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State Analysis of Ca in Steel by Electrochemical Separation Technique

Yoshio YOSHIDA, Yoshiko FUNAHASHI, and Yoshikazu KaMINO

Synopsis @

An investigation has been made on the electrochemical behavior of various compounds as non-metallic
inclusion in steel, in order to separate calcium sulfide from calcium oxide.

A method developed for the state analysis of Ca in steel, was summerized as follows : (1) Ca as inclu—
sion : Steel sample is dissolved electrolytically in the methanol solution containing 3%, methyl salicylate,
19, salicylic acid and 19 tetramethylammonium chloride, and the amount of Ca in the obtained elec—
trolytic residue is determined. (2) Ca dissolved in steel : Calculated by subtracting the amount of Ca
as inclusion from total amount of Ca in steel. (3) Ca as oxide : Electrolytically extracted residue from
steel’is mixed with Cu powder, and pressed into a disk. The disk was electrolysed in the methanol solu-
tion (containing 109%, acetylacetone and 19, tetramethylammonium chloride, and the amount of Ca in
the insoluble residue is determined. Fey;C and MnS extracted from steel are decomposed by this secondary

electrolysis procedure. (4) Ca as sulfide : Calculated by subiracting the amount of Ca as oxide from the

amount of Ca as inclusion.

1. #% 5

#ieo MnS | LEMFEIEK & b FEIES A {h e, 4
OB BECR Y b3, ZOMERKEY <
T 57, Ca%ic¥inl, MnS i > TRIEME
<, FEf LI Wb AR E 5 & 23 fThh b Y.

Ca i3 S LRBICO & DFMDMERVO T, i E hic
Ca 5%, SLFEELTHILHOERC HF5TE2ED
7c Ca BRIERERIEST S 2 &%, BE#M~0 Ca OFHn
F7EE, BRNETR EREDD 5 2 TEEL Y, @ Ca
DREFIEENEHE h 5.

Io2FE - 22— VESIVEE . 22 — AT,
WP OMAMANED R T DBEE T 5 DL h
T HETHHM, TOHEEXRWT Ca-Bibii it L
FoifE L el e, HBARBYIX 2% XH9FK - 2 4
7 — VBRI L 2T Ca-F{bdp & Ca-Fifbth D srg% 1T
W, Thi CaodREESFTCHEMA L.

ZD X, Bt LFLhHO NI, SRy
A7 — VBRI T AEMEEOEXFIR T 5N
hETHWbLRTER. ARTER, BRIEFMIcHE

CIOTHHETAZ ExE %, s CafbBEPITOW
THMREMERE Lic. Fie, MRANOBMEI YK
BT D IchORMA L, BFREES XOBREELR
LT, Ca-ibtp L Ca-Bifbti i+ 5 F %ML
L, zhu#fid CanEERERWIEH L.

2. FhHEBIUEE - -BE
21 R E

(1) 7eFr7erv AT AA LBERE) REM
W :FrorFATvE=TALAIZESAF (T TM
AC FBRED) 10g 2 %/ — VL, AA100ml
Mk, A%27—AT 1000ml y=53D%.

(2) vyl (LUF SA LWgid) REMED : SA
40g, LiCl 20g % 2 & 7 — A HML, AR — AT
1000ml = 539%.

(3) #VFaAfErFr LT MS LBERE) REM
W : SA 10g, TMAC 10g % £ &% ) —LICEBEL,
MS 30ml iz, A&7 —n1T 1000ml s 35%.

(4) ryV=x/—-n7 31v (LIF TEA LG R
ERWK : TMAC 10g* 2 2 7 — L ZesfEL, TEA 20

BB 55 4£9 8 29 HEHN (Received Sept. 29, 1980)
* O sleE (k) BT T (B 0 JNER8L3 (k) (Research Lahoratories, Kawasaki Steel Corp.,

Now Kawatetsu Mining Corp., Ltd.)

*2 )il sk (bR B %E T (Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho Chiba 260)

— 162 —

v



BRLEMEsEFREZAV28$ Ca 0 ff

ERIE &R 163

ml ¥Px, £/ —AT1000ml &53H, Zhic
BaO 0.4g #fnz, 30min HEFHET 5.

(5) X3FE 24/, NBEK: L5FE2gkhr8/
— o 100ml BRI 5.

DEDBEIThEAELTHERTS.

(6) Sn (II)-38b AMEK: b AM 1000g % HHE
73 AaRgAh, CO, #2%E LMD 300°C & hngh
LTl L, %#E SnCly (2K¥5) 200g #inz, B
1 h, FUERETMELI-EBEETS.

(7) H,S WUVHK - MEFREESY (2KiR) 20g % KT
BIEL, 1000ml 25 Fdictk, AEHICE S ¥ Tl
BrmmTs.

(8) P-73/7v2aFaA7=0v (LF PADA [}
BEEL) IR : PADA iEEelE 0.4g % 8 NH,S50, B
YRAGCTEML, COBKT 100ml 5TH5.

