SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

72514 MRAT VL RAMDRET TR D LHEA
DB REES

&/N, B

TN RS K T A T 245

o, 2
FUN K2 T 4R B R 2 T 2R

RS, ]
RRRNFEERMATAR

e, 1507
FUMN A RSB T A JeR AR T 22559

https://hdl.handle. net/2324/7172652

HiRIEER : Tetsu-to-Hagane. 109 (2), pp.106-115, 2023-01-31. Iron and Steel Institute of Japan
N—=I3

HEFIBAMR 1 © 2023 —fRAMEDIEA BRSNS

. KYUSHU UNIVERSITY




I 106

Tetsu-to-Hagané

Journal of the Iron and Steel Institute of Japan

Tetsu-to-Hagané Vol. 109 (2023), No. 2, pp. 106-115
https://doi.org/10.2355/tetsutohagane. TETSU-2022-105

Regular Article

Dissolution Behavior of Ferritic Stainless
Steel In Liquid Magnesium

Yu-ki TANINOUCHIY”

, Tsubasa YamacucH?, Toru H. OkABE® and Hiroaki NAKANOY

1) Department of Materials Science & Engineering, Kyushu University
2) Faculty of Engineering, Kyushu University
3) Institute of Industrial Science, The University of Tokyo

Abstract:

Steel containers and equipment are used to handle Mg and Mg-alloy melts in industrial processes such
as Mg casting and Ti smelting. In this study, the dissolution behavior of SUS430 ferritic stainless steel in
liquid Mg was quantitatively evaluated in order to obtain fundamental information on the contamination
of Mg with steel materials in these industrial processes. Pure Mg was sealed in a SUS430 crucible and
melted at 1073—1273 K for 24—96 h. In addition to Fe and Cr, some minor elements in the SUS430 (Mn,
Ni, and Cu) were evaluated as impurity elements dissolved in liquid Mg. The concentrations of Fe and Cr
in liquid Mg reached a steady state within 24 h, and the empirical equations describing their temperature
dependence were obtained. In contrast, the concentrations of Mn, Ni, and Cu in Mg increased with in-
crease in melt holding time. With the dissolution of these elements, a region with Mn concentration lower
than that of the original composition was formed on the inner wall of the SUS430 crucible. The validity
of the experimental values of impurity concentration in Mg was discussed based on the thermodynamic
data of Mg—i (i = Fe, Cr, Mn, Ni, and Cu) binary systems and SUS430. Furthermore, impurity uptake
through liquid Mg during Ti production using the Kroll process was preliminary discussed. The findings
of this study provide important and beneficial information for improving impurity control in the melting
and casting of Mg and in Ti smelting using Mg as a reductant.

Keywords: stainless steel; magnesium; liquid metal; dissolution; impurity contamination.
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Dissolution Behavior of Ferritic Stainless Steel in Liquid Magnesium

Yu-ki TaniNoucHt, Tsubasa YAMmacucHl, Toru H. OkABE and Hiroaki NAKANO

1. #8

Feld, Mg & &IEBMLAY & 2R3, Wik Mg H DR
BE NN 20720, EBMgR T DAL LB - 8
g BT, OB BEAHH NS, R
I & B EE Mg DBELE T3, Wik Mg 28 E T 5 Fakikic
WMMAHH XN EEAEH 5, £/, 72 VElgiF Tk
TiCLOMgEGETLIC K D EETI (AKX O F 4 V) »EE
INTED, BAEMgORFFRHRIIZMEOERR 4
THRHAWSERTNE,

WAL 2 & Mg R Mg BB D RATIZIE N $ 5 Fe D &1
BN D3, 2 OB & FlfEE S LEE T H B, i
Z1E, MgDMTEMIEFeDIRAIZEL > THLLLEADNI
5%, ZD0, BIFAMETER QL &N 5 HEEH Mg
BE T, Fe ORMMIRIE I E H 50 mass ppm LU T IZHIFR
XT3, JloHEHE LTF 2 V8T, BICAITH
B MgIZ & £ 5 Fe X0 7 DDA A, HEHLL, T
HHARYYFRUPANERTTSY, DF 0, Fx vEl
AT, #i440 & R Mg I S 5 Fe R 2 Ofthd I
N, ARV OF 4V ORE L BUENROK TR & 75 >
T3,

