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Objects | Surface Selective Temper Graphite Smudge ECL color
Analyd Oxide layer Color Stain
tical Oxidation during| Oxidation of Fe Crystalline Amorphous Ortho-Na55i0,
Methods annealing at low temp,: graphite carborn thin layer

State analysis

Rigaku RU-500

of graphite

of amorphous C

ESCA State and depth State analysis State analysis | State analysis
VG ESCA3-MKII analysis of of Fe of C of C of Si
Mn,Si,P,Fe

IMMA Image and depth Thickness High-sensitive -——— Image and depth

ARL IMMA analysis of of oxide analysis of ele- analysis of
selective-oxide ments in steel Si

EPMA/SEM Observation of Observation of Image of Image of Image of

Shimadzu EMX-7cH phosphating phosphating graphite amorphous carbon silicate

ASM-SX surface surface
XRF Quantitation of —— Quantitative Quantitative Quantitative
Rigaku IKF-4 oxide (Mn,P) analysis of analysis of analysis of
Mn,Cr in steel carbon Si
XRD ---- ———— Identification Identification -——

Carbon Analysis

Determination &
state analysis
of C

Determination &
state analysis

of C




‘85— A 78
3. BEMFARIS
3— 1. HEMTFHSEERRAL

A EE B A TERLEE, BUMEEHANFe i LTRBRAFAKATH 5L, Mn, Si,
Crmﬁbfu@mﬁ@ﬁtﬁb,Pm%ﬁm;ofﬁﬁmﬁ%fﬁb,%km@ﬁ@ﬂm;é%ﬁ-
ﬂﬁ@ﬂ%@i&f%éC&%ﬁ%b.ﬁﬁTCﬂéwﬁﬁMk%ﬁﬁﬁMﬂﬁm@ﬁﬁ&bfﬁé(

TEETFRLI, COMBEEFig. 1 IKRT,

EREERICBLTR, BHEFTHARERCIEETE 24, XEO
BEROREANEEIT 720 COMERBEMUCC-—6 AMEZHE)
RMELIbDAEMN, CORNEROFI% Fig. 2 KR¥o COF

N3E@r e LT

C+CO, &= 2CO (1) FeO+CO = Fe+CO;

C+2H, < CH, (2) FeO+Hq
CO+H,0 = CQ;+H: (3 C+ H,0O
NERbDEN S,

CoHE, FAF2ROMKEILTLLE AL
OWMBERNOMEZ—HET, FiIKLg4 b2
THHEULON A BEKOFEELEREERINL SN
WA, ERED S IIMAkEE O BRI 3T E D
SHEINBIRIEMELTHWBE T ENER S NI

Fig. 2 (a) (b}, (clicBW T FHSORXE,
BERIIBEDSEOEL I IRICOENH S
Kah T3,

ZHEEBW (Mn, P) 20 TO IMMA &4
HEAFig. 8 WRY. CORBIBICHAELL
EBREEBRLEFELIK—HK LT B, |

XS F v R—hF— DN THEEKTDOHE

0

BG(HLOCALORIES)
g 5 8

1
@
=]

1001

(4) H_.z:’: g I

(5) c
(6)

-120¢

-140!

-160|

-180[

0 200 400 600 800 1000 1200
T T T T T T

TEMPERATURE (*C )

e
2000 200 400 600 800 1000 1200

HO/H,

The standard free energy of formation

H.% CHg
~10 - %

-8 [~04

—6 [-038

-4 02

-2 0.1

‘ i e ——— — N o
L RARE, FHAEOMBEEFig. 1 OV 20 80 40 so (o)
& - TEHPT B EMNAEETH 5, 9 (a) tight coil annealing (ECL)

COg CO Hy CHy

T % % $ 2 CO or CO2(%)
0.16| 0.4 r10 —

(°C)
o Lo D. P (°C)[B0O
012 038 40‘ 700
4600
L6 [03 2q~500
02 0 Ji00
F4 |02 20‘300
004) 0afy] \ L ‘ 1200
e ) s - IR 1100

L 0 L i AN Z 1 L 5 s - 0

. 0 2 4 6 8 101214 1618 @0

10 20 80 40 50 (Hr)
(b) tight coil annealing (No ECL)

(c) decarbonized annealing (ECL)

Fig. 2 The result of Gas analysis in the atomosphere during annealing
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Fig. 3 In-depth analysis of Mn, P using IMMA
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Fig. 1 Tendency to carburization or decarbonization during
annealing
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Fig. 5 Dew point Control of

Tight Annealing Furnace Carbon Residue (mg/m?)
Fig. 7 Gas Cleaning Effect of Dew Point Control
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