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A Study on the Heat Treatment Technology for Reduction of
Oxidation Scales
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Center for Environmental and Clean Technology, The University of Suwon
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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 fumace. 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 vacuem 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
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0O, +2F — 2 FO (1)
FeO + Fe:0: — Fe;04 (2)
30,+4F — 2 FeOs (3)

Componemnts Chemical name Lattice structure Specific gravity Melting point
@ -Fe;03 Hematite A Al 5.7(gfem’) 1377°C
Fes04 Magnetite P23 5.16 1538°C
FeO Wuestite A3 51~52 1550C
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Fig. 1. Diagram of various oxide layers of
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Table 2. A chemical composion of A210 steel
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Table 3. A chemical composion of A286 alloy

KR (%) &5 (%)
C 0.08 max B 0.003 ~-0.008
Mg 0.35 max Ti 1.9~2.35
Si 0.3 max v 0.1--0.5
Cr 13.5~16 Al 0.35 max
Ni 2427 S 0.01 max
Fe 485~ Mo 1~1.5
P 0.02
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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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3.2.1 SEM{Scanning Electron Microscope}
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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
ait(@) and the atmosphere of argon((®)).
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Table 5. A Result of the EPMA alalysis of the A210 and A286

A210 Y B weight %
A4 Fe 0 Total
79.050 18.903 97.993
AXE47] 75.414 20.317 95.731
78211 22.170 100.381
A2 68.407 32.617 101.024
70.368 28.232 98.6
(B428) 70,024 27270 97.294
A8 A210 2 2] weight %
86.833 10.760 97.593
L) 96.530 3.801 100.331
97.420 8.148 105.568
65.274 29.362 94.636
4343 66.056 26.062 95.118
22 67.220 78965 96.185
A8 A286 339 weight %
51.494 2,031 53.525
53.001 2.880 55.881
otz & 47082 1.846 48928
2297 52.988 1.810 54.798
: 55.868 2917 58.785
56.468 3.084 59.552
51.169 4.296 55.465
50.637 3.392 54.029
ALl A 47.663 4.051 51.714
AFD) 55.776 1.447 57.223
52.453 2.330 54783
48.996 1.648 50.644
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Fig. 6. Schematic Diagram of a advanced shape and
structure of the fumace.
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Table 6. Annual operating cost of the plant
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&A%
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23 ¢ # shot ball 1.2 ton/mon 734,400
HaAYE BEF 750 kg/mon 2,906,568
LR
AbA| G EAR 0.75 ton/mon 7,200,000
B 20 ton/mon 5,451,120
T — —— —— — ——— ——————
4 AF(IHR) 4,200 kwh/mon 3,119,760
Energy
Shot Blast 112.500 kwh/mon 83,565,000
i & & 7 217,118,945
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Table 7. An expected reduction ratic with the advanced heat treatment
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1 2 ol o 3
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i A Fa Y 30~35%
il 289
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HYAE BT )
gy | (@sl qnps, | BT R EREAAZ 10%
Mg A )
Ak A &} E 1y dA3H AA 100%
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Energy | Shot BlastAd|d3 | GotAgAIL 95 30% 30%
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Table 8. Analysis of the Total cost between the Flame fumnace and Advanced furnace
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i 5009 (25.069,500)
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