Mg R e il Bl AR 23 B il 4= 2 BB A4 120, BRI 2 2 & o
BUSCRBEMAMH I 2880, 20K 5hd
2, #hicEEh A Fe ISR S AT 5, Bl A3,
Mg DHIEHIZIZ 27 L 28 (SUS430 72 L) i 2
29, 25 v L AHNIE Cra110.5 mass% B LRI AT
0, K H» 6 Mg RA RN &, ETIEH 20Cr A
W92, 7=, FARGMPICIRINE NS Z DL NIIE, Mg
L OALZEHAE D Y, Ni A RO K = Wik (5l %
1T, SUS304%°SUS316 £\ 5724 — 27 F 4 bRATF VL
28) WA Mg &% &, ZRONIAEFMER 2 5
Mg HANEEHT 27, ZO7-0E%ET 0¥ 2 TlE, Mgk

A & Ni B A O SO & OB 2 Bl 5 &
5 LRINTV D, WRD IR 85 12 B AL 7= R A R
KD SN BERTIE, REMBNED SNz —Z T F A4 b
RAT VYV ZEBRPEHAEND L8 H B,

AT M 22 5 Mg R RN & T 2 A o &
R, Rk & ORI X @M ORRMMEDO LT, MghE
DELERF 4 VBB E 5 72 ESE T T Y 2 O AKEYEIENC
BOTHEBELHBEEHRE LS, L2rL, ANz
NETHOMZRAEL 2L IR THE ST, 20
KEARHETDH 5,

Table 112, FEMHI A & Mg REA T ANO B F &I
My @EoWEEnRT ", 72934 P RATF VLR
$IZBI L Cid, Kaitoh & 23, ZZRFEHIC K > TH LG
i 0D Mg % SUS430 B4 oD HE i b T VAR % F2BR & 70,
BHEEEICEORARE WA LT 59, Kaitoh 5 O fiff
22T, SUS430HH D &K 1A 1Z MO J % K & 4 5 Rij LB
2ii->THD, 973 KTL5 hORBALFERIZ B 5 Mg
D Fe & 130.001 mass%, Crig)E % <0.001 mass% T b >
72, %72, Sonoda 5 1%, SUS430H i h CHEMRME~ 2" % >
LE4 (AZX912) #IAREIL, Fe/k EDRARE & MgBED
M EMEANDBEE AL LT 5 'Y, Sonoda 6 DF#E T,
1003 K C1 hDFEULEL % 17 - 72354, Mgd&4H O Fe i
JE 13 SUS430 20 5 DIENIZ & - T 0.012~0.015 mass% (23
ML 7223, Cr DR AT ICP R N AL TIZEED 5 s
"otz

FZ H $#4 D Mg R P AN DA R ICB T % w1 21
WL Z L, 2 2 TR TIE, FEEFIC WO THIHEM &
LTINS 7 254 FRAT VL Z§SUS430 ZELD
EF, 10731273 K ORI B0 5 WA Mg R\ D I 17
20 & AL 7z R L 22 Mg A O IEHE IR, Fe
ECr, BXUHEH L 2@bofE4eEcE (Mn, Ni, Cu)
TdH b, EBRTH O N7 MghORMPIIRE O %,
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Mg-i —JC% (i =Fe, Cr, Mn, Ni, and Cu) & SUS430 D#J)%#
F— A RCHR L, £, Bon B AMHL T,
F & VEIBRIZ I AR Mg % T L 2 AR A IS DWW T
T e iam & 17 - 72

2. KBRAE

21 ##

Fig LISAMIFE TR L 2B O SMBI H %, & 7= Table
2UZAMIZE TR L 72 Mg & SUS430 D &K 277§, Mg
IR O ¥ 44 (diameter (¢) = 9.5 mm; Nilaco Corporation)
AL TE D, ZOMEIL>99.9 mass% TdH 5. kil
B 77 X~ F NIk (Inductively Coupled Plasma-Atomic
Emission Spectrometry, ICP-AES) 12 & - TH#i L 72 Mg Hh o
AHEPIIEEE 1L, Fe230.009 mass%, CrA3<0.001 mass%, Mn
£30.003 mass%, Niz' <0.001 mass%, Cu’ <0.001 mass%
TdH - 72, HI (Outer diameter (0.D.) 30 mm; inner diameter
(ID.) 24 mm; depth (d) =47 mm) & 25 1%, JIS SUS430#L
DEIL LT A % BT U C/EBLL 2o fEAT L 72
SUS430 1D Criff 134916 mass% Th 5. 7z, CrOflic
&, Mn%%0.92 mass%, Ni7*0.22 mass%, Cu'0.18 mass%,
SiA10.22 mass% & F M T\ 7z, &, KffFeCHiHL 72
SUS430 HIZ JIN Z RO Cu B G Eh T 3 DI, LG

