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Determination of Non-metallic Inclusions in Steel at Kawasaki Steel Corp.

HF B B O® Mos F F

Yoshio Yoshida Yoshike Funahashi

# % m** w L33 i —

Kanji I Yoshikazu Kamino

Synopsis:

Non-metallic inclusions in steel are chemically analyzed. This paper describes the method employed for
extraction of the inclusions from steel and for determination of elements of the extracted inelusions in a routine
waork,

Fundamental study has been made on chemical or electrochemical behavior of various compounds: carbides,
nitrides, oxides, sulfides, setenides, ete., in halogen methanol solutions or non-aguecus electrolytes.

The following analytical techniques have newly been devised: (1) decomposition methed of organic
membrane-filter by use of low temperature H,-plasma, without chemical exchange of carbides and nitrides in
electrolytic residue collected with the filter; {2) separation method of cementite from the other carbides and
nitrides, oxides, sulfides, selenides, etc., in halogen methanol solutions or non-aqueous electrolytes, compounds;

(3) separative determination of sulfur as Ca-sulfide by the use of heated 0O, gas.
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Decomposition of

Dissolution

Determination of element

residue” of melt
V compound | With mixed acid (A} V N BI'HA extraction-speetr Ophotometry(ll“) G 1221 ygga)
Mo-compound] With mixed acid (A) Mo : Sodium thiocyanate spectrophotometry (JIS @ G- 1218 4k0)
RE-compound| With mixed acid {B} RI: Capriquat extraction-neo-thorin spectrophotometry”
Se-compound| With mixed acid (C) Se ;2,2 dlanunondphthalene spectraphotometry (S : G 123395
Ti compound | Fusion with . . Ti : Diantipylmethane spectrophotometry (JIE; C 12231940
. N . Dil. H; 50,
Fe-compound KH50, {2g} Fe : () ph(nanthuru]me spectrnphotometry
B compound Fusion yvith‘ DIl 1,50 B . Methyleneblue-extraction sppctrophot()metry
Na, O, (2g) i E WIS G 1227 9500
Al . Aluminon schtrup]mtometr) 1S5 : G- 1224 450)
Cr ,Zr-, | Fusion with Si ;. Molybdenumblue-speetrophotometry (JIS : G 12124440)
Nb- 1LiB0O,-Na,0, mixture |1il. H,$0,| Ti : Diantipylmethane spectrophotometry {J1S : G 1223 4r0)
compounds | {ratic 1:1, 2g} Zr : Xvlenol orange-spectrophotometry (JIS 0 G 12321440)
and Nb ‘wlphm hlorophenol-5 - SpLCtrl)[lhﬂlthr} JIS (1231 0a0)
(m.de . Al Atomic absorption spectrophotometry (309.3nm, N,O C,H,)
inclusions Ca - Atomie ahsorption spectrophotometry (422.7 am, N,0- C,H,]
l.a 100 mg added
DL HCL Cr : Atomic absorption spectrophotometey (357.9am, air- C,l1,)
Sr 200 mg added
Mn : Atomie absorption spectrophotometry (278.5 nm, air - C,H,}
Sr 200 mg added
Fe : Atomic ahsorption spectrophotometry (372.0 nm, air C,H,)

+ Mixed acid (A):
Mixed acid (B):
Mixed acid (C):

HNOQ, 20mi, HCIO,
HNO, 10mi, HCIO, 5ml, H,S0, (1 + 1) 0.8m/
H,50, 5m/, H,PO, 5mi H,0 5m!

