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Effects of Composition and Temperature on the Descaling
Characteristics in Si Containing Steel

J. W. Choi* and S. J. Kwon**
Research Laboratories, POSCO*
Dept. of Materials Science and Engineering, POSTECH**

Abstract

Low carbon steels containing Si of up to 1.2 wt% were oxidized in air at 1373 K and 1523 K, i.e. below
and above the eutectic temperature of FeO and Fe;SiO.. The influence of a impurity element, S on behavior of
scale formation during oxidation was investigated by using Méchssbauer spectroscopy and EDS. This allowed
establishment of an interface oxidation model of Si-added steel depending on temperature and an impurity
element. A compound of FeO and FeS was formed in the scale/matrix interface of low carbon steels containing S
of up to 0.03 wt% oxidized above 1213 K of the eutectic temperature. This was flat formed between Fe;SiOs4
nodules along the scale/matrix interface without selective oxidation. It is due to low viscosity and high
wettability of the compound of FeO and FeS in liquid. Conventional metallographic examinations revealed that
roughness of the scale/matrix interface in Si-added steels became flat as the content of S increased. It was
independent of oxidizing temperature and Si content. Effects of oxidizing temperature and an impurity element
content on descaling characteristics in Si-added steels were evaluated by using a hydraulic descaling simulator.
Good descaling characteristics was attributable to this flatness of the scale/matrix interface.

Key words : descaling, oxidation, Si-added steels, impurity element, inteface oxidation model
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Atk 23y Siel H7MR scale® ZA Aol FeO-Fe:SiOs 343§ E(eutectic compound)
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FE WEE =Z9 EALESE FUA7E Aolth AA EWH 7IAHA FHo] AA7] @&
descaling Z HA|3 ZA9 THLE ASE AT 47 &d 2§ x| e #
A ARG =29 BA 4HE Aok st 2 aFdE AU ok T AR e gd A,
71E 2% 21 2 §F ALY 9388 A4 ¢ Ad. X8 2% € 5 A& HUE Fot
o descalingAlo]l 433 4H8ES A= Aol 2¥BE B AFNXE Si 7 AdA Y
A scale EAZAE ALS H3ld 714 25 9 7 AEol AdstF ¥ AT 2 descaling &
Ao "l JF&S AEFoZHN FTHEZR A WS HESTA o

2. HHYY

2.1 A|¥ &Y :

AN g9 38z Table 19 YeERAAT No.l& A7l 9428 Hulstx & 718 A
(Base steel)o]th No.2~4%E Si9] &< B7] 93td FH|AR, No.5~ 72 S dFL
87 10<& P H&S 1wy st Fustgien 231 No.l17 132 S¢ Pol 23 aaE 1Y)
93t E1)8k9th ©]F No.57 139 Si $FS 1.0wtn BEo|t}

Table 1 Chemical Compositions of Specimens (wt%)

Steel C Si Mn S P Remarks
1 0.049 0.05 0.62 - - Base steel
2 0.053 0.55 0.65 - - Influence of Si
3 0.052 1.0 0.62 - - ibid.
4 0.051 2.1 0.61 - - ibid.
5 0.05 0.98 0.58 0.010 - Influence of S
6 0.049 1.03 0.63 0.018 - ibid.
7 0.050 1.03 0.62 0.049 - ibid.
8 0.051 1.0 0.62 - 0.021 Influence of P
9 0.052 1.0 0.62 - 0.050 ibid.
10 0.050 1.0 0.60 - 0.095 ibid.
11 0.048 1.00 0.60 0.020 0.050 Influence S+P
12 0.049 1.00 0.59 0.048 0.048 ibid.
13 0.049 1.00 0.60 0.019 0.097 ibid.

2.2 71413 descaling &4 H7}

AAdF AN descaling 7+5d Yl F9 342 roughing mill ¥5° UE VSB(vertical
scale breaker)ellA] SiE7}7}e] mechanical descaling A& simulationd}”] 913ty E7MF
simulator(GLEEBLE 3500)& ©]£3&%lth ol9f 1100 2 1250C A strain® 4% 283 0.1s™}
9] strain rate® test3}T}.

