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Reduction of Oxide Scales Formed on Low Carbon Steel Sheet in Synthesized Combustion Gas

Isao SAEKI, Takashi IKEDA, Koichi OHNO, Tadao SATO and Susumu KUROSAWA

Synopsis

: Reduction of oxide scale, which formed on low carbon steel sheet at 973K for 4.5ks in 10.9 kPa CO,-14.5 kPaH,0-bal. N,, was studied at

673-1073K in pure H,. Reduction was slow at 673K and it became fast up to 823K. Between 823-873K, however, the reduction became
slower than that at lower temperatures and showed a minimum at 873K. Then the reduction became faster with increasing temperature above
873K. The temperature at which the reduction was the slowest coincides with that of transformation between magnetite and wiistite. Surface
appearance of scales was different in these two temperature regions; surface cracks increased with reduction time at low temperature, where-
as surface sintering proceeded with the time at high temperatures. The reason for the sudden reduction manner change around 873K was
considered in terms of morphology, type and porosity of the oxide scales. It is concluded that the formar two can be the reason for the sud-
den change of reaction manner.

Key words : protective coating; plate.
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Table 1. Chemical composition of JIS SPCC specimen
(in mass%)
C Mn P S Si
0.043 0.19 0.015 0.007 0.012

k22453 H 15 B3z Pk 22459 H 17 H3ZPE (Received on Mar. 15, 2010; Accepted on Sep. 17, 2010)
¥ B LERFARE T2 FL (Department of Materials Science and Engineering, Muroran Insitute of Technology, 271 Mizumoto Muroran Hokkaido 050-8585)

% 2 ALiEsRg (Bk) (Hokkai Koki Co. Ltd.)
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Fig. 1. Schematic representation of experimental set-up.

(A) specimen, (B) preparation chamber, (C) shut-
ter, (D) air cylinder, (E) furnace, (F) coolant gas
inlet, (G) quartz tube, (H) exhaust port, (I) flow
meter, (J) humidifier, (K) N,, (L) CO, or H,.
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Fig. 2. Heat patterns of JIS SPCC steel strip (20X10X0.3

mm?®) during heating and cooling while (a, b) oxi-
dation at 973K, and (¢, d) reduction at 673—
1073K.
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Fig. 3. Relation between oxidation time, tox, and square

of mass gain, AW,, during oxidation of JIS SPCC
steel strip (20X 10x0.3 mm?) at 973K in 10.9kPa
CO,-14.5 kPa H,0O-bal. N, atmosphere.
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Fig. 4. X-Ray diffraction pattern of JIS SPCC steel strip
(20xX10x0.3 mm®) after oxidation at 973K for 4.5
ks in 11.3kPa CO,-15.3kPa H,0O-bal. N, atmos-

phere.
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Fig. 5. Relation between (a) reduction time, (b) reduction

temperature and mass loss of JIS SPCC steel strip
(20X 10%0.3 mm?) during reduction in pure H, at
673-1073K.
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D, 1073K TIRAME IR 52~ 2 2 4 4 b OFICEH)IC
NN ZhEDBNZ b5, LT, Skt
M2 r — L BRICLZBRICA L& 512, FIHhiciEA~
A A NOFEFNEND, RS TCEICHROE L, mikiisix
oL BT AL POEILFHIZEDS LELLN
%,

F72, 773, 823KICHWT, mEmEE b A r — LRI
#0.6~08FE X CIRANREZEICBIT 5 Av 44 b, v %
A4 MEAKD BHRLITRICT H ), ThE DRI
FIZEE L 2 DBORRTIOEITCIIERL K 55 h, %
RS OREICB T AT 24 P LRV T 3 2 A
MiA & FEOEITCEH R T, TOmMEETIEY 2 4 4
MIERET, 27 —LORBIZIANTZ A PHERL, A
F=LDELDEFEY T FEA v Bk D, LENST,
PN IETE S T L, R TIOR3 281, Zh
SUIEIZBNWTENY LA MEADEITLHEDIZS B~
F 24 MR LD BRICAEE VS SR L HHPLL T
B, RAEICERER{CY 2 7 — L OEICEEENL~ 7 1 4
4L FDZFRITEDLEEZOLNS,

P bER7- k512, ghh & &St 2 r — L cidE s
RAMIEEE , RRERPRE B I2E 20D 6T, 27—
ILOFRITCHEIZBI L T, BILEP 0S5 FTlE~~ 4 4 b
WD, 05 ETR~ T 224 M D BV E Y 2 24
FOETLREEBHEIZTH I ENTELEEZE LN,
4.2 823KEBTKNDETRESO N2 BEXTEHDORMAE

