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Synopsis :

In order to obtain a high descalability behaviour of stainless steels in the annealing and
pickling line (AP line), the electrolytic pickling in the neutral electrolyte has been
investigated. The chromium oxide in the outer scale layer can be readily removed by the
pickling, whereas the silicon oxide in the inner layer condences on the surface of the
steels after electrolysis due to its great difficulty in dissolution. The electrolyzing
pattern also considerably affects the efficiency of descaling. To prevent the re-adhesion
of the removed oxide to the descaled surface, cathodic electrolyzing of the steels
following anodic one must be avoided for improved efficiency. Furthermore, control of
composition of the electrolyte, especially the reduction of Cr6 + is also important for the
descalability. On the basis of these results, the new flow sytem for electrolytic pickling
in the neutral electrolyte has been developed and applied to the AP line of stainless

steel at Hanshin Works.
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Characteristics of Electrolytic Neutral Pickling

for Cold-Rolled Stainless Steel Strip
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Synopsis:

In order to obtain a high descalability behaviour of stainless steels
in the annealing and pickling line (AP line), the electrolytic pickling
in the neutral electrolyte has been investigated.

The chromium oxide in the outer scale layer can be readily re-
moved by the pickling, whereas the silicon oxide in the inner layer
condences on the surface of the steels after electrolysis due to its
great difficulty in dissolution.

The electrolyzing pattern also considerably affects the efficiency of
descaling. To prevent the re-adhesion of the removed oxide to the
descaled surface, cathodic electrolyzing of the steels following anodic
one must be avoided for improved efficiency. Furthermore, control
of composition of the electrolyte, especially the reduction of Cré+ is
also important for the descelability.

On the basis of these results, the new flow sytem for electrolytic
pickling in the neutral electrolyte has been developed and applied to
the AP line of stainless steel at Hanshin Works.
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Table 1 Chemical composition of specimens used (wt. %)
Specimen C 5i Mn P S Cu Ni Cr Nb N
A 0.063 0.26 0.52 0.032 0.003 0.01 0.10 16.3 0.01 0.027
B 0.009 0.51 0.17 0.025 0.003 0.53 .16 19.1 0.46 0.012
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Fig. 1 Change in surface characteristics during the electrolytic
neutral pickling (current density: 6 A/dm?)
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Fig. 2 Depth profile of alloy elements of specimen B before
and after the electrolytic neutral pickling
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Fig. 3 Thin film X-ray analysis of the surface of specimen B
before and after the electrolytic neutral pickling
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Fig. 4 Change in the surface characteristics of SUS 430 with
electrolytic pickling
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Fig. 5 Change in the constitution of reutral electrolyte with
the descaling of stainless steel
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Fig. 6 Effect of the electrolyzing pattern in neutral electrolyte
on the gloss of the surface of specimen A

Table 2 Constitutions of electrolyte used (gfh)
NagS0, Cré+ Cret Fest Fett Nit+
194 4.2 0.04 0.03 <0.01 0.08

i, HELT T AR L BRA Yy — ARG D Tl A
F AR HROCEIT L LD,

o, Bz — oAy —AdnRETESCOWTHE
LikR% Fig. 6 iond, AR EddALERL, BER
i Table 2 [ R-#E &/ 5 ERHEHEAHEOC 20% HEgrt ) v
LB . BB s — ik, BT S A, ST A
2 A FRAR, FIA-RAFA-TFARLUP A FA-T7ADLE
W g — s Tieick, 77y vy riililic, vk, BERHL
LTREA Yy — Atk BEET 5477 ARRSHTEE L,

75 ARBOR T, BREN 10BRETHRA r — A Sh B,
F5 A-w A FARRETIE TS 7 A BRI L A BET
L& st Ay — ABEATORV. ZORAR, 77 ABREE
BTIRA - ANRNERY EAE - TR, ThrBRancki
LirwT~4 > 2 E@T5E Photo 2 W RTZ&E Ay —LOF

500 |-
JA/dm? X 10s
o 400 A
E /// ) -
w ey
8 ~
O T
300 3A/dm® x 10s
200 —3A/dm? x 10s
L, L 1
| 5 10
Crét{g/ 1)

Fig. 7 Effects of electrolyzing pattern and Cr®" jon in the neu-
tral electrolyte on the gloss of the surface of the speci-
men B

HEEE LD ThHD, LOWE FFA~1FA- 75208
BAZ— VY TIRFFTA-TAFABBRTELLEBIE Ay A%
BTG ARMCBEETI LR lAr —ABENETTEHZ
ETHRE, —~H, 24 FA-TFADEH A5~ TiLFig. 6 0T
X FIABBOREA LB Ay —VEDIEE LR,

Thbb, = 4FABRILT ARSI ERVCCITbha LA
e ADEREYE LA -DREAr —AMCEETCH LS, BHTE
A —AELALERC 1 ABREEE TS5+ -7
5 ABEDBETILT 5 LIREREIA Ulevs