2.3 Hydraulic descaling 4 37}

POSCO 71&dF4&dA AA A|Z3 descaling F3& o] &3t descaling 54 71 Ags}
ok AWE 90mmx150mmx20mmE 1250 EE 1100T L= HA9 sd2e)A o 1
AIZE FRF Fol FE38H9 descaling@ X diate] F&Asgich. 181 =& HUE ES BAMSH
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3 AjHol " dIAE o]l FAIFIEA EAIY Bl 93 descalingdl HI/HAEE 3%
Descaling Z7A2 FSB(Finishing Scale Breaker)ZZoz 3FigdsEE 150bar, A}E0)
150mm, offsetZt ¥ LeadZ& 15°, tha} ] F4EE 60mpm 122 %L DNH1525¢ A&
3%t} Descaling ® ¥ tXg J}ulgtE o] 8389 descaling® AlH9 BEHE B3

2.4 4A%

FeO-Fe2Si049] eutectic temperature?} 1170C AEZo]lE = 1250C¢ 1100Ce F 71A
L2 U¥ox dxaE gt mta FeO-Fe2Si04 eutectic compoundd] AAFsE Abejol A
o] B&3 dio] opd AAEldA Y E&ES UrolA AFE F AU 4 2EAAY S EE
£ 10CE 393 ZF &XoAY FAAZL 308e2 3. agla 34 37 5 3982
ANEHT. A8 EQ7E 3% A2 BE971(87.84vol% Na, 8.42vol% CO,, 3.74vol% 02
FASHAT o] RS A dALA FAGANMY EAVIS FASE 20tk A g & FE 9
& @340l BA3A scaleFol WFH dFo2 BIHJYT. 1250TY AHEL EF 7t
HAI 1100TY AHEL #EHA &L AHSo] hRFEo|AU.

2.5 XRD AAREH

ScaleZd] Wdld MAC SCIEN Corp.A}e] 18kw £¥8& zt+ X-ray diffractometer® o] &
3t FEAE . g 95 YRS AT UF FEUNES bukdEHE 10°FE 110°7HA
0.05° tF2o2 ZAH3GE. 138H X-ray2 £4% F & ©F scaleFo] FAY WF FRe
scaleZ € AF o F FEH Zo] T3 powderZ bulkst ZE A2 A3 o
oA o]l HL& Fe2Si049 EA F5F8 #R1st7] Asted 50°753°F-&S 0.01° HH o8 523
step scan3}Tth  Fe2Si049] peak 5 Y& AM3E 9 peakst HAA & (220), (042)H]
peak’} v F-#old

=)

2.6 SEM #& '

Cold mountingdts 1um diamond suspension7tA] polishing 3t9] etchingg 38X &3 3%
#dul 43 SEME olf3td #A3GT. WA FEFAN A o] L3t scaledH ZAY AWE
2004, 500d] Awl&E #F&E3F Fo] Pt coating® 3t FE-SEM(Field Emission Scanning
Electron Microscopy) ©]|&3td scale 3 7A Alole] AW ulAl A4S 10004, 30004y,
50008} zuj& 2 BF3}gich. SEM, EDS(Energy-Dispersive X-ray Spectroscopy)s ©]-£3}
AN 9 AENE B3t AEA L 33

3. dydxn A 1@

3.1 X-ray diffraction ¥4 :
2E XN#H9 buk® powdero]A 2 XRD pattern @ ”/\\Nm
€ BAn FHE FeodA I AlHe] FeO, FesOs, T S
Fe:037F EAES A3 vy o]
Fe25i049] EAE &As7] skl NF XRD 5
Aol q Fe2siO4e] EAE FAY FYU%. 2 F
1250C 4Aa LEolA Si ¥FL WA NS
] XRD ZA#E Fig. 1o Yerddt. 1100C % . :
1250ColA Siol A @& AHAE Fe2SiO4 0 2 ®

()

Intensity (A.U.)