(9) HEALSKBH - FeCly (67KiE) 5 g2 KB @
L, 100ml =535, .

(10) S EE#YEY (S=100 ,ug/rril) K,SO, 0.5435 g
PKHEEL, WELYIEHT 1000l &5 F3%. HE
CIRL, HEITHTERTS.

(1) Cu:v7axrxay ., 78, ME 99.99%, WE
300mesh LIF, AREBEWCHEZEHAL, 650°C THcE L
LTHWA.

(12) Li,B,O; : & o £k B, 457 5 (Ca<5ppm)

foks, ERICHEBLRFBEI TR TUELERD DL
NZETLEMED O Hu- 7.

2.2 BE.S8

RO BRCINABIERERE (VEBR, FEM, &
BIRAE) &, FEE: 70 7 4 vz —DERKIERI,
MABHERIK(LER (LTA 3 =%, 0~30 W) »{#fH
Lic. # 10mg LTFOALEORBOFEIILA M —
BUMERFE (MSSA H) hHL, SERCKITHHEER
DWHERECE, BEREREEICKES (UV 150 7)) %,

Ca, Mn, Fe oJFFHRFEHFE I,
RWRTF I I PrdEE (Ca, 403 B, Fe, Mn, 303 )
ZEM Uic, BraaUto sk B A4 JE Bge Rl il 28
(10mm¢ X8 20mme) % i\, IR DRSS
WERS (P I8H, FiF 20t) W IOEEMBESR (AP
50 #, 5 50t) EHAWTTOR.

/{—5\’—‘/ ) —

) 3.

3.1 AR

CaO-ALO; % & X 18 Ca0-5i0, ZHEAE{LYIL,
Ca0 & ALO, o BE&MY (55:45) %7-ix CaO &
SiO, DAY (55:45) A& B DIFIKAK, 1600°C
T 10min JNZ L TER L. FeS kXU MnS X, &
& Fe ¥1ii€E Mn 2RIEA — bt Ah, HS &k
f, 1200°C T3 hn#hLCHR Lick, BRET (HE%
B 10-3mmHg), 850°C T3 hTEHZ LTS0S %
M L, Eic CS, TUFE LTCHEED S %3k L. (Ca,
Mn)S # &5 bYnt, CaS & MnS oESY (1:1)
YEM BT AR, He giid, 1900°C < 2min
BLTARLE. ChbOERABHIDD 5 AL TLL
R LT HE LTe. Table 1 in{b8tpisy & X R AT
FERETRT. Tofl,, CaO (FUNHZE, HAIF4EK), CaS
(ZEFMEE, FEE 99.99%), Fe,C (BJIIEALE, ME
99.99%) WM EETOT EFERA L.

3-2 e

REEEERRE CHER L 20kg (% 23 mmg
ONECHML, RELXHHEI LT 18mme x50mm o
BIRAAFZHAE L. T, BETEOESEM A5 7
LRBRMEZIY L, kRRotEoRALHML, £
kL. Table 2 @RI D LSSy & N EY D FIER
Er R,

Table 1. Synthetic compounds.
sample Chemical composition (%) Compounds identified by
Al sSi Ca Fe s x-ray diffraction method
FeS — — — — 61.4 | 37.0] FeS
HnS — | — | 7 |s9.0| T |36.0] mns
CaS=MnS _
compound sulfide| ~ 30.0 | 27.9 — 42.71 (Cca,Mn)Ss
Ca0O-Al.,0
cofpdund oxide |24-1| — |37.7| — | — | - | 12¢a0-7A1,0,, 3Ca0-Al,0,
Ca0-S10
compound oxide f— 20.0 | 39.4 _— —_ 3CaO-28102, CaO-SiO2
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Table 2. Chemical composition of steel samples and identification of inclusion residues extracted from steels.

Sample C Si Mn P s Al
3 3 % $ 2 3

Inclusion ( identified by

N o X-ray diffraction method )

% % %

A 0.044]0.26 |0.002)|0.002|0.0004|0.35

0.0040(0.0013}0.0016 A1203‘5102

B 0.004-y 0.31 |0.009 | 0.002 | 0.0011{0.018 {0.0054|0.0016{0.0097| Cas, CaO-A1203, Ca0+2A1,0

273

(o4 0.061 | 0.28 |0.002 |0.002 [ 0.012 |0.020 [0.0048{0.0012{0.0028| CaS

D 0.060 | 0.28 | 0.10 }0.002 [0.012 [0.026 |0

.0054|0.0013]|0.0033|(Ca,Mn)S

.0052({0.0011{0.0032 | (Ca,Mn)S

.0057(0.0010(0.0039 | (Ca,Mn)S

E 0.020 [ 0.27 |0.44 {0.002 [0.011 {0.019 O
F 0.024 {0.31 {1.02 (0.002 {0.012 {0.020 [0

<
G 0.016 | 0.016 | 0.13 |0.003 |0.016 |0.008 {0

.0002(0.0010{0.0051 | MnS, A1203'SiO

2

T-1 |0.078 | 0.27 |1.31 [0.019 |0.0046/0.031 |0.0018|0.0035{0.0029 —_—

ok
™2 |0.15 }0.17 |[1.00 }|0.023 )|0.0062{0.011 |0

.0022(0.0048|0.0030 —_—

* : Commercial steel

4. 7 O #® F

(1) GEffRE : @R ECEREEHCTER
fLEML, CatAbBHTOMONEYEBHTRE E LT
o ot 5.

