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Oxidation Scales
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ABSTRACT : Most of flame furnace with uncontrolled atmosphere forms oxidation scales in the surface
during heat treatment. In this case, shot blasting and pickling are commonly used for reduction of oxidation scales.
These processes have many disadvantages, such as long process time, high operating cost and environmental
problems due to polishing dust, etc. Hence, this study aimed to develop the advanced heat treating equipment
which could make a controlled atmosphere using a heatresisting structure into the flame furnace. The analysis
result with SEM, EPMA, and EDX revealed that the amount of scales formed is much less than that with the
conventional flame furnace. A brightness of the sample treated with the advanced process is similar compared to
the treatment with vacuum furnace. In the present work, it was recommended that the inside structure of the
furnace and gas line system could made up of SBB410 and STS310, respectively. The operating cost with the
advanced heat treatment system could be reduced annually by forty million won. As a result of this study, it may
be possible to reduce the oxidation scales. The fundamental information obtained in this study will be useful not

only for improving the heat treatment process(reduction of shot blast and cleaning process), but for promoting the

manufacture of bright products.
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Table 1 Characteristics of the iron oxide on steel strip

o] ZAE ol HHESL Thedl W o
s} BAHD 71BEQL <Table 153} 2TH[10,19]

0, +2Fe — 2 FeO 1)
FeO + FeyOs — FesO4 2)
30, +4F —2 Fe>05 3)

Components Chemical name Lattice structure Specific gravity Melting point
@ -Fe;03 Hematite AP A 5.7(g/cm®) 1377°C
Fes0. Magnetite AA 5.16 1538C
FeO Wuestite kA 51~52 1550°C

H ~glo] E(FeO)E 7HE ¥e A EHE 7}
A3 YA 570C olstellXe B =AY
&ol A ¥ aelolES L =7t T e
oS AAZ, e £E7F 700T o)l HE R
BolEE 2AY F9 o 95%E AAFP

vladjElo] E(Fe00)E 4R AATFEE 7}
Aw A2ALEAN Fe] fxsH Fe =7
500C o8t 5| 2ALY FEe] vpav el
Eg FAEY. &5} ¢ 700C AR -%}7:. oll
oz} sladEle|EV EAEWHA FAElER W

sleln, 57 o vk 2AY W u}:m]e}
JEREEL 4%FE R ZAFrh o] vauEelE
£ yagolEdT Aga vpEAe] Foh

#| ulE}O) E (Fe,05) = @ -Fe:0:9} 7 -Fe 055 4t
Aol&o] o7t mAF Fer0:9 o HE|ZA 9F 80
0T 2xod A48 2=/t o g7 H
A AAEE 2ALY F 1%E AASI vlavE
olE9} nl4d Axs} rR AL ZHeTh[22]

Fig. 19] 27290 848 dFg 249
< Yehidsd o M EEL 2AFE A 9
g e 7t G dA7EE e ASER] HE
BlolE7 F&9 7R ke Fel srtEe] Bt
719 AEde PR A4FoE 44E0-

whe} dxj2l7h 570C~1100T ApolellA 3
Hu 2 % 570C olfz F43] YAHRGE, §
g 9 EWo| FeOF o] F4E) °] FeOFH
o ThA] Fe;0.% 3 Fe:0:% 0| a2 AAHdd €

o

r

H2l7F 570C~1100C AloloiAy Fai=ln
570C olstolx HH3] WzAHE 7

o] 27 Fes0.337 Fe,0:%7%te] EAjgth 1100T
o]de] £xoM AHFo] FRE 2ALZl ¢
Al §43 WZEA =HE & FeOFH FeiO.5 T
o] A4 §t}[32,33]

o]s} o] F A3EL 1 AF2ZI 47
tzeg dHF Zo A& ¥gEe &
ALFY AEZA ¢S WAL, BgA 2 o]
39 2Ad AAZRANT dFE FA Fo-

B dpode EX8 227t F2 600 ~
720C 9] HYd e Fuleto|Eg viidEglo]
E7l #84H31 HAgolEE AY EAEA e
th{10]

Formation temperature between 1100 and570T

HEMATITE

| MAGNETITE

Fomation temperature between 1100 and 570T
but cooled slowly from 570C

WUESTITE

BASIC MATERIALS

Formation temperature above 1100T

Fig. 1. Diagram of various oxide layers of
scale formation on steel.