(b)

(a)

2theta (Degree)
peak’} Holx k3 SiZt AR AW A =
Fe2Si04 peaks #&E¥ + AN Fig. 1 XRD patterns of specimens

annealed at 1250C
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3.2 MA=4 4

Si=0.1% 5i=0.25% Si=0.8%

1250°C cl
e Wit "

Y

Fig. 2 Microstructures of scale layer formed with various Si content and temperatures

- - -

SEM image® T3 AA¢ i35 AWE A4¥EYT EDSE B3 FeO, FelSiO4, Fed
A& = AAS. S7F 0.002wtnE7tE AS, SigtEd g2 xe W] mE scale® matrix
AHo) A9 scale microstructureE Fig. 20| Yebgit}. Sigteko] F7184E FeO% Fayalite
o] eutectic compound”’t thF A EHo] Hon NELES AFELE AWHAA FeOs} fayalite
9] eutectic compound’} §ELHE EAINATE € FIUE AEE scaled 4 crack 9
Boluzgl matrix ¥l % penetration S0} qlt}, 283 Si deo] 0.1wt%, STl 0.002wt%
25 1250CoA 308 T 7FE S F9] scale® matrix?] interfacee] 3 EPMA 423}
Fig. 3 o] Yetdidch. Ade Si, O, Fe, Mne2 FAH 33 Eo] Ao gley S+ A=
A gatt. & S| 0.002wt%e A-3-9lE scale®} matrix®] interfaced] S¢ compound”t
AR @SS 9ujgch E3F Si FaFo] 0.8wthe) AWl diste tELex 2 S I W
@} scale® matrix®] interfacedlAl S @ wWilo] W}E vz Wi A B Pt
oy NHEeE7t &4 F scaleFd F3cracke]l B F7Heti2® A crackol & fayalite7h
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Fig.3 EPMA analyses of 0.1wt%Si-0.002wt%S steel oxidized at 1250°C
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Fig. 4 EPMA analyses of 0.1wt%Si-0.02wt%S steel oxidized at 1250T

Sigt#Fol 0.1wtpolm™ S3HFo] 0.02wt% AHE 1100CTAHA AASAIZ AW g vz
A fayalite2 B@E= SFEAEC] AEHNULH SHEY HEZ FE SIHFEE fayalited}

ABAL AT PAHAYLSS & & A 2D vRAAE 1250TAA A3A7 AR AR
g mAzA 2 EPMA BMZAAE Fig. 49 UJEYH SOl fayalite2 #GHE 33 Eo]
nodule typel 2 FAAE o] oW I nodulesd ARolel Siz} Mn 28]lx 09 Al&o] Ahzoz
How thFe] S9} Ferl 58 olF& 3PS EA3T U&S EDS BHZEAZRH & 9
o & S #FFo] 0.02wt% ]3] AFode FeSE AqAAL ﬁ}?}asol fayalite2 Holx 3}
QE‘H’ o 7]31gA 0 AAE /Y FAHAHSE ¢ 5 AAY I ML=} Fopds
£ fayalite® filmEAlA nodule A0 2 WEA HEH oe °“"’«] +4 F3HEQ fayalite
o] EHAY wiEe RAoeZ AZETY I nodule Alolol FeSyt A= FH7l fEL Aolth.
1100TCo A 222 AEAIZ 0.8wt%Si, 0.002wt%SAIH 2] scale® 7| X227 ZAHS EDSE
M ARE Fig. 5@ JYERAT. ARHE wustite®} fayalite7} mixture AH2 EA3t1 &
< & Foled o] A9 wustite®} fayalite?} eutectic temperatureB 0} ¥ 2xojuz HA
o] old mAdelZ &A1 YLE =3I & 5 Yr}t. 21 scaleZ At E Fe, Si, Mn A+
sl2o] vNg HAez EQstn rk ¥ 1250ToM 12 AFEAIZ] 0.8wt%Si-0.02wt%S
steel?] ZA$E Fig. 5Mm)] YeERNATE. 0.002wt%S steeldE #AFHA LA sulfur
compound’F BAHASES ¢ T Utk ol scale 3o &A43= A9 Fe, Si, Mn oxide7}
HAE o T sulfur’l scaled AWl F3lEo] A EY o o= wustited} ¥t e