Smi, H,50, 5m/

Sr 200 mg added

94



Vol. 12 No. 4

2T L R P A 1T S

— M, ML E e MU L oot s
;qun!mﬂh7{wy—>>gun@§ﬁ
(Feo AdL, ghEl T gL C U AR
Az T CHAL ,ﬁxu—+;TMﬁLf

B L, el AT HCL 2 7200 8 Ho SO, il o
AT L, Lok, NbIRGHaE A, Ik oriE 4

-~
-

DA WAE SN P T vaees: EaRVy) | RO Si I
Table I {241 72 LiB0O, -Na. 0, L7 H@ﬁ'}”’ i, #
FE it BB G o M B, SR mAE T &

e (R E e (/ST A S S o S B R o ¢fJ=7,1‘u

FAHIT SRR & RS0 B0, RIS AT
J:H \QCF) D
sl AL LY, BE R RBNL, T e

"“IB{L WA AL & fe L TR K

b P e A

LS THAESERTH, Ad, oirsiris
5k Uﬁﬂ‘r]%:ﬂ% S LTHBAES B AL S
AWML T4 (Table 1 21D,

22 ¥EEAE
{1 C

RILT 2~ b Sglzfh, Tolber 7722

HEHE ST (3Tmme, FLER 0.7um) o Lfiiciy -2
TAZNAPEBEDCN, THERHCTRE 558
M LT R — Mo A, 100°C T 1 i ena L
Fig, BhEESLE ORI Culg 202, O, K,
1300°C Tmis ., ®HE+ 2 CO2 772 4% NaOH i
fﬁﬁﬁ “)i”ié{‘% IL.XLEE A.‘:.}‘f TC #
Wt L7, K Vﬂa’;’;{?‘, ‘;’Lk‘»’v’\ﬂ)%"‘ﬂf 5’&’-‘ R
BE7EA M- T2 L, COy, 77 2L T
%525, %b, RO T 500, 7
T AR S T 400°C T
THAN IR 2L nE P25, By
it CaCO4, Li,CO; 4 FOilde b 2 L‘H-Uc—(
E RS 2 T Tkt 5,
2) N

N ’;}fﬂﬂi 0 W (145 W2 X3 S o G IR O 7
=27 NHT—7 47— (47Tmme, Li%E 0.2um)
PRCTAHMIGIEL, S E 7 Ly —
bizb—#—I12 Af, K;80, 10g, H,S50, 20m! &
Mz Tmge L,
HBHWIEREET L) Llomta gy (N
BEHH Zml 77085502, 2701 28

T A} iE 800°C T

330°C T 90 /rlHiRE B AN+ B

R SRR /L (R

A 9 )m'

135

Yo BAEY 12 AL, HF 20m{, HCI 2m! %
WL 722 3 150°C T O RF BT 2
L THEs THLUIHE, TA ;f‘m A
7o s Mo TN 44553 5 . fE
AR NH GV i & v, AR - e R
B2 T TR A, o m e AR A i
L FRTHER L K S0+ HaSOy S B kle b,
BMO DR MEEETH ), F1o, TEAE
AL, EEL BT, RETIEL LA
R R, BRI AT B
(3) S

AL Sn(l)-7h ) AR TR -4 FL o
'Ux)'L::’uy.r}:‘"’ ThoTwvias, BES oo T
Vg F— (25mmep, fLEE0.22um) TAHBIHEL,
W L AT 7 A 2 AR, Solll—3& ) o mE
) HE 900mI ¥ ANAARE KIS, SnCl, 300g %

- i
o

(Y

Iz, COz#rZ %l oohskl, 300"(3 b1 EF
B 22 3% L2 4 0) 10m 4502, COp 7
A 060ml/min} %@L AT 300°C TINELL, 5
T3 % HoS 2 % Zn (CHyCOO ), 74 e iz R
S, S EEHTE, AT K80, FiEEin s
m»x;m¢7zznqr68ﬂnﬂﬁﬁ(1%)05ml
TUEIL, 1100C TAST 2 AR 22k, #K YR

PRZECER 20T - TIERT 5, &k, 7ouf
T4 g it Salll)-360) MBS T TN T
LoBL vy, =2 0 )BT --7 sy, o
e T 4 N T — 7 FR R L TR A B L
WAL B ESE L, SR LB A, R
WO BE & 5T 5

