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High Temperature Oxide Scale Morphology and Secondary Cooling Property of Cr Bearing Low Alloy Steel

Toru Kato, Yoshiki 110, Yoichi HARAGUCH! and Akihiro Y AMANAKA

Synopsis

: The high temperature oxidation behavior in air atmosphere and air-mist cooling property of 1 ton ingot are investigated using plain carbon

steel (P.C. steel), chromium bearing steel (Cr steel) and chromium and nickel bearing steel (Cr—Ni steel) in order to clarify the effect of sur-

face oxidation on cooling property. The results obtained are summarized as follows.

At 1573K, Cr enriched outer scale layer and internal oxide consist of Fe,SiO, eutectic oxide are formed on Cr steel, whereas characteristic

subscale of Ni bearing steel is formed on Cr—Ni bearing steel. These characteristics disappear at lower oxidation temperature.

At mist cooling, cooling rate, and hence heat transfer coefficient of Cr steel is significantly reduced compared with P.C. steel and Cr-Ni

steel. Characteristics of scale morphology and cooling property due to chromium bearing disappear by Ni addition. Comparing with other

cooling experiments, specimen dimension has significant effects on cooling properties.

As air-mist cooling intensity is mild in this work, insulation effect of surface scale or subscale layer is insufficient to explain the cooling

property. It is considered that the morphology change of cast surface is caused by the formation of chromium oxide layer at the inside of

outer scale and hence prevention of FeO or Fe,SiO, formation which clamp scale layer.

Key words : oxidation; scale; chromium; high temperature; heat transfer; mist cooling; boiling; low alloy steel.
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Table 1. Chemical composition of specimen for oxidation
tests and secondary cooling tests. (mass%)

] Si Mn Cr Ni Cu

P.C.steel | 0.06 0.2 1.3 Tr. Tr. Tr.
Cr steel 0.08 0.3 0.5 2.1 Tr. Tr.
Cr-Ni steel | 0.11 0.3 1.3 0.6 0.3 0.3
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Fig. 1. Schematic illustration of experimental apparatus
for ingot cooling test.
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Fig. 2. Cross section of scales oxidized for 3600 s (a) P.C. steel at 1373K. (b) Cr steel at 1373K. (c) Cr-Ni steel at 1373K. (d) P.C.
steel at 1523K. (e) Cr steel at 1523K. (f) Cr-Ni steel at 1523K.
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Fig. 3. Scale thickness of each steel as a function of time
in parabolic form.
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Fig. 4. BSE images at scale-metal interface region oxidized at 1523K for 3600 s. (a) P.C. steel. (b) Cr steel. (c) Cr—Ni steel.
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Fig. 5. EPMA mapping images of Cr steel at the same re-
gion as Fig. 4(b). (a) Cr. (b) Si. (¢) O. (d) Fe.
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Fig. 6. BSE image of internal oxide formed in Cr steel ox-
idized at 1523K.
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Fig. 7. Scale-metal interface region of Cr-Ni steel oxi-
dized at 1373K. (a) BSE image. (b) EPMA map-
ping images of Cr.
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Fig. 9. Calculated surface heat transfer coefficients of each
steel grade against the surface temperature.
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Fig. 11. Calculated surface heat transfer coefficients of Ni
bearing steel under various experimental condi-
tions cooled by air-mist spray.

Table 2. Experimental conditions of each experiment for
surface teat transfer coefficient calculation of Ni
bearing steel.

scale Chemical composition Air Water
(mass%) | Water | dens.
C [Mn! Cr| Ni . (m3/m?s)

ratio
Present work iton [0.11 13|06 | 03 46 0.00081

Ingot cooling test'" | 200kg | 0.07 | 1.5 | Tr. | 0.7 20 0.013

Plate cooling test” | 1Ommt | 0.08 | 1.4 | Tr. | 0.3 30 0.0015

Plate cooling test” | 10mmt { 0.08 | 1.4 | Tr. | 0.3 30 0.0165
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Fig. 12. Comparison between the heat transfer coefficients
derived by the former reports and those calculated
from the experimental result in this work.
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2= LBEBMORETT v —DREERZL AT —
NHEEARET S 2 REE XA TOUBERY, TR
W ERE TR EEE T @& 2 L, 7=,
FOMIZ BB THWHENEERT A LAMON TS
A, AT — LBORBMENCE CrD B L 2B LA AR
U, FeORBIZZDIMUNZERT 5, 2D 78 Crifid Bt
HIZZAr—LBAEBE TS 2 RETHEL, &BRE
AEEAHENEEEZONE, ZOX) GERILAT -0
RO ENIZ K D HHP O SR ORMIREHZEL L Crid
FRI— DR HGEMTHHIL T & BEMEIRENRE LR <
L, BURERBVNEL, BEOKTHD LS 528D
LEZOR3,

5. &

ﬂlg

S OMAREIC RIT T RABRILOBE LR T 579
12, REWME Crifl, CNifHOIFEAFHL CORRTF
FRH DML A r — VKRR L, 1tonffIESRESEH D
IA MAHREE AT - 72,

(1) 1523K TEALFERIZIZ K RH Tld Fe OBEALYI 2 5 7%
B2 —ABBRICERTAIIRHLT, Crifi T A7 —

Cr & EMOFERBAL 2 7 — L EHE & 2 K HIR

LD CrORL L - {tign R L, Fe,SiO,
DG © % B NP E KT 5.

Cr-Nif T2 Cr 2 FIERM L T\ 3 & DD Cri Mo
BHMskbh, NIAEMORHM TS 5 &8 LRt » A
MIZADHAZEY T 2 — LB ERT 5, EiRiibieE %
1373K, RIBKEEK T T2 I DOR/MAIZEAERED
bk 5,

(2) 3MEOHHFMICIHEEFLEZNED LN, [H—
DERGHEIZE 2D o T ol R B & L T A
HE R K OCBIZEREMET 5, NizdFRKISHEML 72
Cr-Niffd TR BRI RO HAFEL 2D Cr&FEME O Ni
BHMORB AR KRBT 5,

(3) HERORBHERLE LT E L, RBEFOKZ
XIIHHREICRE L EE 5 A, EROERSEROH
HEE 5 L ARETTAFICREBETILELD B,

(4) SHROHHRBRTIIKREFEEINE L, NiOHE
12k BAHEREROZEN T L A LD & s 0T THHR
BAET->THD, CrldlOB AR EDOZE 2 S RED 2
F=LEOMBGHRICEDFHT L Z LR TH S, R
y—LBAmIZCrOBIIE»ER TSI LickD, B
MEREIZA 7 — L& BEET 3 ERK & & 5 Fe,8i0, % FeO A}
R RE S BT, RERESRL 5722 L% H
BUEELOREREELLONS,
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