(2) Ca, Mn, Fe DR : EfEIk =27 )17
—740f— ATmmg, FE 0.2 p) ZHCTHEL
7. ThEEE 5 2IF A, HBKIE L, LiBO;
I ghhnk, 1100°C ThnZsal L. W%, BERY
FAKE —H—dt HCl (1+9) 50ml % FCH
L, Latafk (La=20mg/ml)5ml #¥M LT, KTHE
% 100ml w&¥5. ZOBKEY NO-CH, #ric
W% LT 422.7 nm R B RETRINEAEL, Ca %
EinTH. ¥, BK-CH, #rhiciE% LT 279.50m,
372.0 nm ZBIT B RN EZRE L, Mn, Fe & zhZh
EETD.

(3) SOEEY : BREIE7rreRT7 -7 4%
— (25mm¢, FLEE 0.22 ) CTHLE LT Sn Erc/ais.
ITHEELELRW L S CHEBRTHEIF LARIIKA T
R735 A= (REH) WAn, Sn(ll)-HY ABEE 10
ml ZEINT 5 RIPORC HeS BITH 60ml % ATk
RONE7 S A2 EHE L, A% CO, 2 TEBRT
5. 5|&FE CO, # A% 50mi/min OJRECHE Lk
v, 300°C HB LIfFohe 7 7 2 2% FEA
L, 15min g LB 21233, TD%HFEE 15min
BREHT T ORIIERXI DXL, £ 20°0C 0Bk
T 10min BHI$+5. K€ PADA ¥ 10ml &

HEALSREHE 4 ml ZIERINZ T, TOWE L IR T+,
20min KT 100ml & 5§70, 660nm i
DREEXWETSH. 7ok, BOAWFD S EH 80 pg %
Wx 5380, To—HEHH L, 0.8NH,SO, ¥ T
100ml 53T RETH. SHEH 250 pg F T,
COFRRELFER LT B2k,

BRIHRE, SEREREY MEENH 75 A 2T o
T, BaCl, ¥ (0.5%)0.5ml %jnx (S ofE#EHIL),
10°C Thngh LTk kR et bRoRLEY
BiFr EL—EORHERIEEXT > TERT 5.

5. REBHERLEBR

5-1 Ca-fTEE¥0HH

Ca L&y —BeRE THEETH B O T, #Hto
Ca-NEMDO LT B2 BHBEOBRICELE L, AWK
ARV TREER Y77, Table 312, BEOH|
BEBSVCRRPOSBEEL AT L, BREY RS
$DTH%. Table 3 mbihbidre, CaSk i
CaO |2 AAF, SA R B IV MS ZDOWTHhDEM
Wied LSBT D. (Ca, Mn)Sik SA REHAHC X <
BB, AA BB IO MS BREHRECIILRETC
{\r. MnS, FeS % X ¢ CaO-AlL,0, % CaO-Si0, %
&0 AWMLY Bt FEMRT B THD. It
¥, TEA REMBECIIZALDEEWITR DS
Thb.

D&, LEDHFBRETA, @A Ca-SrEl
EMRME L, F2ULERY Table 4R34, Table
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Table 3. Chemical dissolution of synthetic compounds by immersing in various electrolytes.

Recovery (%) YQ‘ .

T = — —

AA-electrolyte* [¢] 94 - 95 70 48 98 100
gsa-electrolyte** 0 82 27 22 10 100 96
MS-electrolyte*** 0 88 94 72 [¢] 99 96
TEA-electrolyte***x 100 99 98 100 29 100 ) 28

Immersing condition : room temp., 3h Sample taken : Smg

*:10% Acethylaceton-1% TMAC-MeOH **: 4% Salicylic acid-2% LiCl-MeOH *** :39% Methyl salicylate-1% Salicylic acid-1%

TMAC-MeQH %% ; 204 Triethanolamine-1% TMAGC-0.04% BaO-MeOH

4 bbb X5, MS Zk L TEA ZREMKED
BE, B X0 CapHifEizf@s o CaghE (Table
2 BR) wiliE—K LTw5. Rphix, CaS, (Ca,
Mn)S ¥ L O¢ CaO-ALO; R AT EVFLELT
$h, TOEONEYH LT OTBEMEIC I > THEE &
I NB T EAbomB. AA £l XU SA ZREME
D¥f, CaO-ALO, ZEAMILMYEEHETHHHEB
Cix, CaEE{Hr MS %k XU TEA REMEDOES
LA EER . —F, GaS F it (Ca, Mn)S
PEETHRBC L P, EBEMEL, BT AA
RBEMWE T T OEFSBRZ .