B BEMERLEE0O A FA-7 7 ABE BT DK
Ay —AdonT, HREMORL 2EREYAVTERECHE
B ok Ot BECHM LR Fig. 7 27T,

Crot BEEMN Sg/L 2l B LA FA-FIABE A A2 —viEE
WTABEA S —AEMIETT 5, cORRI, Bl TsIE< <1
F ARECHRHEECERWA R Uik T, FHEEBHECS
WTRERERDO o BEOEELARETH S,

Lt2iaT, 1BO~=A3+A-F3ABETHAr — 1%,
HOREBRETR LT, FIABRMEA T AEBER VBT
KOBEAF - VvEBLLIRAr - AN TERECHL 2t
PIETEHRRA » — A DTEETH 5,

As annealed
{850°C x 10s)

After anodic
electrolyzing
(3A/dm?® % 10s}

After anodic
electrolyzing
followed by
cathodic one
(3A/dm?x 10s

——§A/dm* x 10s)

Photo 2 Appearance of the surface of specimen A before and after the electrolytic descaling in neutral electrolyte

JEERIERER Vol. 23 No. 1 1991

— a2 —



]

A% v AL O P RN = b — L B 33

4 E =

BETHELAE L S EREA y — ATk, =AM FA-TF
ABECEVTE, YA FAERETHA - A ENEEIR IS
sadh, FORERERECEANMNT b bEF~OER A4
OREELIMERSEEELBRD, £ T, BAyr—ABE LR
5 ~A4+F ARBEOREEIC OV THESEE THE L.

SUS430 2BH A BE L LT, 20% W@tV 7 A DFiB L
Table 2 KR LEEEA 7 — At L BERCTRZE LS Y
— F4rREY Fig. 8 wiRd, FRCILRRRERIEZH Y~ F
WFE OIS SR B, SR VAR LAIRBTRARRE
oo v - FREEIER ED L.

2T, BhEAOREDOAkE Cr 440y v — FOEEE~
OEEIronT, Crt XU G f A vy T h ChBEcEmL
FHETHEE LRy Fig. % K200 0RT, £, IHEE

{(V vs Ag/AgCh
—1.0 0

< 1-2

Used electrolyte
-4

&
New electrolyte =
200g/! Na:S0. | <
(80°C, pH4) —6
4 -8
4 -1

Fig. 8 Cathodic polarization curves in the used and new neu-
tral electrolytes

(V vs Ag/AgCl)
-20 -1.0 Q
1 X
7 Q
Crﬁ+
no addition )
2 g/t additicn
5g/! addition 4
/ 10 g/ addition £
<
-5 =
1-8
1-10
200 g/ f Na2SOs electrolyte
(80°C, pH4) 1y

Fig. 9 Effect of Cr® on the cathodic polarization curves in
the neutral electrolyte

— 33 —

Cr £ vEHEnLiHEdT, SUS430 2B#% 60 RERE
FELABEORRRALRHETO XRE & olFy Fig. 11 =
R [HOBE, —1.02kb —1.25V vs Ag - AgCl OEIRT
BEEEH-VEYIBEE2IhL, TOEBERL Fig. 8 THo bR
A MEROBMSE L NIE L TwB, —H, C A+ w2l
WTEAIEN EBESIBHE IR, i, O 1 vRINOS
HECIAMBRIITRH SR A NEERIR S bhithot, Fe 1
A vEEN L - BE, BirElgT o Fett, Fedt Lhimig s+

(V vs Ag/AgCh
-2 - }.0 0

no addition
2 g/ addition

5 g/1 addition

4 -4 &
/N 10 g/ ¢ addition E
T
/; <
’ 1-6
i 18
i
i
,7 // 4-10
i
f 200 /1 Na2504 electrolyte

(30°C, pH4)

Fig. 10 Effect of Cr®** on the cathodic polarization curves in
the neutral electrolyte

300
~Cr%2g/{ added
Cr%*5g/ ! added
]
=l 600
[ Used electrolyte
({contains Cr¥¥etc.)
400 -
Used electrelyte
{(contains Cr®*etc.)
200
600 - )
Cri*0.2 g/ added
@
=
© 400 o
Cr*0.5 g/ added
200 Base composition
of electrolyte : 20% Na2:50s
80°C,pH=4
Electrolyzing : 60 s
! 1 1
0 -2 -1 ]

Potential (V vs Ag/AgCl)

Fig. 11 Influence of Cr®* and Cr®* ions on the surface speci-
men A electrolyvtically pickled in the neutral electrolyte

N Rk #eR Val. 23 No. 1 1991



34 AT v v ARESAE OREEBRI R - VR

BO0K o e % L9

Qa-Fe i

& Characteristic X-rays

B Deposite
&
o 25

A aN P
1000 20,00 Y 60.00 80.00

248

Fig. 12 Thin film X-ray analysis of the deposite on the SUS
430 # 2B steel sheet cathodically electrolyzed at —1.0
V vs AgfAgCl for 60 s in the used neutral electrolyte
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