3. —ROBE&

31 = *

T A — LB L UE
F L TR

(1) B2 7/ — LMW BBAK A 7 100m]
2 Br 10m{ %M+ 5,

WAy kD

@)iﬁ#-xyznu@m-mmx¢/—w
250mi (o [ 35g # BT 2, Ar 2 2 WAL, B
M+.”ﬁm¢é

(3] BEBREY . T 4FATE L

a=E 'f ALY TMAC L8500 10g & 4 %/ —



030 HIFERY

T E L, TS LT 2k 100ml %
g7 UHICA B

(4) SAFLkpws . ¥
e A TS — LIS,

ez, A

YL 40g, LiCI 20g
AF =T IIZT L,
(57 MSA Fd Y ) F L8F 10g, TMAC
10g & 4 % 2 —nAZ B L, 0 FLEE A1 30ml
B g - bz Chewe izt b,

(6) TEA ZEMELY  TMAC0g 4 # ¥/ — i
CEEEL, FUXY S -AT Iy W0ml B LKA
A=l ENET UYL,

(7} TEA FUH0E (Ba i) @ TEA REHGE 1
b2 Ba0 1g & 2, 30 53 L A8 2,
Z@OEH 100mI H Ba £ 60myg & &1,

3.2 nAF-AF /S -ILOBE

Hh LA o M B S LR s LT, R
KA r s ngEBsLUE I 45—k
HEBNZHV LD, HEE Imm AR & H 8
S | T Rm & i i L, o Ty
ﬁﬁz’? TANIAN, HF - AT —ERE

AT - EREAREREM L, 60°C 12N

ﬁL R T AR SRS, Ak L
SF - AT LR, AETEDL ok

2 Ar # R &PRGAT, fRLfs Sl ou T Al
Si, Ca, Ma, Fe g Leafml, izt
nEROEESOWIIIL TEAT S,

W A YRR N T,

4o b

1950

<3, B AR ORI TR A0, ST
[ A, s, L9 48
AL C M, Si#da FioE L, G Cad, Cr
AN BN Tl AR B LR & B B o T, i
kAkmw&w”

MBI PaN e K AN I AVl oy - Ay Tt i
WiE g, ML LT
(1) FeO, MnO (3279 L b/‘ YRR RatP B LY P

Lok,

(2) Al SioZ{EIIEF il A et b
LTRSS L B A7 ik, Fe,

Mn 3 i Ab#, @iikdh L £ o> -EAsh MWI‘ *
ILEROREIL A AT 5 A

e,z dnTwah,

B, M CadisiEn s Lotz at, Cadr
v o i~ UL LA, Table 2 12 ff 2 ) Ca ik
B CRER) FRE . A Y L s
FHE - AP —HERID RV o RIS
pran, FOFSELD LY, B CaO X i o
L L CE, BRI E vy, Ca0-A L0y

MO L Et T, ok Ay —
AR E LG L E ST l: Ve, o
Ca0-Si0, H#AmL i«)«%fxl‘g T, ko k-
AY S —ILERIZLEET, RE A0
PRI A0 L CEITA, JRFTRE - AS
S L9 H - A8 -l d T ey
T i, L ARREREaENi S s s ¥ 2

Al

Table 2 Chemical dissolution of Ca-compounds by immersing in halogen- methanol

solutions for 3h with stirring

Rﬁrovmy aftcr immersing {%)
Immersing conditions a0 Ca0 ALO, | Ca0-5i0, Ca$ Ca5 MnS
compound | compound compound
14% 1,- CH,OH Ca Ca Al | Ca Si Ca Ca  Mu
Jution® [ 20°C G a9 48 40 91 0 30 36
SRR T sre 0 99 99 | 798I 0 1919
10% Br,-CH,0H Ca Ca Al | Ca  Si
i 120°C 0 100 99 | 38 45 - -
Femhen - spe 0 B 88 | 13 22 | L
Ca) AlOy compound : Ratio; Caf) 55, ALOQ; 45 (composition ; 12Ca(}-7AL, 04,