BE%g M4A W25



44 Agoje A A% A e aF AT

22 Asioiel AY ALY Jle
221 M4 349 €9

Astae A3y dHE 71eg 7158 At
Qj Ao =99 Krauss-Maffei Gie technik GmbH 3]
Atz dot 2ZgA dEE driEdes A1es
o] 93tElT dulxle] vinZ AAAgo] EAA H
o] galgd 1050To] E3te L& it
WrAdE Ad ZAZ Exe FZEE A
T2 B84 BHVIE FAdstged o=d
97 7289 AIF2 AE 5.5mel] Eol7t 3.5m
o] X membraned vl E, Gl R upgA dHF
Z2 74 U

2gd 7€ 7h2=2W9] 1,000T 223k A
ANl HZ dAglet A2 IRbHY drz
At A e gXA S FHE Ay o] §
AEReoy AZzy B84 2947 7tE2E FU
o A & ¥V ¥Z(fan ©]8)E A7)V &
= Afole AHe Axv i wIsdn Y
ZA38ANA F3F71E o8 & FTUIYAAd=
A3} 2H96% o] Fe304)o] FAHAY vu3 1%
AT7h okdtn At dr|EAsIA Y FRTG 90%
7} AzrE Absloeiete] BAHJYT £F £

=
Ao 50~ 60% Az, =QAILe] 138 G, 4
EA9 40~50% A7, HIEY 90% AL S

Q13te Ex}34 7)7to] 34302 A& Q) Th[24]

222 A7 HEUA AR e

NA7e e AMGAES 2de YgE
Drum, Panel, 73 S dx2de A= 79
d3lEe 2 AFzAE FdsEta RS Al
Asty gxomel 71AF, Ed AFE ¥z
7171 f8l IAEE AT 53] gAY EA
A EXgEE AEY R o] FRoE FojRy

Table 2. A chemical composion of A210 steel
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Table 3. A chemical composion of A286 alloy
= (%) &= (%)
C 0.08 max B 0.003 ~0.008
Mg 0.35 max Ti 1.9~2.35
Si 0.3 max \' 0.1~-0.5
Cr 13.5~16 Al 0.35 max
Ni 24 ~27 S 0.01 max
Fe 485~ Mo 115
P 0.02
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Flowmeter

Fig. 2. A schematic diagram of experimental apparatus of heat treatment.
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Fig. 3. A heat treating cycles of the A210 and A286.
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Fig. 4. SEM of the A210 under the atmosphere of
nitrogen(®) and uncontrolled atmosphere at

plant(®).

Fig. 5. SEM of the A286 under the atmosphere of
air(@) and the atmosphere of argon((®).
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Table 5. A Result of the EPMA alalysis of the A210 and A286

A210 Y H 2] weight %
gk Fe (0] Total
79.090 18.903 97.993
A 2897 75.414 20.317 95.731
78.211 22.170 100.381
A AA B 68.407 32.617 101.024
70.368 28232 98.6
(Q£E) 70.024 27.270 97.294
A8 A210 21 2] weight %
86.833 10.760 97.593
ALEN7 96.530 3.801 100.331
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= 67.220 28.965 96.185
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51.169 4.296 55.465
50.637 3.392 54.029
AL A A 47.663 4.051 51.714
RFTE) 55.776 1.447 57.223
52.453 2330 54,783
48.996 1.648 50.644
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Fig. 6. Schematic Diagram of a advanced shape and
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Table 6. Annual operating cost of the plant
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T 5 d 4833 v -2-(d/yr)
Jd - E dajglo] 28 09g 0.3 man- hr/ton 18,748,800
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Table 7. An expected reduction ratio with the advanced heat treatment
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