Bic22 79 7HPEEIR TV EeEL6h5,
2:2 RKETTRIILOREF

BIOEF Mg, RN X OBEREEK L ORIGTE
MRV ZD728, Fig2lomnT K512, MgDO#tt & Ah 7
i, x4 V727 VARTEMEA 2 (TIG) B#HdT5Z L
TEE U7, &k, HHIMNICREEL Mg HEREIT 145 +
20gTCTH 5,

SUS430 N IZ % B L 2 @Mg ik, 703 ¥ R
DBESIFN TR 2 Z L2 XD ERE X 872, BRI
1073-1273 K, {R4505011E24-96 h TH 5, e O FEF5HER
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Fig. 1. Photograph of materials used in this study. (Online
version in color.)

Table 1. Representative studies on the quantitative dissolution of steel materials in Mg or Mg-alloy melts®!¢20,

Authors, Year Steel / Melt Temperature Ref.
. Low carbon steel / pure Mg
Kaitoh et al., 1995 Ferritic stainless steel (JIS SUS430)* / pure Mg 93K 16
Low carbon steel / Mg-Al alloy 953-1043 K
Scharf & Ditze, 2007 Low carbon steel / AZ91° 1043—-1103 K 17
Low carbon steel / AS31¢ 953-1043 K
Sonoda et al., 2016 Ferritic stainless steel (JIS SUS430) / AZX912¢ 903-1003 K 18
Low carbon steel / pure Mg
Taninouchi et al., 2018 Austenitic stainless steel (JIS SUS316) / pure Mg 1073—-1323 K 9
Pure Fe / pure Mg
Low carbon steel / AZ91°
Low carbon steel / AM50¢
Chromium molybdenum steel (AISI H13) / AZ91° B
Chen et al., 2020 Chromium molybdenum steel (AISI H13) / AM50¢ 92371053 K 19
Duplex stainless steel (GB 022Cr25Ni7Mo4N) / AZ91°
Duplex stainless steel (GB 022Cr25Ni7Mo4N) / AM50¢
Taninouchi & Okabe, 2021  Austenitic stainless steel (JIS SUS316) / Mg-Ni alloy 1073-1273 K 20

a: Surface treatment to form an MgO layer was conducted.

b: Commercial Mg alloy containing ~9 mass% Al and ~1 mass% Zn.
c: Commercial Mg alloy containing ~3 mass% Al and ~1 mass% Si.

d: Commercial Mg alloy containing ~9 mass% Al, ~1 mass% Zn, and 2 mass% Ca.
e: Commercial Mg alloy containing ~5 mass% Al and ~0.4 mass% Mn.

Table 2. Typical compositions of Mg and SUS430 used in this study.

Concentration of element 7, C; (mass%)

Mg Fe Cr Mn Cu Si C P S
Mg >99.9 0.009 <0.001 0.003 <0.001 <0.001 — - — —
SUS430 — 82° 16.3 0.92 0.22 0.18 0.22 0.09 0.03 0.002
a: No data.

b: C,, =100 (C, +C, +C,+C, +C,+C.+C,+Cy.



IR, A2 Sl L, EHIZAKEG L, 2D
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2.3 9MF

ISTEALERT% D Mg DRI % ICP-AES 12 & 0 Gl L 7z, 53
HHOMgi B %2, 74 2 7RO (Fig3 (b)) &0
P L7, WIS, ZOXRMIZx L T SiCHARMEERKIC &
B & 0.2 M HCI (ag.) (12K BEEEE1T 5721, 1 gD
Mgk B % 100 mL @ 6 M HCI (ag.) TRAEIZEM L 7z, &4
BB U TH 6 M 27ET % 6 M HCI (ag.) THML 72,
5 ATV W8 Hh D Fe, Cr, Mn, Ni, Cu® i % Thermo Fisher
Scientific #1: 50D iCAP PRO XP Duo % fi ] L CHlE L 7=,

ICPHIE D HTERzE & U Tid, BREBO A & &l
DD R UKEE 2 ZE L 72, 0B D Fe, Cr, Mn®D
WRIEE, W 1-10 ppm DFEH & 2 5 LS5 ITHEL T
B0, FILEDHERFEITZNZENIHI3%, 3%, $94% T
H o7z, 72, NUZDWTIE, SHETEHOIRIE A 0.4-7
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Fig. 2. (a) Schematic illustration and (b) photograph of closed
crucible for holding liquid Mg (Exp. SUS430 006).
(Online version in color.)