3CaG-AL0,)
Cal-5i0; compeund -

a Cald-510),)
CaS MnS compound :

Ratio;

+ Ar gas bubbled

Ca() 55, 510, 45 {composition ;

Ratio, Cas 25, MnS 75 {composition ;

3Ca0- 2510,

{Ca, Mn) 5)
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Table 3 Chemical dissolution of TiC and Fe,C extracted from steels by immersing in AA-electrolyte
or S5A electrolyte
7 An.lhtu‘d] results of extracted r«slduLs(% in ‘stttl}
before immersi AA electrolyte SA clﬂ'trolvt(
Steel Heat treatment Carbide peloTe ImInersing immersing (16h} immersing {16h)
Ti Fe Ti Fe Ti Fe
1400°C X 3.5h, WQ TiC, <0.1gm .
EOC X WG| FeC 003 | 0oz | 0008 | 087 | 0009 . 025
No.l
1400°C X 3.5h, WQ TiC,ca.0.lpm
. . . .10: . 100 (.062
300°C X 2h, WQ | FelC 0.104 | 076 4 0102 ) 043 | D
Chemical composition of steel sample (%) @ C 0.11, 5i ¢.009, Mn 0.00Z, P 0.005, 5 0.005, Al 0.002,
Ti 0.108, N 0.0008, O 0.0018
Carbides were extracted by electrolytic method hy use of AA -electrolyte (- 200mV vs. SCE)
Table 4 Chemical composition (%) and heat treatment of steel samples
Steel| C | Si [ Mn | S | Al | N | O M Heat treatment Lpecin:
No.2 | 6.066 | 0.015 | 0.008 | 0.004 003[} () 0120]0.0052 - 1200°C % 10h, WQ—700°C X 1h, Wi} AIN
No.3 | 0.069 { 2.83 | 0.002,0.002| 0. 002 {.010010.0022 1100°C x 15min, WQ—T700°C X 1h, W} 51N,
No.4 | 0.094 | 0.008 | 0.002 | 0.003 ] 0.001(0.0011]0.0020 T 0.088 | 1 200°C > 15h, WQ—600"C x6h, WQ e
No.5 | 0.002 | 0.031 { 0.001 | 0.006 | 0.001]0.0220 0.[}061 Ti 0.072 1 400°C > 3.5h, WQAGO(J“CXZI'I. WQ I'iN
No.6 | 0.06810.013 | 0.008 | 0.003 | 0.002]0. 0011 0.0052 Zr .24 | 12007 (‘Xl[)h WQ—600"C x 2h, WQ ZrC
No.7 [ 0.001 | 0.007 | 0.003 | 0.001 {= 0.001 ¢.0072(0.0053| Zr 0.050 | 1 200 ( * 15h, W QHGOO C XJh W ZrN
No.8 | 0.069 | (.34 | 0.013 | 0.002 0017 0.0024{0.0025 Nh 0.044 | l 200 (_ #15h, WQ-+600"C X 5h. WQ l\h(,
No.9 {0.001 | 0.003 | 0.006 ; 0.001 ‘110001 0.0069 0.0129] Nb .13 ] 200° (_,X]5|l Wi -*GUD C X5|‘| WQ NbN
v EZ L5, Table 5 Tk, AIN &3nd, &2 H5H 9, 7w, BN AA RESEHIZHIT L
B/ICE->TAIHHOIRNT R S8, Zh AR T VA,
BEF L FesCDMRIFALDERIZLLLDT
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Table 5 Chemical behavior of carbides and nitrides extracted from steels {Analytical results of
extracted residues (Y2 in steelld
Chemical 1reatment of extracted residues
Immersed (AA- Low temperature H, Luw temperature
Steel | Llement Without treatment clectrolvte, 17hi plasma treatment H, plasma treat
| A ’ ) ment-—secondary
; C(Call” [ 34 electrolysis
i ! (17h)
Al 0018 0.012 0.017 0.017
No.2 Fe 0.63 0.018 0.64 0.004
N 0.0055 0.0061 0.0056
Si 0.0140 0.013% 0.0140 : (L0142
No.3 i e 0.72 0.24 0.71 0.610
! N 0.0093 0.0099 00092
Ti 0.060 10.015] 0.041 0061 0.059
No.4 Fe 0.78 10.056) 0.71 0.77 0.010
C 0.095 0.080 ¢.081 (0.078)""
Ti 0.066 0.066 0.061
No.5 Ie 0.006 (3.003 0.005
N 0.0169 0.0176 (.0148
Zr t 0.235 10.031} (0.240 0.233 0.225
No.6 I7e } (.32 (0.023) 0.006 0.32 0.042
C 0.071 0.067 0.057 {0.078}**
Zr 0.051 0.051] 0.050 —
No.7 Fe tr. tr. ir.
; N (.0068 0.0071 0.0058
Nb 0.352 {0.045) 0.249 0.321 0.317
No8 i
C 0.054 0.041 0.047 (0.055)"* -
Nb 0. 067 0.040 0.063 0.058
No.g
N 0.0034 0.0030 0.0018 1 -