Ll o \fEa 4 EL, Table 3 0B EEREE LI
BFELL—F L. oz, Ca-fifbid MS %
BRWICET T ICd 230vbh 57, o REDLE
P EECIIRESESCHEIhB. Z0BE, (1)
AR & MENFEY L oD %, (2) BF
T, Ca-Fifbdprtsk F R E 0 Fe,C L HHEL
BahARER L, BRE LT EET52 Lk, (3) EME
XORBEOBHE L Fe 1+ vEBELTWEZ &, &
ENEZ bhayy, FEZBITLCIE Tk,
7272, MS REMWFCEIYAAB R KETD
LI BERETHS.

Ca-/M 8z MS Z® XU TEA ZEMWEwW LoT

M TE5H, TEA ROBE, ABPOEMRESILER
Wi h P WRENDHLDT, EF LT MS REMK
OFEANESTHD. MS REME T, BREL —50
mV~ —250mV (vs. SCE, JJTFE L) o#if<, Ca-4
EHORERCEITR bhina o,
5-2 it L BILDDO T8

(1) SHRELLONE

Wik LB b E BRALFRC HEET 572D, 7,
HSRAB A GTER L. REE2SEBORENEK LB
&L, gEHIkER (10mme) X b FIRPCinERE
LTohZBiRE L, AA KR, SA RB IV MS RO
BEMW T ER LT BEELL L ERED R HIE
Li. TOHER, 3EOEMKT AA REREHIED
riRosEBERT %5 & baof. Fig. 112
AA REMEOBEOWES TH 5. EEOHRELE, 5
mA DUFO#/N e T ED IEME /s Zia X b 1L RE ThH >
fo. BB XS5, BREBRIOKEF L LT Cu AV
B bwEz, BEORAEL Cu @2\ Th 727,
Fig. 1 22bhom5 X 5, HEEAL Cu X h B0 L
Dk LT Fe,C, MnS, CaS X ¢ (Ca, Mn)S, H{l
DHo L LT CaO B XU FeS Wiz CaO-ALO; %
¥ X 0 CaO-Si0, RE AWMLY DT Ky S hic. L
om0 T, REORI D IkEKD Cu s O BRE

Table 4. Electrolytic extraction of Ca-inclusions.

Sample Ca content of residue ( % in steel )
AA-electrolyte| SA-electrolyte | MS-electrolyte 'TEA-electrolyte
(=150 mA) (-150 mA) x (=100 mV) & (40 mA/cm?) xx
B (Ca:0.0054%) 0.0049 0.0049 0.0054 0.0051
C (Ca:0.00483%) 0.0003 0.0040 0.0046 ‘0.0047
F (Ca:0.0057%) 0.0029 0.0051 0.0058 "1 0.0057

Sample dissolved : 1g * : Const. potential electrolysis ** : Const. current electrolysis
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CaQ-Al;03
Ca0-Si0z

T84 -0z 0 0z 04 06 08B 10 17 14
Potential, Vv vs. SCE

Fig. 1. Potential-current curves ; AA-electrolyte,

X (LT, —®kERERLT) LBARE Ld 0BG
&L, BREMY +0.4V AT X v FBHCFE L TEMR
CAF, Z®)kEMEET) THhE, oMBEMALOETE S
T, Ca-fifb¥& Ca-iEBERIL EDHBENTIRE L 2
bhs.

(2) BHABloRI L gkERF5E

Cu Ot E 2 Ca-NEWr B RLEm 5
THBE, BiROBERMETcHD Cu i, BRELC IDOT
SERCHBEIND Z LN LD, Zoted, Cu b
—REBHBREI DO BEWD K%Y 2¥0 X 51 (Fig. 2
Z8) 1707, SeHI Az (20mmé) EHVTHRRIIC
INREETE A (No. 5A, 25mm ¢ ) DFYE AT
hEIF S, TN~ FREFZ Imme OREEY EE
LicHASfEYE &, BINELTASMOIERE A1
CHELAALTEETS. DO 35Uk FAVT, —KEM
X% Cu 420mg + 10min B4 L, =5 400 mg
R LT EROERREBZOPOREHED FCEL .
P 20t JHHEEERC 30s fMNAE (10t) L, 3w 50t i
FE2EC 10s 3o 2[EpnE (B0t LTRETS.

S ORERE Y Fig. 3 WRTEMERORMRERS
DFEE, ) — FEEXLEOPREE U THRECE

Lo

d

a : Filter (No. 5A) b: Pt net c: Sample
d : Opening e : Pt foil

Fig. 2. Sample for secondary electrolysis.