T2 IANRAT VL DMK~ 7 3 AN D VAR ZE B

ppm DHIPH L 225 X HIZTEL TH D, HHraizEidN 3%
TH o7z CulZDNTUE, AR DOURE130.3-5 ppm
OFHIZH D, a3 3% Th - 72,

— RO E LTI, WA Mg & FEfil L Ty 72 SUS430
HE AR DRI - Mk %, BT o — 7~ 4 2 a5t
% (Electron Probe Micro Analysis, EPMA) 12 & 0 GFfffi L 7z,
7 4 27 ROREBF (Fig3 (b)) DK %, SiCI A
MICKOWIE L 728, NTWEETEL 72, Z D%, Mgk
SUS430 Hth P BE D R VT %, S SAE i 13 O EPMA-
1720 Z i U TSR L 72

3. ¥R

31 TTXIILOHERK

Table 312, 4 OWE - KNS TAEBUILEEH: O Mg D
B %R, Mg D EARHMPITTR DL (C,(mass%) , i = Fe,
Cr, Mn, Ni, Cu) &, SUS4307 5 DEHIZ X DIEMIL 72, &
ELPE S I2 B0 T, Mg O Rl E o K/NBI %I,
Cee > Ci, = Cyy > C > Co, Th o 720 F 72, RO LREFIRFA
A CHAITIE, EELBRRE &I E CofEidR kL
720

Fig.412, VAR 12-DW T, C ORI IR 7
ERT, Cp & CAZDNWTIE, WTFRDWEEIZE T Y,

(a)

<+— SUS430
closed crucible
(¢=24 mm, |.D,;
d =43 mm, depth)

_ Specimen
for analyses

AR NIRRT

Bottom  Specimen for analyses Top
H

Fig. 3. (a) Schematic illustration of the closed crucible after the
melt holding process. Dashed lines indicate the cut-out
positions. (b) Photograph of typical specimens cut from
the closed crucible (Exp. SUS430 09). (Online version
in color.)

109 I



. 110

$% & $@ Tetsu-to-Hagané Vol. 109 (2023) No. 2

PREFIER] 24 -96 h OFF T —ETH > 720 —H, C &
Cyiy Co 2DV, RIS R VZEEES K E 2 5 72,
Fe & CriZ DWW Tid, fREFEE 24 h BANIZ SUS430 A 5 WAk
Mg FHIADEHAEIE L T3, —J, Mn & Ni, CulZDWn
T, PRF5EE 96 h % & SUS430 2 & DA H A3k L Ty
5EELZLEND,

Fig.512, Cp & Co, D IE MALELG AR AFE &8 970 ARF%E
THONTz Co & Co b3, TERVLBIIRE OW R & BT 25 #10F
BIfREHA LT\ 5, /h FEIC K B 8IFRRICE D, Mg
I OFel g & CrijlE O EHAE (C,, v, (mass%), i = Fe or
Cr) & (T/K) OBIRAE LTUIF A5 M,

10g(C” ey ) = —3-68x10° /T +2.33(£0.02) [1073-1273K]
(1)

log(C =-437x10° /T +2.43(£0.02) [1073-1273K]

-(2)

*
Crin Mg

BB, log (Cy) OARHED X1E, HIZMIROFEHERED 2
&5 CaEMifi U 7=,
3-2 RFULARFEOHERZEIL

Fig.6 & Fig.71Z, Mg/SUS430 Y1 o I 1t #H % 0D 53 17 ek S
DOREM[ZRT, KR L TWB 0, 1273 KT96 h DIAH!
PR % AT > 723 Td D (Exp. SUS430_10), Fig.6(3
BINEAT TO, Fig7 3B EGE TOAMERTH 5. D
%< & S ARMIEDEPMA Tid, Mg & O RIEHEEIZHE W T
SUS430 1D Fe & CrDIREIZH B A ZITRD Sk r >
7= (Figs.6 (b) & 7 (b)), Table 4HIZ/R$ & 5 12, AR
% OMgH O Cr & Fe® H & M (Cr/Fe=0.35) 1%, SUS430
FOCreFeDERIL (Cr/Fe=0.20) & TV, SUS430H D