+ 1 Calculated from the
respectively
+ ! Collected with nuelepore filter (pore size, 0.22m)

3:3:2 ®L by, WLHOTHEEHL

Table 6,7 (341 > L4 25 k UAL 3o i i
T4 4%, Table 6 THIV:723#H 3 FeSe, MnSe #
FULEMTh ), Table 7 84, CaS, MnS,
(Ca-Mn)S #GCILCHTHZA, 24 hLO+
L ‘/ﬂ:%»i AAF. MSA . TEA

y (Ba i)
D EUBH LT, f.aﬂ:af {2 MSA &, TEA #

(Ba i) omp i@ ms £ - THEEL Chli X o
B EHbhhh, U, _Jh EE R ERR £
U, Ca-mifhir it AA 2B L SA TR
T L DI T 2 23 T b

analytical value of Fe, Ti,7r, and Nl by assuming Fe;C, TiN,7rC, and NbC

o, GH L LB L UEilkS S KT
BEMIZ B2 L A BB oo el 2 Table 8 (2507 A5,
FeS, MnS, FeSeld “H ¢, nEBIEIZ8in s 14
Trv, —%H, CaS, MnSell AAH, SA F,
MSAﬁﬂﬁ%ﬁfrH& AETHLZOINL T, TEA
A HE L S T, AR PR ) Ba 2RIIL 72
LAOZINIEAEEML v, Zonk iz, TEA &
AR yit%is; AL M T 2 e
ey RE L, Ll 2RERyT#R
Bradilrl o, ILad R4 s e liriid
- THIHE L i & 5, Table 6,7 & Table 8
It bk, MSA REM Iz 5 5 Cas,
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Tabkle 6 Electrolytic extraction of selenides MnSe ¢ L 7110, RACEER T T, S ERonILRE
v PR BHIN T T 2 s b e VP L 22 842 T 1
Extraction method | Apalytical results of Se of N T A
b g 4 £, : 1A [} 2T e
[ Anode electrolvtic residues (7 in steell VAR, EDEINIEWG T ’
putential ] S ——
V ovs. SCE X o
L_ %tttﬁiﬁlﬁ\TVu]U‘iEuI No.11[$teel No12 3.3-3 RGN
TEA-eleetrolyte ‘ ‘
(Ba-addeds 0.031 0.034 0.034 R 51 2 (e diioE & 1Y 4 Lo
—_— | B B i B R L T M A ] 2003 AL
AA-¢lectrolyte 0.031 0.032 —I 0.032 LT, AR L 2R A A R A
v | T BMRNS E A fpotiiadbe e g, 8
“"A "]13‘0‘)' alyte 0.031 | 0.034 0.032 B BEAR A S 2 a0 A B, AA R
| N
T HaEBHOLESE, AT7v A }[u‘]u%i L Pt
Chemical composition of steel samples (%) : A -=150mV (vs. SCE, LUFWI L) fmto sl
C Mn 5 Se Tdentified e P 3 ) 15 {0 e
Steel No.10 0.031.0.006, 0.001. 0.033, IFeSe CArbtLd iy, TR m_fv, Tht, 0.1gm v
Steel NoJ1 D031, 0.029,0.001 0035, MaSe L RO SR T B, LA i,
oiee 0. . , U.uso, U .U N dnoe - s -
Steel sample: As forged AR E DML ORT R s H Tk
WED L L, AT e L o, B2
Table 7 Llectrelvtic extraction of sulfides (analytical values of clectrolvtic residues{%; in steeli
I _-__I_L/\ (-‘IL_(,tl_‘l;])ll_;;lIl“t current. MSA electrolvie, const. potential -
] {Ba added) {40mA /cm?) C-100mV ovs. SCE)
Steel T T .
Ca (%) ! Mn (%] 5 (%] Cai%y ! Mn (%) | S (%)
No. 13 0.0047 tr. 0.0080 0.0045 tr. 0.0078
No. 14 tr. 0.0234 0.0141 ir. 0.0230 0.0129
I | 1
— — | B
No. 15 0.0057 0.0186 i - 0.0039 0.0155 0.0112
- JR I