A : Sample (anode) B : Sample holder C: Pt plate (cathode)
D : Electrolytic cell (500 ml-beaker)

Fig. 3. Apparatus for secondary electrolysis.

FhXen. AA REMRE 500ml #Hv,, N, #RA%K
FRAZ IR LRABLTC Cu ¥ EMT5. N, ¥ARILS
B OFIT, B (AL ~HTHT % Cu 2%
L, Wh~DW% FHBHIET50EL2. i, Bk
L L ASEPEARTY A FFTBHLIRIT, DFD
HERBELRS. (1) A& ARKY /LT BRI
¥BTh o, BWBEAOASBEE cOBLE LI
LAERG. LicpioC, BB LLEREIHELL Cu
DOBERCEHLETH. (2) BiRE LTo Cu 3v—aV
IR GCHE» GBS, Bk E CEBOBRMKTH
AL OHEHTS C Lil, BLETEEINRD.

(3) BRfE2>WT

HEESHTE BRI E LICBE T, AT EEAEE
WIBDMREE LW, Lhl, —RERBIOKEMR
TEBMEEACIISE, FesC O chT 5l
CHABRECILE L, TOLDBEHREI ELTEE LT
EBEOHEDOREC I 2D T, “REBRCIIEERE:
EAEA L. hk, REBWRT AA REMRGLYFERST
LR E, ZRERCHE T AR I O—KEMMEICIT T
T AA REMB AL L L.

I, “REBROBIELEREYND D, DED
KRBT O, —REEBRE =22 VET -7 4 L5
~ (25mmg¢g, FLFE 0.2p) THEL, KETFX~<-
ERKED T7 4 2 —®K{LL, X% Fig. 2 ©
Iy BETS. ChexBEs LT 25~40mA OER
fET 17~20h B LIHE, TBERBROKRF CaREREL
T Table 5@R L.k, BFEWHOBEEEML, B
FifEst 25mA, 30mA D L &, FhFh +0.8V, +0.9
V fHECHD. 40mA O & X 2B D 5 R B3
T, BHE L ELOBRIAHAE CH .

Table 5 2R L7: kBB OREE Cail, Tk
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Table 5. Relationship between amount of insoluble Ca and value of current in the secondary electrolysis.

Insoluble Ca after secondary Insoluble Ca after
electrolysis, 17h (2 in steel)* immersing, 17h
Sample (% in steel)**
25 mA, 20h | 30 maA, 17h| 40 mA,17h
B 0.0037 0.0038 0.0039 0.0046
C tr. tr. — —
F 0.0003 0.0004 0.0007 0.0021

* ; Residue extracted from steel with AA-electrolyte was subjected to secondary electrolysis by the use of AA-electrolyte.
#* ; Residue extracted from steel with AA-electrolyte was subjected to immersing in AA-electrolyte without electrolysis.

Nk 3w (Fig. 1 28B), BLUWENMEY & LT o
Ca b#2 %2 LMWTEBH, “REFREREL 25~40
mA ZEWT, BE CaDERMEICIZ LA EEX DD
7.

Table 51213, AA REMRIC L 5—KEME S X,
COBMBCEE LB EOTRENE CaoERELEA
Lz, ZhBoEREZEER D Ca & (Table 4 2H)
CHNTHRALTE D, Z0ERIE, Calbiho gz
B (Table 3£H) 2 bF 2T, #ho Ca-fifLiyr,
AA REBRRICRA T TRHDDBERTH L5 L%
ALTW5.

AERRTIX, 7 4 v F—DRALAERKILEE Ao
DT, ZDORLMED Filbh~0 EBOREY Ba L
7z. CaS, MnS ¥ 7% FeS (Wi b SHGE Smg)
oo YET—7 4 v F— L EHITIKIEUE AT,
MEOFIERC IR TREIFD SE 4 L, MEEDSD
BAERY RO, FOEER, CaS, MnS ¥ X8 FeS iz
DWT FhEh 8%, 9% BIU 9% O EFHDL
h, O MR T CaS, MnS- 3 RET H B,
FeS 3ETREENL D EE L bhvic
5.3 $sh Ca QIERIEE

Table 2 O EHCOWTOREFE R % Table 6 =
AT, T oTiR, (1) MS REMKC X5 —REMEE
JEOWTOHHE, (2) AA REMBECIH—KE
IR X B B KRB LB DR X2\ T O HTE,
(3) MS REMRC L A5~ REBMBEI X 2% 5% -
AR ) = VERCBERDOBRICDOVTOSHE X
RERTA L. Fh, ZREMZRID Cazzizls
T A2 - AVBEREEED Cakbhil Ca kL,
OERY—RERFZEEID CaBh bEF Wb 0Rbb
Y Ca & LTHER L.