Hrr ml

\]
4

*%ﬁ m@, L

4
~, ;la“ R )"
”g.-g ' "ﬂf ‘.4, /' . N"’ A
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o~ B © B o
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A:Fe(52.6),0(29.1),8i(11.4) ,Mn(1.4) A:Fe(39.8),0(35.8),Si(13.1) ,Mn(2.6)
B:Fe(68.5),0(10.9),5i(1.9), Mn{1.0)(wt%) B:Fe(70.7),0(10.2),Si(1.7),Mn(0.7),5(70.7)
C:Fe(37.4),0(24.6),Si(12.3) ,Mn(20.0)

Fig. 5 EDS analyses ‘of 0.8wt%Si steels oxidized at various temperatures
a) 0.002wt%S added, at 1100C b) 0.02wt%S added, at 1250T
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A4S el A "ok =3 wustite®} fayalite®] eutectic temperature®l 1170T o]4e 2%
ANA AEERen2 Si 2 S Hubd 93 FAHHAUE FFEEL scaleEH 7IAZF 9] AW
A Ao EAT Aolm 7|ARF S ZE selective oxidation® ZAAIZ EAS & At
HEHQ o2 1250ClA 22 AFEAIZ 0.8wt%Si-0.02wt%S steelol thdle) EPMA 4%
275 Fig. 691 JeElNATE ScaleZ# matrix AFIA Fe, Mn, Si, 07} FHEH o2 ¥3}5 o
glew Sii Mno FEFHUAE scale$ ) F3 crackAlo)ol® IFEH o] 91&H fayalite compound
7} liquid stateZ EA5tT APYSE vt 283 S/} scale® matrix AlHo] FHHOZ
FIEHE EAL 4 £ dEd SY o] 0.02wt% olAte] HA HHA FeS IFEL FAs:
RAoE |aEn) Si HIMEAM dEda S 2 /8% WE scaled} matrixAAl A9 1A
ZZA model& Fig. 79 AsFTt. FeS #§Eo] YD 71957} wustite—fayalite
eutectic temperature®l 1170C Bt} & 3%, R 259 A ¢, 283 FeSstgEo] dAH
A @3 7FELEsE 1170C BT 3 3L ZA$E Jehhdoh 1170T ol £xdA
wustite®} fayalite7} HAro] 22 matrixZ 0 2 9] fayalite® selective oxidation©] ZA A A &}
FEZHOZ A3t nodulePFHe] SFES FAste Aol Atk EF 1170T Btk Fe &%
oly FeS7l A HE A9t fayalite B3t FeS7} nodule #4422 FASUT. &3 FeSrt
HAH R g A$E fayaliteZ7t A4 L 1A Ko wa} AHAA selective oxidation AE

o Aol g e

Fe zsi04 FeS

steel

T>1170C &FeS T<1170C & FeS T>1170T &noFeS T <1170T & no FeS
Forming Forming

Fig. 7 Schematic diagrams of interface shape with various
temperature and FeS compound formation

282



3.3 Descaling &4 37}

Si #IVdel gt Fad4 STFY Wge] wE VSB 2PZAANAY scaleF 71AH =
IS Hrre19ete 1100T Y 2L2olA scaled FAAL £, 4% straing 43 ZA3o
AHEHA A scale B4E Fig. 89 YR A7 & = dRo] Sigt#Fe] 0.8wtn =T}
HE Agoe m2ddAMe 7AH §Hel ] scalee] FHHo] descaled T2 Sio]
0.8wt% ol 2 HWA sulfur FFY47 0.02wt% ©]io] Holof descalingd] £3E v|Hg &
FAt. B8 A97|A "descaled"d] 9v7F Z1AHQA S Y3 scale®} matrix AHA &A
st AREA wasHe] 2E2E dulss AL oiyt SHEHol 0.01wt% H7HE A%l EDS
2 EPMA 59 EAMZAZ nFo & o vaFy SSFES FHAANE FAL A EFHE
descalingol] 93
S U AE EITgE AL € FUT a@AARZ 1250CY B E SigHEe] & BE §
FA4 STWo] RS54 2 descaling®) Z HA FAH®” AL =5 1200T oY FSdE

