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The Descaling Behavior of 410 SS in Sulfuric Acid
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ABSTRACT

The electrochemical behavior of annealed 410 SS during descaling in sulfuric acid solution
was investigated. The effects of sulfuric acid concentration and temperature on the effectiveness of
descaling were also studied. The morphology, composition and structure of the annealed scale
formed on 410 SS were examined by using SEM and XRD. During pickling, the open circuit
potential (OCP) of each specimen was measured by using a potentiostat. The results showed that
the scale formed on 410 SS during annealing was mainly composed of (Cr, Fe),O,. After molten
salt treatment, only Fe O, was observed on the surface of the annealed 410 SS. The experimental
results demonstrated that potential decay measurement was a reliable method to predict the end
point of pickling. As the potential of the annealed stainless steel in sulfuric acid was decayed to
the corrosion potential of the bare metal, satisfactory pickling was achieved. Furthermore, the
activation time ( 7)) required for complete descaling decreased with increasing concentration
and/or temperature of sulfuric acid used.
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1. 410 SSZALEHAR Y o (wt %)
Table I Chemical composition of 410 SS.(wt%)
Et Cr C | Si [Mn]| P S | Fe
410 | 11.5~13.5 | <0.5 [ <1.0 | <1.0 [<0.04]<0.03| Bal.
Fe2. HRRRT o (Wt%)
Table 2 Chemical composition of molten salt. (wt%)
NaOH | NaNO; | NaCl | Na,NOj;
60 30 7~8 2~3
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Table 3 ICP results of iron ion content for 410 SS pickled in H2SO4 at various

concentrations and temperatures for 2 min and ¢ +5 min.

H,SO, conc. 10% 25% 40%
m 2 min T+5min 2 min T+5min 2 min T+5min
45°C 1.25 14.3 5.3 21.8 7.1 24.5
60C 44 26.4 6.6 37.7 13.7 54.5
75°C 8.9 29.7 10.9 70.9 7.1(1 min) 70.9
A 3
5 850 30°C/ hr
: / AN
2 700 iy >
5 :\ 50°C/hr
g 600 S— ! :
5 I :
= 550 H H H
H H 10%H,+N, H .
2Ne PN N
Time
= 1. 410 SS 73R ki e -
Figure 1 Heat treatment patterns displaying the annealing process of

410 SS in the mill.

A: (Cr, Fe),0,
B: Fe304
B A
(b) B
AA
@) A
| | | | | | |
30 31 32 33 34 35 36 37 38

Figure 2.

Angle (20)

() 5410 SSIRKMAIFIHE TG 85 BAEH Fr RISl T s
ZX-ray FERSEIE » (b) RN R KM HCEE S s -

X-ray diffraction patterns for the scales scraped off the
surface of (a) annealed 410 SS and, (b) annealed 410 SS

after molten salt treatment.
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3. (a) 5410 SSIR KM & AALEE Bt 1h JE 8 Jr HED S [ fiw i et 70 #r
(Mapping) » Hr1(b) Fe > (¢) Cr > j2(d) O -
Figure 3 (a) SEM cross-sectional micrograph showing the morphology of the annealed
scale on 410 SS, and EDS mappings for (b) iron, (¢) chromium, and (d) oxygen.

M Z0um 1 Iron Kal
(a) (b)

M 20um 1 Chiomium Ka M 20um 1 Oxygen Kal_2
© (d)

[l 4. (a) FA10 SSIRAKMFESHNR BRI - F5BL LRI RE S HEDS Tt A7) 70
Hi(Mapping) » Iri(b) Fe > (c) Cr » (d) OJCH#

Figure 4 (a) SEM cross-sectional micrograph showing the morphology of the annealed scale
after molten salt treatment on 410 SS, and EDS mappings for (b) iron, (c)
chromium, and (d) oxygen.
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Figure 5 (a) Curve showing the OCP result for annealed 410 SS pickled in 75
‘C, 25% H,SO, and macrographs of (b) annealed 410 SS underwent
molten salt treatment and (c)~(¢) pickled at T1~T3, respectively.

-360-



410 AN 5 o 1 R0 v oz B 8% 17 13 WF 52

Bea 26 /AUG/BZ
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Gl -

Figure 6 SEM micrographs showing the (a) surface and (b) cross-sectional
morphologies corresponding to Fig. 5 for 410 SS pickled in 75°C,
25% H_SO, to time T1.

(358 SBnm BBBB Z28/AUG/BZ

(b) (©)

7. (a) RyfSHEERER IR 2 410SSHRKAIRTS C ~ 25% H, SO 13 Hhie vt T2([l5(a)) IRF IR s g
L ARITAYRERE] - (b) MEEREEW: K (o) FREE kG -

Figure 7 SEM micrographs showing (a) surface morphology; (b) and (c) cross-sectional morphologies at
different areas corresponding to Fig. 5 for 410 SS pickled in 75°C, 25% H,SO, to time T2.

X358 SOmxm 0000 ZB/AUG/BZ

X358 SBmpm BBB6 Z9/AUG/BZ

(b)

[l 8. (a) FfSERA IR ZA10SSHRAMIRTSC ~ 25% H, SO, IS -PERVET3 (1S (2)) RF IR TS HE
ZTHIITELE 5 (b) Se(c) MRl Fri@vt i MR 2 1 -

Figure 8 SEM micrographs showing (a) surface morphology ((b) was the magnification of (a)); (c) and (d)
cross-sectional morphologies at different areas corresponding to Fig. 5 for 410 SS pickled in 75°C,
25% H,SO, to time T3.
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Figure 9 Potential decay curves for 410 SS pickled in 25 wt% H_ SO, solution at

different temperature.

3600
i H,SO,
(a) 10 wt %
3000 \ (b) 25 wt %
= - \ (c) 40 wt %
] \
% 2400 |- ()
E - \
= \
= 1800 — N A
2 \
= - g )
>
S 1200 - N (b) AN
9 N ~
< N N
- ~ AN
\\ \\
600 |— () N
P
o | \fL “““ o
30 45 60 75

&l 10.
IRf I ALIREE]

Temperature (°C)

920

410 SSR KM FEEETER PR > FRRIRIELE  JRIEH SO WA e T vt

Figure 10 Curves showing the relationship for annealed 410 SS pickled in sulfuric acid
between the reactivation time ( 7) of the scale and the concentration and

temperature.
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