ZZTHRMOMR CaRl—kEREID Ca@JL oz
MLEBEHLEES Sha CalEdikdbha, Table 6
DR I, SHEL, Al rEmywaEAr A(Ca/S=

10, Al/O=219) Tix, 0.0034% DREHEI L Ex bh
% CaifEfET 505, ook (Al/O<8) T,
—KkEFHERID CaBREMOMK CaBRIFIE—EL,
B LEr bhn Callid & A SEELR. REA
¥ X0 B(Ca/S>5) Tit, —REMEX DS BEVEHO
BSEE I —%L, Co-fiift¥risEoiciiizhics
ERRLTB. Lo, ThBStoFE (Ca/S<0.5)
T, —KREMBEOS BITR S BEICENTESL, Hi,
Mn % & &V C T, BSED 69% »hmtixh
fei ¥, ' '

TREMRBIPORBEYE Ca kLT, ODFWEE
B(Al/O=1.9) Ti% 0.0038% & HLEHYE\MELE bR
7. FoOfORE (Al/O>5) Tz & A EHTE Uit
2y BHBEWIIL ABEETHD, hbLO SRR,
Table 2wk Lic Ca-NEYORELR EDHTT5.
—WEMFE XD Mn, Fe [P TR VT, B IRIEY
BIOFAE LTHELEEELZ Bhb, Table 6
DFERIZ, ZhboILEWH KRBT X > TIZITESE
EHBEENDBZ LR LTS,

2% XoE - 4z~ VERRECX 5E{LHE Ca
DEBITH ALY ORECIBLDTHD. FHHEDOHIT
BRoRBEMEC I DECEEL, EFERDOLDLD
B8, BEAEORBICE THEC X AR X —3K
LTW5.

5-4 @y LiA
uﬁo%%ﬁ%v%o%%ﬁbtﬁ&@%ﬁ%uTk
7T

(1) HFEHH Ca: BREE MS KEMREHVT

BUEML (BHBEL —150mV), BXro\wT Ca
YERTS. '

(2) [EBH Ca:
Ca &) .

(3) MEtipT Ca: MEEIE AA REFRE AT
EEMEMEL (BEEMN —150mV), ‘BIxk==7)

(B OfE Ca #)— (W EHE
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Table 6. Analytical results of steel samples (% in steel).

Residue after

Resicdue after

Residue after

Sample primary electrolysis secondary electrolysis immersing in 2%I2-CH30H
Ca S Mn Fe Ca Ca * Mn Fe Ca- Ca * Mn Fe
(Oxide) l(Sulfide) (Oxide) |(sulfi :
2™ | 0.0006 |0.0003 tr. |0.305 |0.0002 | 0.0004 tr. | 0.019 tr. | 0.0006 ] tr. 0.27
B"* | 0.0054 |0.0011 tr. | 0.022 |0.0038 |0.0016 tr. tr. |0.0039 |0.0015 | tr. tr.
¢ | 0.0046 |0.0083 tr. | 0.635 tr. |0.0046 tr. |0.010 {0.0012 |0.0034 | tr. 0.57

D 0.0053 |0.009¢ [0.0091 | 0.550 [0.0003 | 0.0050 tr. 0.002 j0.0009 |0.0044 — —

E 0.0051 |0.0091 |0.0094 |0.159 |0.0004 |0.C047 tr. 0.002 |0.0004 |0.0047 [0.0008 0.14

¥ 0.0058 |0.0112 |0.0155 | 0.182 |0.0005 |0.0053 tr. [0.002 |0.0008 [0.0050 |0.0032 0.15
* %k

G tr, 0.0129 |0.0230 | 0.155 tr. tr. tr., — — — —_
* k%

T-1 0.0020 | 0.0040 | 0.0400 | 0.82 tr. 0.0020 tr. [<0.01 ]0.0002 | 0.0018 {0.029 0.50
dekk » i

T-2 0.0021 | 0.0055 [0.0476 | 1.27 0.0012 | 0.0009 |v.0034 [0.079 [0.0010 | o0.0011 |0.036 1.24

Primary electrolysis : 3% Methyl salicylate-1% salicylic acid-1% tetramethylammomum chloride-methanol electrolyte, anode potential

—150 mV (vs. SCE), sample dissolved lg

Secondary electrolysis : 109 Acetylacetone-1% tetramethylammonium "chloride methanol electrolyte, current 30 mA, 17 h
Immersmg in 2% I,-CH3OH solution : At room temp., for 30 min, under ultrasonic vibration
: (Amount of Ca of primary electrolytic residue)-(amount of Ca of sccondary electrolytic residue) **: Forging *** : Continuous casting

Sample taken : 1g (0.5g for determination of S)

KT =7 4 E—-CHELTCRESDFCANS. &EE
KA (H, & 10mi/min, KZEE 5Torr, HF
I5Wx3h, i, 30Wx1h) LT 7 42 —% Kk
L%, 05 HAskx AT Cu 420mg » X <BS L,
400mg 2 LCTIERET5 . h BB e LT AA
REMBEA B, EBME X b kK EM BO0mA, 17 h)
LTCu =MV oy 7ABRLILE, BRED CavER
T5.