Chemical composition of steel ~.amp1es (%) :
C 51 Mn 5 Al Ca  ldentified
Steel No. 13 0.061, 0.28, 0.002, 0.012, 4.020, 0.0048, CaS
Steel No. 14 0.016, 0.02, .13, 0.016, 0.008, tr., @-MnS
Steel No. 15 0.024, 0.31,1.02, 0.012, 0.020, 3.0057,(Ca, Mn)5

Steel sample: As forged

Table 8 Chemical dissolution of synthetic compounds

by immersing for 3h in various electrolytes 0.03F
Recovery after immersing (%)) E} o2k
Immersing ] e — .
Fe3 [MoS [CaS | Ca0 |[FeSe|MnSe g
AR electrolyte| 95 | 94 | 0| 48 | 96 | 52 = oo}
. I S =
SA - electrolyte| 97 82 0 10 100 52
N 0 1 L 1 1 1 1 1
MSA-electrolyte 94 88 0 i 4] 99 55 50 300 250 -200 -150 100 - 50
TEA electrolyte| 98 99 3] q7 97 77 Anade potential {mV vs. SCE]D
TiA electrolyte 7 Fig.2 LEffect of anode potential on the extraction of rare
Ba-added} B 100 99 100 98 earth compound
.- . N B 0,

Steel sample : As forged, chemical composition (%}
C .12, 51 0.26, Mn 1.48. P 0.014.
S 0.004. Al 0.021, RE 0.028, N 0.0069

- 100 -



Vol 12 No. 4 RN

i Fe,C. mifbL# (Fig. 4,5 #
$EIZ R - o T %-;f;"l-i,u:*i b
Fig. 2 (3Bl At Wi 40 0 RE ARGl

B S R

WiTkbHL SA R A L, B
firdt = 350mV TELIA W T iR 2L 0l b

(DGR AN S o TR/~ Tear S Ve S 810 A I
<M, 250mV -~ —50mV TLL3 I --%8 L 2z di il
Bk, WRHLIERIVZ S,
4. ZROEEE
4.1 {KiERAEE

TR X 0 2RI E MR AT 7o Ty
NF =R E NS e RIER AR

b B BRI ui 2 By, b A ik

“ HT T T .
LT, i'i”?»rwf-—ﬁ L2 7403
A LA A B T D A S R

’9;2;35‘54' g fl/ﬁf’-*\f)] j‘” ni)
T, BERLOYIZIE BT A ol Al

LAY JA/L T by O
o d, Ll

By 7 4 5= R I L TR ST B AR
T A, JKIBWLERLD L 2 v v e Ik E 2L
Wil A 22602 0d, K37 T e e v S IGIERIAAY

e (U VG bk 2 o560 2N T v A,
FEANIREICENZHSHBH: 7uT ¥
— LT, TN (TR
nNa—ZALAFn), =aZYHET—74/105— (R
WA—Kd--F), 2T 740 7— (B ng -

