloric acid (HCl).

In addition, the surface quality of the steel

strip produced by this method is as good as that produced by the conventional process. To keep good descalability for the
new pickling methoed, the control for the Cl- cencentration of the electrolyte within an optimum range is important.

Therefore, quantitative analyzing methods for Cl-,

Fe and Cr in HNOQ,-HCI acid were established, and the automated

analyzer was also developed in order to apply the new method to the commercial production plant,
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Photo 1 SEM image of oxide film formed on type 409 steel
annealed in CAL atmosphere
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Fig. 1 Results of X-ray diffraction measurement of scale on
type 409 and type 436 steels annealed in CAL atmo-
sphere
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Table 1 Effect of several additives in HNO, acid on de-
scaling efficiency®
Electrolyte {amount of additive) Descale
HNQ,+Cl- (Cl-: 4g/ D) Complete
HNO,+F- (F- 1 40g/ D) Complete
HNO, +FeF#~ ({FeF.* : 45g/1) Incomplete
HNOQ,+50,2 (80,% - d8g/{) [ncomplete

¢ Electrolysis condition: HNQ; 150 g/f, 20+1 A/dm?,
60+2°C,3.05

Table 2 Comparison of C1 and F~ additives

Electrolyte HNO,+ClI- HNO, +F-
Surface quality of descaled smooth rough
steel
Corrosion resistance of good slightly
descaled steel poot
Durability of electrode long short
Cost of chemicals low high
Handling of acid easy troublesome
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Fig. 2 Appropriate range of concentration of HNQ; and
HCl for electrolytic descaling (Electrolysis condi-
tion: 25+ 1 A/dm?, 55%£2C, 3.0~4.0s)
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Fig. 3 Effect of current density on descaling efficiency®
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Fig. 4 Effect of temperature of electrolyte on descaling
efficiency®
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Photo 2 SEM fmage of type 409 steel annealed in CAL
atmosphere after immersion in HNO,-HCI acid
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Fig. 6 Behavior of potential of type 409 steel electrolyzed in
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Fig. 7 Effect of 1IC] concentration on anodic polarization
curve of type 409 steel in IHNO, solution
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Table 3 Analytical equipments

Kyoto Electronics AT-118
TOA Electronics GST-155C
TOA Electronics HPP-105
Kyoto Electronics R-111
Orion No.90-02

Orion No.94-17

Automatic titrator
pH electrode

Platinum electrode
Reference electrode

Cl electrode
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Table 4 Comparison of concentration of free Cl between
calculated values and measuared values with Cl

electrode {(mal/!)
Added value Calculated | Measured
HCl FINO, Fe? value value
0.020 0,25 0.02 0.0175 0.0175
0.05 00149 (.0159
0,10 0.0128 0.013
0.30 .02 0.0175 0.0181
(.05 0,0152 0.0156
.10 0.0131 0.0134
.35 0n.02 0.0177 0.0175
0.05 (}.0155 0.0156
0.10 0.0134 0.0139
0.01% 0.30 0.02 {.0088 0.0091
0.05 0.0076 (. (080
| 0.10 0. 0066 0.0067
4 Added as Fe (NOj),
Descale
O Complete

® |ncomplete |
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Fig. 8 Appropriate range of concentration of free Cl and Fe
for electrolytic descaling
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Table 5 Analvtical results for free acid, Fe, and Cr in
electrolyte tmol/{, #=5)

Free acid Fe Cr
Certified* 2.74 0.12 0.015
Sample A X 2.722 0,126 ¢.016
0.020 6.001 0
v 0.74% 0.61% 0%
Certified* 2.28 0.55 0.037
Sample B X 2.290 0.557 0.041
o 0.018 0.004 0
Ccv 0.80% 0.66% | 0%

*Certified value
Free acid . Obtained by neutralizaton titration method
with masking Fe

Fe, Cr . Obtained by atomic absorption spectrometry
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Fig. 10 Scheme of automatic analyzer system
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Conventional method
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Photo 5 External appearance of descaled type 409 steel
after salt spray test (24 h)
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