(4) HifkdpH Ca:
Ca &)

rEHE Ca &)— (Rl

6. Ca-fiEEMOWIE

SEERC V78BN, Table 210k LicX 51,
Ca0O- AL O,;, Ca0-2A1,0;, CaS, (Ca, Mn) S 7 &8
HFAE L7z, Photo. 1, 2 12 Ca-NEMIC O\ CDETE
HMBEFETHD. ChHDEED X 51, RE Bz
e 2 5 2% — LfKkeo CaS 2%, P ECIEERBEE 70
LIEECR O (Ca, Mn)S 43#54E L7-. % #-, Photo. 2(b)
CrRTE5 BEXe M EHS Rbh, Zhit Al-Ca-
Mn-Fe-S-O REANEWTH DA, O NTCIHRIK(L
L7 BN F MR LT 5 0 BE X h i,

CaS & a-MnS i3V Fh &3 H G, BEREB LT
(Ca, Mn)S %M T5Y. 2 CHEORESH®TL

THB L1 (Ca, Mn)S 2o, XE@ITEC LD E
RfE A HIE L8R, Fig. 4 wrid X5, WG s
Ca/(Ca+Mn) fE (at%, LLTRC) Ofdic EREEERS
Bohie. LiaioT, 2 oBER AV TR D (Ca,
Mn)S DESHES HETES. 1L LT, Fig. 4
2, BEMREDEIOF LM L (Ca, Mn)S
IR EEY, FROBEHE SRy F LTRLE.

R. KiessLING 5% |2, (Ca, Mn)SEE Tl HO L
DY, KIETX2ZHCBET S - &R~ Cw5. Fig.
5%, &® (Ca, Mn)S % Ar ZEE T, 600°Cx
16 h #7=(% 700°C~1300°Cx3h Oinzhie2s L
O OHEEROMEES, Fig. 4 OBF* AT Ca/(Ca
+Mn) {ECBEE L, BABBELSELT =2y FL
TobDT HB. i, Fig. 5 @iy, BEHRE F %
1300°Cx3h OB EKE L, Eic 700°C~1200°C
DHERET 2 hnEEKE Ui 82 i Lc (Ca,
Mn)S oW T O RIERK R BEEA L. Fig. 5B\ T
FESrrRo v RicT 5 2D (Ca, Mn)S 233tE
THERTHS.

Fig. 5 2 8MBI X% (Ca, Mn)S DO¥E% 415
ZEMNTE BN, ERME X O ELET S (Ca, Mn)
SEOWTOERERVA—REC S m, FTER. L
20T, Witho (Ca, Mn)S i@o\WT H EE K &
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a. Sample B CaQ-2Al1,03 b. Sample B CaS ¢. Sample E  (Ca, Mn) S
Photo. 1. Electron micrographs of inclusions extracted from steels (as forged).

a. (Ca, Mn) S b. Osxysulfide inclusion (Al-Ca-Mn-Fe-$-O type)
Photo. 2. Scanning electron micrographs of inclusions extracted from steel E (as forged),
and collected on silver membrane filter.

2.90
- ~ 1300
< & (Ca,Mn)S
Q2.80F - L
6?' < 1200 »*
. @ 3 27
2 £ 1100 3
g 270p o
& = 1000
g s
g 260} : @ 900} =
. L . . o - 3 2 phases
0 10 20 30 40 50 60 70 80 90 100 w©
(Mns) cy (cas) 5 800
(CasMn), at % 3
O : Synthetic @ : Extracted from steel D % : Extracted from g 700
steel F - o
"Fig. 4. Relation between lattice spacing and the 0
value of Ca/(Ca+Mn) in (Ca, Mn) S extracted 0 20 40 6 80 10

from steel samples D and F, (as forged). . (Mns) Ca (cas)
. (Ca+Mn), at.%

O : Synthetic % : Extracted from steel F

BEMTERN W ENFEDBRB. Fig. 4 r Lz Fig. 5. Equilibrium phase of (Ca, Mmn)S.
s, FEF ofEMci Ca/(Ca+Mn) fE 10

%, 30% BRIV 0% o 3EHRHEKAE L. Z DR D, 800°CAUED HD Tk 10% LT 90% o 2
% BLER U7ofglY, Fig. 5 ® X 512, 1100°C~1300°C  f@HEdE Li-. %o, CoREE 700°C s 5 &,
WED PO T, R 407 a0 1EDoR L 109 fEDHDDRT, THRIND 90% fFLD DI
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FER I high2oien, Zhil, oS HEo (Ca, Mn)
S BEMAR L, XEBEHFEC X HBBRELTO -
DLELZ B,