7Y, Feu®T—"74{7— (dhfbzFu o8
) A Eaihb, Thbomah, =27 ET--

il R A
5T, JirdfE
S, HERY

T4 ¥ — IR IR B L,

. Frry AT TR b A B R
%é AP BB ERAMRNEEAED
ThE,

Y L-, (G IR L L8 2 1507 & i, ko
Tkl B, Tk S Al K (Table 4

) 2 v, AA TR EE I L AHRNS o
AN EFT—-7 4 07— {25mme¢, L% 0.2um) *
PAALT AL AN L A7 A M S (C sk
GBI N BT %mwfaﬁmmL,mwh
kiR AL EE GRS 0-30W) 12 kU AR
L 7o s il X B i & O ol s T 7z,

4 M54 (Table 5 £:8) 12 kL, AIN, SN,

SRR ISR R SR SR R I

‘Z‘ '},{; b (P) %

- 101

iyl

TiC, Fe C, NhC i1 2 @ map - b oo v B2%E 43 1
X F T e BN AT T E ey Ji s AL
BAEL v D B A T A, - i TN,
ZrN, NN o8 &5, WP o N o si b2 1y 17 F
Lo, 400 O MR o T4
L 2oy X v BERb L T o pL e 2o, Ao ds, MLE

SR
— C o B
o )

oy C oot itiAativ 1,
b Tit e ¢, 831
YL ThHLH ),

M 511_. ")“.fif)*',
(.
* k,@u._ FEINN 5_

T-7 g e Z =T AR, MR R LS
O C A 7 B DA L s D)

L3 78y, ol rid7ony--axih
AUNTE AT A D E R L Tuvdh,

4.2 BROMEE

CORATEETR TR S L DAL B LR AT
. X 8T, EPMA, AR A~7 2o
nsmEMEfitL fef ek, KES, K
SRR, MEIS M A S v LHIREER R a4

EAEMEN S, 1ok wiGh, BEOPILE
A OMET i s Eiho 8 (Ut
FAEH Fes CTh 5D HBER S LA
AT EN BV, LEasT, FeyC Hfbar sk

[
R

Bk TR AT A EARETH L
FeyC Oar i anfd e RSl T 4 2 Lo F
L, w5 o s 527,

Fig. 3" i oo Rzl n s T, K3
EREA L o TERVBERICAE, e E L,

AA FAEEHE T, L T FesC 2B
BT FE I % +1000mV 12308 L THr-
f%ﬁmchmﬁﬂﬁ,,”ﬁf mwmﬂ%
wwwm%M¥@&m5tmuﬁ’ . DR
(Table 5 il SR % _wb;tc'; - TR E
ey F93Cit9 O A REE S, 2 TIEEL
7= AIN, SizNy, TiC, ZrC, NbC % 133w s
CEE S FLA, BN (2o Ta e A BT ol
WENL D EHHFRIN TR, vk, TiN,
ZrN. NbN [-ovs7is, Ao 2o al s Fe-gC N
FEAAL B B R AT,
| G A T A

Fig. 4,5 (i Mo B b, s, 8, i
LT, AA SERLIC 50 LTSl
e o Lo ThH L, FEIE A E

(L__f\



Cuntralbel

potential

l'll'l'f!'lrl_\‘.‘ié‘l'

=& T

{13 Magnet

&1 Calomel electrode

(3 Pt cap fanode) T Sponge

8 Ultrasonte washer

9y Fleetrolytie eell
0m! bheaker;

731 Residue extracted
from steel

(@ 't plate (eathode)

