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The Influence of Scale Structure of Hot-Rolled Steels
on the Pickling Performance

C. M. Liao*, S. L. Lin
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ABSTRACT

Before the cold-roll process, pickling is applied to the hot-rolled coils to remove the oxide
scale on the surface. The pickling efficiency is affected by the scale properties. Understanding of
the relationship between these two is the main purpose of this study. Three hot-rolled coils with
same compositions were pickled at 85°C, under hydrochloric acids with three concentrations.
The higher acid concentration, the shorter the pickling time for all these three steels. The pickling
rate of oxide scale at various locations and coils are different. Basically, the oxide at the end coil is
easier to be removed than the beginning coil. Magnetite (Fe;O,) is the major oxide structure for all
these three coils. Hematite (Fe,0;) exists on most of the side area but not on the center of the coils.
The oxide structures are complicated, either compact or loose, thick or thin, with or without
hematite. They are all different at various positions, including outer or inner part, edge or center of
steel coil. The major factors affecting the pickling rate are scale thickness, compactness, and the
oxide structure, especially the amount and continuousness of hematite.
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edge of outer portion of coil A.
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Table 2  Scale thickness and results of pickling at different position of different coils.
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log(t,)-log(Cyy) relationship of three coils according to the Hudson equation.
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Table 3 The coefficients obtained by Hudson Equation from pickling results of various acids.

Fifs B b ifl atd/358
A -1.455 2.082
B -0.547 1.559
C -0.982 1.652

-337-



e A 37 A 6234 2006 F 12 7]
600
(5)
g; 500}
© (4)
& 400F
g
= 300 (2) Q)
(3)
200
| | | | | | |
20 30 50 100 200 300 500
Time (min)

o

Fe, O §8 [~ eV Sl F‘ -k W‘lﬁ'm s ELFLIFBY(1)~(2) KB SRS -9 FeO > (3) I'| Fet+Fe 0,°(4) I'] Fe+2Fe,0,

(5) I'] 2Fet+Fe;0, izt @TUJ/ FeO o ELF1QQ)kLT: & 5 pl157 it > B R g Al e

Figure 6

steel, (3)~(5): FeO formed from Fe and Fe,O, —

transformed in air, but others were in vacuum.

RS PJSGF A= [IAIE] a-Fe - ?iiﬁﬂf?ﬁ:‘kf fli o J\If'f
SYHIE) Fe,Oy b H RLAMIS T T 5 0 {111 Fe,O
st ng o (e ST - EF) e A SIHTE] Fe0,
[/+I'EE[’EHH ‘f'F{JiyEJ,PjEJF['ﬂ[ —kJ/PJ
7 AP A u nF?’iFE'P i ’ﬁ: (eps U &5 R AT s

£ E
S B

The time-temperature-transformation diagram of Fe, O transformation. (Marker — line (1)& (2): oxide on

(3) Fe+Fe,0,, (4) Fet2Fe,0,, (5)2Fe+Fe,0,. (2) was

F i Wl”fiiflf’“‘ﬁﬂ"i'ﬁl f“[ bh 2 5 Fe,O; o

3.3 BRAFIEREE R
E[l[\ 3.1 ﬂ:[ 32 5’““[/”“\:[[:{7'\! , F]Jipif[:@[irlﬁ*ﬁk

S = TR 140 545 L Y B L

|

} Fe;0, 852 > [fi Fezos E'H%'*fﬁ[’ﬁ fk‘ o [T R R RS VP 3 %Mll%ﬁ‘}ﬂ"“_“ Nl
LT ] Fe,, - SIS LRI AL P
* 4. T IS T I L (S8 XRD 3 -
Table 4  The results of XRD analysis of the scales of various steel coils and positions.
Bt fib fgl' SR (mm) a-Fe FeO Fe,0, Fe,O;
A H2-iEy e v V v
HI17-Fd 1o 6 v v
T2-= B35 ' v v v
T17-5= B[ 1o 3 v
B H2-iEy .Jlg 38 v V v
HI7-fsp e 54 \ V
T2- = E ' N v v
T17-= 8 1o N J
C H2-ff; .J|EJ v v
HI7-fsp e 26 N v
T2-= B35 ' v v
T17- B:'f‘ e 3 v

-338-



BN S 5 O R SRR A I Ry

20
y = 0.6669x + 8.3571

R?=0.2265

(s)

il

P B B
*

10 11 12 13

FHHLEE (1m)
{7 R R R A Fj% 7 e

Figure 7 The relationship between scale thickness and pickling time.

