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ABSTRACT: The work aims to study effects of pickling solution concentration, temperature and oxide scale thickness on pick-
ling time of high strength steel, and establish an integrated pickling model involving pickling solution concentration, tempera-
ture and oxide scale thickness. End time of pickling was determined by introducing the near zero method of electropotetial de-
rivative. The effects of pickling solution temperature and concentration variation on pickling time of different thickness of oxide
scales were studied by further performing experiments. Multicomponent fitting was applied to experimental data, and finally or-
thogonal experiment was performed to analyze correlation among the three factors. The oxide scale was completely removed
when electropotential derivative of pickling solution reached —0.0025 V/s. Pickling time reduced dramatically when concentra-

tion of pickling solution increased to 10%, and further increasing the pickling solution concentration did little to help shorten the
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pickling time. The pickling efficiency reached the maximum when the pickling solution temperature reached 80 “C. Further temper-

ature increase would not only waste energy, but also increase volatilization of hydrochloric acid and prolong pickling time. An inte-

grated pickling model was established, actual high strength steel pickling data was introduced into the test. Error of acid pickling

time was less than 8%. The effect of oxide scale thickness on the pickling time was higher than that of pickling solution temperature

and concentration. The pickling of strip steel shall be completed at appropriate pickling solution concentration and temperature.

Pickling efficiency shall not be improved by increasing pickling solution concentration and temperature blindly. Orthogonal expe-

riment shows that building an integrated pickling control model allowing for factors affecting oxide scale thickness exhibits excel-

lent accuracy and validity in predicting end time of pickling, and is of great importance in engineering.

KEY WORDS: high strength steel; pickling; derivative near zero; linear fitting; orthogonal experiment; model
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Fig.1 Schematic diagram of pickling test apparatus



. 278 - £ m H R 20174 11 H
1.1 BB MmE FEBA ] RN 225 0, 174 K B R Yk B 1] £330

HE ) B 2 1 2 P e e A AL A AR A R B
Jy 80 C . ME (X LITESFGT) N 12%HEh
FRIA W P FEATRR VRS2 56 , BE EAr R DRSS R, o
PUBEAS R A Ay, R E A iR A, AN
I FsF [) F 58 0 i A0 o (ETE SEBRIR PR SE 56, FL A
AT AR H 5 4% o HL 7 2R AE R VR 45 AR A I AN BE L
IEEHKFE L (EDRALAAS ), 2 h TR
Wrksk B YR R FEUh R 28 TR , Sl

2 mm

alSs
&l 2

b2ls
AN TR R W B[] T A AN R T 30

FERRIEIR , J G FRVE o PRI S e DR A A4 i 1 1y
AL B PR UE SIS 8], X T RRUE AR M i i A 4 2

1.2 BMEIHRLESHHE

BGREE RS M 50 mmx10 mmx2.6 mm A BN TE
W N 12% 09 Tl 3R FR i AT RR PR 1A% , 430 B = A~ Bsf
() LT 9 R T S fb S PR DR R B, I AR o 3
ICSER MG AT b, il 2 s .

2 mm 2 mm

c30s

Fig.2 Surface morphology of strip steel for different pickling time

&l 2a—c 73 R BR UL IS R Hh Aty 4N 2 T AT ik B B
FUEE R, 18] 2a AP ERUELT 15 s IFHUH B9 2L,
P 2b Shyi 8 3% 1 R AL B L (S SRR AR E( 290 21 s)
U IO, 18] 2¢ A 4NIRTE 30 s IFHCHH AT L .
WTRAKRBL, [ 2a Hali R A AR E AL RV 5
Kl 2b alf N AR e, IR A e ]
2¢ 5 2b W R, RULH i A RRUEIRE .
A S I O A R L (2 A L S R A LA 3

— 0.015

—

-0.15F ——dE/dr |10
-0.20} J0.005
-02s} 10000

2 :

3 -0.005

N o0k ~

~0.010
-035F -0.015
~0.40} J-0.020
ST 10 15 20 25 30 35 40
tls
B3 OR[ERRYEES 8] T Ay 5 HA S B AR ik

Fig.3 Variation of electric potential and potential derivative
for different pickling time
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Fig.4 Effects of different pickling solution concentration change on pickling time of five steel strips at different temperature
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Fig.5 Effects of different pickling solution temperature change on acid pickling time of steel strips at different pickling solution

concentration
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