EIcDWNT

IHETHRANRNTEZL ST, 823K T & 83K ETIZ
BICOMTOHX NRE DL Z b5, ZZTIE
Z ORI DWW THRGTT 5,

FFERBEIZr —LDORTY T 4 —DWELEE
%, Kondo 5 g~ 44 b XU~ 324 4 baFET
2 i & i 4 OIS TRIEIC L 7205, KEIEAKIZ K
DI DOWE 24T - 720 T ORER 23K & 873K LI 1T
A AR RED ) BiE TIE0.01~0.1um®D , #H Tl
0.1~1um®D I 7B KT B E o7z, TOXSITURE
TSR SN, 0.01~0.1 um D FLH O H Z ik 1%
Knudsen ¢, 0.1~1 um DL TIZH THECTH O, WE
WikA» 65 2 5R0 , AiEOIES BRI K E L, KIED
1E95 BEITISHEF & 13 2 0, Turkdogan & "IZ S #liE
AN 44 M E A OWRETAKFRICL 72D B BETH
ZiiRi# 1T, BETHERERIIREOMINE L 3124805
MDA RN L, ZOREL»S SIENER N E
LA L TOWERRIIEZ DIZ< et b, Y Eof
RE0, BIEMOFO Y T 4 =13 823K LI F & 873K LT
A5 N7 ICFE) O A 2 2L ORI & 135 212 < W,
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KIZBALY O BEEIZ DWW THRET T %, Edstrom>iZ
TB3~12BK TV T 4344 bBLUANT &4 N EKEETT
LD bW #8g Lz, ZOMEIKLL ETIEAR-F
ZFEDER U 72 hY, 823K LA TIIE ¢k Ak L, #
JEIZKkER 2 79 0N EEHBLTWSZEEHL ML
72. Tokuda & IAK L7z~ 4 A b &#iAZTEITL,
823K L FOMRRE TR IC L 2B A I 3 gk fd 3 cro~
sas Ty s NEEFEICRLGNI1073K &V 2 TIE I o
R —F ABEFDOERER L2, KWL TE 773K TEIT
HOEKMHE TA L MBI FRICEE L~ o a
Ty lllbhd, ZOLSIgEERLI-Y2T s Ty
2 DAERIEETCH 2 & B W TR ITCAERK U 72 KRR OBk %
BT HEEbh, [NRATEITAEARTVE WS F
FESFLFWTEL L bhb, Lza->T, Skt
MAr =D~ ar Ty 2 5AI1L823~873KIZHK T B A
MG RIRENROFERO —D L EZ 55 H, 823K Tid
NrBOBIZRONEN 72286, v 2025y
DRELZNEML TOH ALED A M7 T T 823~873
K TOEICHE DN E BT 201383 d % .

RBIZ, BALMIOTEHOE T HED < BB DN I
DWTHETT %, Okura 5 "IEHHE L 72 28~100 mesh D~
v A A NG A MK A 2 TEIC UG E B A R
7o ZORER, 773~873K THRITHEER N KR E S A D,
RO T AKRZENZ LA RWA LTS, X 5 ICHE
e BEt LRl cid re 2 6 &g sk, RIEMTIZ Fe 2
TR NDEILNE > L BBV EBRTNDE, ZORBR%E
BWRZAL, U244 PEETLTALD YIS AA M &
BIEL RS SRR oh2 282k d, b5, A
MRTHONIZT 24 A4 MEREIETH % 846K # 8 A 7=
873K T &I ILENE VIR E 5 £<FHATZ S,

P EORFEA 6, 823K & 873K DM TH 6 N 538 0% H)
DOEWEZLOFRINE LTEEIZY 244 MADOHMEHE
Zoh, [HEB (Mg b~ a5 o9 2 OFES RO —
DEEZLNT,

5. &85

TSy 9 ZBRIESE P & BEEE L 72 11.3kPa CO,—15.3
kPa H,0-bal. N, H1, 973K {235\ C 4.5ks D JIS SPCC Hil#4
AL LR U 72 S AL 2 o — L % 1 atm H, ZRPH 5

N —

673~1073K TEIC L 28R TFOMR 21572,

18

(1) SRR 2 r — L O ICIE 823K £ TURE D
M & s 50 | 823K & 873K DI TEGHIZEL & o
7, FOREORME & {I15EL 55, T HIIHERES:
AOBRTCIZHEWTHIS N TV B ZEE EFEPIL Tn5, 727
L, S 0GA LD Zh oD TOZEITRHT
b5

(2) EREEL A r — LD ICHEAT IS & R DO B #% %
PR ICBS A S R L 72 25, 27— L OETT
i, PN~ 24 VIR O, BT H HFEEET L7
HETIRIY T I AL MIADBNIET 244 F OETCHE
MBEIZED D BT EWREEINT,

(3) iR 2 r — I LEICOHELT DE S A1 823K &
873K DM CAMARIZZ LT 2 ARG LAz 25, K
WEETIET 7 3 24 PAERL, v X244 F 25 EAND
BICHHNZ E R FAFEE LTFET o, KIRHTIE
THEAEEET 2202 T 9 2 BRAEUEITH 2 OHG
NRTWIEEFHHDO—DLE L 5z,

ANFFE O — GBI H A $k g 1 2 ks wF 22 PR S 0 & (58
1BE) ICkDEmBLE, TTICEHOBERELET, &
TSRS I NG D IR B B & OSHEHERLAfy
BB ZZREN A0, Z2ITEHORERL T,
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