3.3.1 BB EHERSTIT Rk

féﬁﬁ Iy & fi j%,pj%@&@@ﬂp% 2 FrA- 7,%’
5 N R SR | ?U ﬁ"[i (1) [l &tflpl- jfg
NI

;vﬂ%pl%@w@fm B RHITCOR S
A BRSO 424 um s (2) BN APEEAL l/f, &,
S (1)) R T AR 25 3) fﬁJ
LN Ei“grfﬁ'%’H[_}\rffF]' I/g‘;ﬁi,'gj@ﬂjﬁ’"
555 (4) (TN R B PO o)

%@Rb UG eyl e e e
i = > Frrt[%q(lgm& AR

[ﬁ[ 7,5_}#]’&:#%% VGBI 415 N JE
@Wﬁ&h&ﬁﬁﬁﬁfVFﬁ B A
%wrﬁj@?ﬂg}ﬁlﬁg]@, E&frfg‘;ﬁi,ﬁnggl“ﬂj;tﬁ
FiE =

¢3u§ﬂiﬁ$%JCHVWWﬂWW
P IR R A e el (BT 9t - E BRI Bl (7
[ = PR R (9t [%*')EQ‘@% fijfese 2 fre =g
- ‘r‘:i’glﬁt‘f?ﬂ{jjf‘@g#&}%w F[”'&PJ 5(:[[ > A ??[I B s
P e 1 HVE T AR R
F[%”Jﬁ%m?[{i‘r%ﬁﬁ
PRI (THEDES =R () B - IR
"i DB PR R R

71,%%.,51

IEFJ MR C sV pE

-339-

3.3.2 FEEEBILE Fe,O, EREE I 2 BaR
BB REBRLY ) T LY s
:;é’e‘ﬂfi‘l‘ft(@‘#ﬁﬁﬂ@ SR AR~ FR R -

F’l pﬁ)‘ 'T’T)T rl _" F3203 -y 7:}‘1{‘] ﬂ[lgjﬁff LLJ‘T I' , j
g\FlHd* ﬂ%gél‘é%a‘gﬁaﬁt[i
i 5 }E‘\_ 4%# [/;}Vﬁlj { [J R[‘F[JF: ‘}7&'/1:’[

B{iﬁﬁlﬁf ‘/T%F PITEITE L o Eqﬁj 1(A 45 I/Eﬁ#[‘,'
FHIH] fﬁr*) 5 HEW:’E*@R 11.70 pm - &35 2(B 44
;c& I/gp#“EJ #Sﬁ[ thYEL 7.95 um > = %J@i;gil L

@ﬂ&ﬁtﬁﬂjr FETHS 15 ) RPN 55 A
R ol 2 VR RAEERR - 1l TG OH
£] Fe,05 0 [RHIEGH > SARE AL o (NI folhLih
VREIEBRIRA N T B PRI -
ARIFIFY - BT 4(C S5 = g fifi o0 )= S(C Sf5
I/Fr”f“ FITFE ﬁ‘{”‘) ?f“li&ﬁiﬁﬁf TR0 #5) > fH
ﬁ’}‘é@’@”{*? fil o ETY] 4 HEREE LR IEF Jlgﬁ'?é
i s B 3 L (E RGP R
BRIRR I o S - PRI -

EE R 1~ 3(B S I/E:"r‘ HIF ;ﬁ by~ 4
= HI LR ANT lﬂﬁ”ﬂ 4 ‘/P&ﬁiﬁﬁ Hib=25T A
B 10 7)o &)1 v 815 F) o &R 3 R
G 18 ) SERLPALE W4V%%ﬁtﬁﬁ‘#%ﬁs
B P NIF@MWME wify] 1= amwfy] 3 Vi
R FVRUS T o (PR H(Y Fe,05 V]