Fe & CrOMBIZIE L A EZ LA A NT &1, ERMg A
DEMEIEDORTEYTH S,

WA Mg & DN & - T, SUS430 Mo NEST 2 Tl
Mn iR MK T LTz, 1273 KT96 h DIARALEE % 1T >
7B TIE, HIRAEED 6 B3 K 2400 pm £ TOHE X (2
- TILDOWRE (91 mass%) KDIKCFLTHD, L
1251 % MniRE 138 0.8 mass% T & - 72 (Figs.6 (c) & 7
(c))o WAL EE DMgIZ & £ 5 Mn & FeDH i LI,
SUS430 D Mn & Fe D HE R I & O —HiLL k& W (Table
4) . SUS430 210 T D Mn & DK T i, WIARMg H D Mn
EFe DFEMHEILE T L A0,

WHELALBE % OMglZ & £ ANi& Fed H &= [b T,
SUS430HH DNi Lk FeDHEL L D —Hi L EkZ v, &
7z, WELALPER OMgIic H E N A CubkFeDH L G,
SUS430 D Cu b FeDHEEIL L D — ML L KZE W, Lo
T, SUS430H I o NEEZ& i TIZIT DM & Lb X TNi &
CuDBE LMY L T r e TPHINE, LA LADS,
SUS430 1D Ni & Cu D EHIRE D TLA /NS W28, K%
D EPMA TR G RIS 5 i - 7z,

4. EE
4-1 RETTZI) LROTHARE

Fig.8 12, Mg-i ~JCR (i=Fe, Cr, Mn, Ni, Cu) 1251} 51k
A Mg D& JE TEH i O FIRVARRE & 75322, SUS430 D
T TdH 5 Fe & Crid, Mg & BIRFLAY %K,
Wtk Mg vh o B RIVA RIS 13/ 202922 Min 3 Fe % Cr &
FRRIZ Mg & SEBEULAM AR L 20 DD, Z DOkik
Mg 1 D FIFIERE X Fe R Cr & N2 LR THiK 2 1Y,
Z D7z, SUS430 D Mn iR 131 mass% LA FTdh % & D

Table 3. Chemical composition of Mg melted in the SUS430 crucible.

Exp. no. Mass of Mg, Melt holding p‘rocess Conc. of element i in Mg, C; (massA%)
Wwig/g Temp., 7/K*  Time, ¢'/h Fe Cr Mn Ni Cu
SUS430 01 14.90 24 (369(?(?353) ( fd§()2()3153) ( &0 01 05026) ( 369006‘(?2) ( fd%)(f 032)
SUSE0.03 1570 1073 48 (36955324) (36955192) (36?5(358) (fd?oog(fa) (f(i?(?(i%)
susso0e 1 % o005 0008 00000 0000 (0000
T B Go00s G000 G0001) (0000 (00009
wwon o a NS SE N R
SUS430_09 14.72 96 (fd.l 05035) ( 36935163) ( io(f)(;‘(?ll@ ( i()f()g()g 017) ( io(;) 01 07034)
H by e Do)
L T S N S o1
SUS430_10  14.84 96 (fd?g(;‘g) ( fdf’(?(?i) ( o 8)074) ( i0(;)0605280) ( 3695(;)]21)

a: Uncertainty of temperature +5 K.
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Fig. 4. Impurity concentrations in Mg melted in SUS430
crucible at (a) 1073 K, (b) 1173 K, and (c) 1273 K. (Online
version in color.)
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7 2 IANRAT YV A DU R~ 7 LR\ D IS 2 )

@ (Table 2), WIAMgHANDOMnDE N EIZCrOBE R E
R EZTCRENEELEND (Figd), —H, Nik
Culd, Mg & OBAMENE W 720 Mg & i RLAY %
KL, Welk Mg OVERE & KE W2 207289, SUS430
IZEHEN BN E Cud 1302 mass% FEE & K123 (Table
2), A SN ECuSEH L TMg 2R LZEELD
N3 (Figd).