7. = =

MS REMK X5 —REMEE D CafypiffEis, %
CORETRMFOR Came I —HKTHZ EEBX
7z (Table 2, 6 2B). o7, REATIIR CagL
EHHD, BHHE ELORA Ca F& LT 0.0034%
DENE LR TS, ZOREHCOWTREB &, Al A8
Br@muws, NMEHEYART5HBRI ORI Al>Ca
EENTBDTY, Ca-MILMANED I, BH
TEENDLSHFIRT CaS L LTCHEELLLREL,
D CaZmaBboih Ca@nbE LG &, HKD Ca
ik 0.0035% tich, ZoOEIXEEEOSHHESE XL —
T 5. —F, ALILERE CaBoEhcE s +5xk L
W, JIIFBY 5 Al g s CEIEM &£ %
bird CaDFHEERD TS, ThbDZ &b, H
WOFFHEC X BB EE 2 bhd CaDpPrdt+aR
MicdhDEEZL DI ENTES.

Ca-Gifby & BALHZN WD LHEET AT, —K
BB 10 220 Cu LRSS LTIEREL, =
NWEBHE - LT R EMET 525, ZOBE, MEDK
SHLT=brYy 2A2L LTOEBRT % Cu i, EEH
DOBECHR4ACHEBEINLD T, Cu OFICHEI i
Ca-Tiibds, BFELEAWVWEETEMBE LToD Cu =
FY o ZADDBEET SO, T hBTEL EELS
o, i, Ca-GibiZ kBT V5 AA RE
RICIRACTIRD A BB %5 (Table 3 &), =
DX O, ZKREMT KT S Ca-TRILY OB, BEX
{E22H % X UMLSERY e D bOERC X B 1, —@
MECHDEELDBRD. —F, ZREBOFTWEL L
C—REMBIZDD S5 HAGEDH T Cu LIBEEST B,
COBREINED M T 2R 5 5. BEOKRT
IhuE, RBECHE LLEXRLAEDL, BeHk1
p LUF ey @ S ot e,

b Ca-NEEHBT 2 WMEIEE L, BIEHRD
b b LT Ca0-Si0,, 2Ca0-Si02, 12 CaO-7
ALO; ~3Ca0-Al,0412, CaO-6A1,0, ~ CaO-2A1,0,
e &hS, Bk E E LT CaS, (Ca, Mn)S, (Ca, Mn,
Fe)Se, o Epmbh Ty, BT, i &mibdyr
BE LBt b HFET 5. B mibs s
(1) BiehoEmTHE Licho, (2) BtYokrN
s Lich o, (3) Bk —eafiLicd o,
73] 3 7@?:7:5']‘5 hés)xs)ﬂs).

AL ARNTEY 2 kB HE LIS, b
NEWEEROMBRREERICAND &, Bdntfity
B LOBHLD 5 & (1) B bW 7-EHE A HIG
Lt imigsEs, (2) HoRA OBy & KR53
PEFHERS EEbLRS. Linl, (3) BEol—4o%H
RDL0 TR, NEWHOSEECLBEGRL, TOBM®
ZEBNIHIR L Linw. o7, BBE TR DO N E
MpEEAE Lichs, Table 6 &R, oRBFOF
LYz EEe B RIncLBbhs.

ek, “RBMHBCET L VECOBREGBIET, %
to, —KREMEZ L Cu DEATAVEDD S5 Utkm b
D CaDBERTERCX I

8. &

b Ca-NHEW D BRI F R X O Ca-Hifbi 5
Y LB BRNEY BRI BT 5 e
DVWTERE T, DEDOREREE .

(1) 8@k Ca-NeE¥it 3% vV F A2 F L5
B CTHE X < cEs. LiaL, Ca-fift
Wil OEMROCT S CTHBH DT, BB % EIRE
BET 50l idis Hise.

(2) R L#s: S5hz CaRd @M oi Calt
ENEHE CaBmDEL LTERDLRS.

(3) 10% 7xFir 71t YREMK W B T,
Fe,C, MnS, CaS, #X 1t (Ca, Mn)S o 4 Efiit
Cu R X b Eflic, CaO-ALO Z¥s X ¥ CaO-Si,0
EEAB TR EICH S .

(4) EBFERIOHECHVWALI=2 7 IVRT—7 41
Z—DREDIHDIKES T X = - RIBIKILAE I S0
T, CaS H XU MnS 2ZML Liz\2%, FeS 3#HEFH
35,

(5) WMEBILHEKRD Cu LEE LTIERE L,
ThwBiRE LC 10% 7eFL7 & b vEREREG DT
ZREMETSE ke kb, Ca-Bifbdr EIRWW B
L, CaB{t¥pdé DNBENTTEETHD. TOREMT
FBLTEIFD Fe;C, MnS 433 h5.

(6) (Ca, Mn)S iIiziREW & 5 FHEEM» B 5 -
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