51 Ager-salt bridge

Fig.3 Apparatus for decomposition of eementite

1404

1204

1604

Fe

80+

Current ‘mA)

404

204

R T 1980

BEE AL L D Lo TG L. ML
10mme @GP E AL, &3 AN S EUW‘&
ML, BRE MW T S SR o B v 4

Lomm S fF5 L, i f\f lLﬁﬂ (AR, VE 8
W) A M, TENS L DAL L 2, Dol

FEOPEE L SmA BL T o -u;’nﬁﬁiii LA
Hch o, Fig. 4,5 120280 Cu (200 A v i)
W T SOA L oA, o MEATOIFAILL Cu &
DAL FeyC, MnS. CaS#4th b, Fofiin %
Condbdy, B, wEL8E Cu £ i EN
q‘é Lo T, SR B T o 4 B RS

Cu kAR LR L THMRIZKRIL, 2R 40
’fnﬁi o BEECH Y F o+ 500mV i S R L T

& 11208, Cu Ly ﬁi‘{ Tt B 4, o0 8 s DY
VAW T 3 & FEEIZ b, A0
L 72 FesC o k,m; 17‘ IR N e st e
g e éﬂ Rl A R A Vixa}w,twfi'fh bk A
ok Fere ), JEREYER R oo or L HTx 3,

43 BamK

Boapfiih Tl O 72, Hy AL CHIV SR

Potential 1V vs SCED

Fig.4 DPotential current curves of nitrides and carbides :

AA electrolyte

- 10z -



ik

PR

4

Vol. 12 No.

L, WAFE LS MA Tinm L, e Do
Pl oL o BN o BE L. o koo
TR ST T 7y w’f;";t Y EDAEEDATIH NS,
VLA, Hy iz X 25 e) FeS 5 Mas o
;\5,{],\}_-,.[[;1»»"% LY T Hd Ho S
5B LT HeS Bk

[SRtcaE)
S o R

TO0°C ML L), FeS

JHDHDY, MnS (12 O Tar
20w B B

%) Il‘i)D

4
3

Ny

HLZ:LTHaA -h, 0, 72

sivr Lt

G A A s

700°C TmERL £ FeS §5 L F MnS (£ 1F
L, ST TR T 20124 LT, CaS i
i CaSO - A b F 5%, S 1% 9“6‘; L7
e T, AR OB S A Oy S T A L
i, WY AS % Z Xk, CaS ¥
LTS sa N nis, Table 9 1250 Fr8 4+
FLO DI T s by m,ﬁmé 21y Mn, Ca,
ST HacL f-as, ZH s ofhis
IESEY TRy S{EA LT = N T

1
S

jo5d)
i

-

)‘l. iii ‘j_
s

ror B 4

Hio k2T, CaS ol biaalig Th

140-
| I
!
1204 Cab~ \; /
H Cu-
RN
3' / I - AN eler
100 i‘ 7o \f tralyte
= ] o/ f
f &0 ;r / Jr
: I /
= i/ /
=} i H i
" i/ j
) i/ /
| / | ves y
40 e / !
Mrd- / / / L Mn(d
J // / ; /
;7 / /o
2 /7 ’ ’
; s / // /_/
______ 1A /- .
T R Y] 06 0E 10 T3

Potential {1V vs. SCI

Potential-current curves of sulfides and oxides: AA electrolyte

Fig.5

Table 9 Analytical results of steel samples (% in steel)

|

In steel In residue -

Steel - = - 5 as Ca8”"|Ca as Ca8
Mn 11 Ca S Mn Ca S

No. 13 0.002 [ 0.0048 0.0116 tr. (10045 0.0078 U 0018 0 0045
No.14 | 013 | <0000z | 0016 0.0230 tr. 00129 w. |-
No. 15 1.02 i 0.0057 0.012 0.0155 0.0059 | 0.0112 0.0048 0.0060
* . Heated at 680°C for 6h in (), stream

as CaS

: Calculated from the anaivtical value of S

btul sample ! As forged
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