Fig. 8 Appearances of various specimens descaled mechanically at 1100

scale®] 24W¥y o] FAH scaleF strain® ASE Hol® scale?d matrixAlH-E AA|
AHY Aolmg APSHST AZAAZA FUe a7t JUe ALo2 dAdt. T2y 229X
A& w7 ASEER old wE ¥ wE AsHE AU A Aol B AY AA=Y
B Az oz 1100CY EXHUTE 1250C Y 397} descaling®] thid £-0]3 A Holi Qled
Aol 2y 2HNME 71AA descaling5A3el disiAe & Aol& LAY + Uz
o718 FUL Aolth a1 FSBAA 9 descaling 548 #7137 ¢3td 1100C=2 7%
Si #7744 DNH1525 =Z& o€, 150(bar) pump¥LE 150(mm) FEoldlA ¥Al AlHE
40(mpm) ¢ £EZ descalingdt & AH ZWEAQ Fig. 9dlM9t o] descaled FEI}
non-descaled ¥¥3} ¥ r]93td Ao AR tidte] hydraulic sprayg AT
FFL429 ST HoEHA EE 0.8wtnSi H7HEY B Sele AL = FH@3A descale HA
&l scaleo] ZEHAT. a8l 1250C A$7F 1100Ce Z$E hydraulic sprayel &%
descaling EAe] tha @A =ARXch 1250CoA hydraulic spray® @+ 1100Ce} vt
thermal shock& 37} 7] W&o %82 A & Aot £ scaleF T matrix AAAA <
Si 3FESo] Aoz EAE] i AW FHYE A= A2 €A Ut ol
olfrZ A3 1250CY 2EdAME descalingS 2 @ ZAL=2 didd. Iy AAME
fayaliteo] 2]% matrix 29| selective oxidation @422 AW FAPE 238 FIAH &
AE Roly B} m2A FAHE scaled FAZF FHEA FAAHRT] @E descaling 540l
Asty Aoz AAAT, 2L 0.8wthSi 7179 hydraulic descaling 4] W &394
SY 9% HES Ystd =S 0.01, 0.02, 0.03wt%n= M3 AA descaling Al S A2
HE 1100, 1250C 25 S9 &o] 0.01wtnY W= descale HA &3S & Ut
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eale paAelds

;l

&

eale paAelds

Fig. 9 Appearances of various specimens hydraulic descaled at 1100TC

= Qo] A RAGME #FZ3 v gloy SEEko] 0.01wt%Y e scale® matrix AHA
S9| & AR I ol FFo= AztErt zev STFo] 0.02wt% ol R
7= hydraulicell &3 descaling §4do] /MAEE & F Ut} ol mARAGME &els}
P RAAY FeSsEEQ X o2 scaled} matrixABo] Aoz FA5Ho] Y3 hydraulic
sprayell o3 Z1AHA 3o o5 EHU Aoz A

4. 24 &

D Si A73AM S d7FEE 0.02wt% ol H7HEHE scale A3tolAl MnSE F48 ¥ 09

H33le] Sy} scale/71A %3] AHo R w351 FeSE FASIA vl 28 Fo]| FeO-FeS
TASFEE scale/7I1RF AHIAA FAHAA FHE 2 Aoz EAFo =N 1S
9]} descaling E4 o] FAE Ak

2) Si& scale® HAPEE FEA7]1H scale 71X 23 AH M dgHE ojgdaz W ol g}
AR 2AAPE F7HA71E 37 AT

3) Si "H7}ol| P H7le scaledl A crackd] 234 E FIHA7IH scaled) FHAEE w3
Al71E Ao g YEston descaled] <kztel /A &37F QA
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