Fofp A 5y 5

g EH T B
PR -

F S = SEHSY FeO =Rk = (™ » &5 A0S

I'] Fe,0, £ » Sﬁﬂﬁ PR e Fey0y o PRIPTRIER %

4’ ;_@ﬁﬁéﬁi@‘@% [ Fe,0, Al Fe,0, » £ H ¥
LG > FHE “’""%‘%%%fvfziﬁt‘l& o A 5 pubtg
E![JH‘FE?J : Bﬁ HLRR G R E

4 Fe,0, > FIIE PRIKIIHIE R -

A F IFid I YR PR R, U P S E

S(D) FLRE Q) FHGEENE - (3) FHLAEA
F AL Fe,05 YRl W 3fisgl® -

S PRI R -y

FIPIE 2006 5 12 K|

1. pﬁ%@ S P Y TSR R

= (SRS ‘/,;5% FHI| FeO, tw ,ﬁ | Fe,0,

EI“[ﬂﬁ[ﬂrf AR s e m@,q« 114t

Fe,0; » flift ﬁ*ﬁﬂ““£4;PW“f”FWO

SIS = ™ £} Fe,0, & a-Fe o

Fi SV S LA IS » il ok
RS IS B ARV RS R

S Y S [ LA (F HLEL Fe,0,)

T g B PR R -

. PEVEVEISIR SR LR LU SR

it PR RHIE SR - 5
R 2 ok R R, -

4. 4E R SLN éﬁ}&%"‘%&ﬁ VEEPLE SAF R~
e  p ) e 7%“1‘* VFAFS (R HRL Fe,O5 gfivEl Mg %)
FPEFIFITTETD = 5o L Pk = L [ﬁ R -
a\:ﬂﬁ I/FTJ['; Tﬂ%@”ﬁlﬁﬁ I’ 5‘%“'/‘ Lﬂ:F T
A5 SRR - LT ES LT ERIE 4.15N) -
Table 5 The relationship among pickling time, scale thickness, and scale morphology (4.15 N HCI).
O SRS/l ik | S SRR 24 FHRIEFP
[ fEl(s) | ' (pm) 20 um
et % [
Ty | €17 5 Fe,0;
Fol t
Lp AEE IS TR
: ‘1\?371 FEA
T gy ‘F %JWT
S ¥
2| B | 15 795 Do
‘}Ej:_[/ F6203 °
e
Ty : ﬁ[%ﬂu%( i
3] B/A 18 11’09 R IE A g H
' o N2E
Fe,0; '
S ?‘*ﬁ\r 4l
. o1y FELZ 5 Fe,0,
Fol SEL - —
4| C/=% |10 1106 T A -
EEER
FA - g
50 C/= 10 730 TP -

-340-




BN S 5 O R SRR A I Ry

238H

1R TR BT bR A
e ?J%’ﬁ:% ) 303 (1980) 13603.

2. S. Yamaguchi, T. Yoshida, and T.Saito, ISIJ
International, 34 (8) (1994) 670.

3. R. M. Hudson, Iron and steelmaker, 30 (1991) 31.

4. E'i%«“\%ﬁﬁ%ﬁ FESHRIETAV) > 573 E (1) > 1A
2002 (R HEAY) -

5. R. M. Hudson, ASM Handbook, Pickling and
Descaling, Vol. 5 (1996) pp. 67 ~ 78.

6. H. A. Weriedt, in: "Binary Alloy Phase Diagrams",

2" ed., Vol. 2, T. B. Massalski, H. Okamoto, P. R.
eds. (ASM
1990) pp.

Subramanian, and L. Kacprzak,
International, Meatls Park, OH, USA.,
1739 ~ 1744.

-341-

<‘T”‘J

7. G. Chaudron, H. Forestier, cited from @ Jfi |35 > &t

%]F LT 4SBT0 Fio H'[ﬁy‘é’?ﬁp S
7 > 1989 o
Ff

. W. A. Fischer, A. Hoffmann, and R. Shimada, cited

from : ﬁl- ;5_ %]Fﬁk» ’53‘4;5,5‘;103,[’
FlUBs S5 %ﬁgfﬁ; » 1989 o

. T. Shiraiwa and F. Matsuno, Sumitomo Metals, 19

(1967) 33.

\m

UEI‘ETFJ
g ORI
ZARE S

2005 5 8 £| 25 [
2006 F 6 F[ 14 [!
2006 F 7 [ 71



e A 37 A 6234 2006 F 12 7]

-342-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