AR 350 T, Witk Mg Hh oD Fe & Cr D& HIIE (C' vy
NS 72 ke 5 72 (Figs, (1), 2)). % Z T, SUS430&
Mg-Fe " JCR, Mg-Cr _TLRICBT 2REFOEN -7 — 4
% 1T SUS430 17 Mz H61) 2R Mg R D Fe & Cr D fafll
BIRIE A EE L, R TR ERIRE & %
To7z

Arai and Takedald, 7 = 74 MHHDFe & Cr DG EIRE
(3, i=Fe or Cr) %, Fe-Cr5R R Fe-Cr-Ni R T ST
ZHEBRMEA T LT PO & sl L 722,

Vre =exp| (3250/ T -2.57+1.24X, ) X, |

Ve, = exp[(szso/T—l.%+1.24XG)(1—XC,)2J

ZZTC, X 3MhOCtOENLSETH B, £72, Fek Cr
D FEAEIRIE L, Z 117 Tipure bee Fe & pure bec CrTdh 5,
AW TR L 72 SUS430 DI, Table 21278 U 72 45k
XD, Feyg,Crois (X, = 0.82, X, = 0.18) LB T X 5, AWF
"TiE, ZOREPMKE ERLoX 3) EX @) &b, i
L 72 SUS430 1 D Fe & Cr DI i (agyspe, = 7 X)) ZETH L
720 Fig.912, agyso DWRERTFIE AR,

MiFed /7 NI B 5 W ARMgH D Fed fid Ml 7 i &
(Core), B K OHECT A ILAET 2 BRDO WA Mg D Cr D fid
HIERRE (Coue) (&, TR ENUTORNTEREINSEZ LN
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Fig. 5. Temperature dependence of Fe and Cr concentrations in
Mg. (Online version in color.)
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Fig. 6. (a) Backscattered electron image and (b,c) composition
profiles for the interface between Mg and SUS430
crucible heated at 1273 K for 96 h (Exp. SUS430 _10).
Observation results at low magnification. (Online
version in color.)
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Fig. 7. (a) Backscattered electron image and (b,c) composition
profiles for the interface between Mg and SUS430
crucible heated at 1273 K for 96 h (Exp. SUS430 10).
Observation results at high magnification. (Online
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D LY Fek Criz DN TidMg & OB O AR TAl
FREMIIFRE ST B EFELONS, T4abb, &
HESE L B MM » kMg & 4 3350028, #rho
Fe& CrOWHEDHEEM & CO0, DFHIZ &K - T, MgHAD
Fel CrORANRAEZFMA L+ o crilcz s L

Wifsxh 3,
4.2 FACRBIIHTIDRETTRIILEN L
TPEA

s =ikl LTHIGNBBAEDF & VEIGHIZ I\ T,
ARV OF &Y EEGET 2 EIC LB KIS IZ LT TF%

Table 4. Mass ratios of various impurity elements in Mg.

Melt holding Mass ratio®

Exp. o, T prOCCSS'
P TWMe CFe  MnFe NiFe  CufFe
SUS430 01 24 028 018 0052 0.040
SUS430 03 1073 48 028 026  0.090  0.068
SUS430 06 9% 027 032 012 0086
SUS430_04 24 032 023 0069 0054
SUS430 07 1173 48 031 027 010 0077
SUS430_09 9% 032 032 014 0.1l
SUS430 05 24 035 027 013 0.0
SUS430 08 1273 48 035 030 015 0.1l
SUS430_10 9% 035 038 023 0.8
Reference 0.20° 0.011*  0.0027° 0.0022°

: Calculated based on the impurity composition of Mg presented in Table 3.
: Mass ratio of SUS430 used in this study. Calculated based on the
compositional data presented in Table 2.
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Eh3d,

TiCl, (1,g)+2Mg (1) = Ti(s)+ 2MgCl, (1)

DEDAKRYYF AV E LtonBET 2D, e L
BT 5 TiCl, 234 ton, EICAITH % EIEMg A 1 ton 4 F
Thd, BLAlE LTHHIN S EEMgHhIZEHEEN 5 Fe
XL HETHAMYNE, ETXLRICEWTAKR Y VF4
VHIZRATL, BERBOMEE T %, 7 2 TAHITIE,
ARWFZE TR 5 17z Mg H O R IPIRE O F2BRfE & 312,
S VB B B A OME - RAEBGRL 72, B
D=8, §ilf 2 5k Mg N & AT 2 A iR ik
Fe CrOA L L7z,

Fig.11i%, & VHIgiTIZ k1 2MgD 7 u—XTdh %,
F a4 VEEOEITL TRIE Ny FRTH 5. AR Mg % HHL
DXER ML, F1073 KO 7L T VXU R E
T 5, T D%, S TICL 2 #MBEARRMNICHE L, 1173 K
FETA (7) ORIBEEIT IR EI2ED ARV VF &
yHREGEEIN D, ks, BICRIEO R T & % MgCl,
RRUEEMRIC XD EBMg LR A IE I NS, &
JE Mg 13380 TR THAIH & h, R H 2L TICL, % B
T 5 72 OFADIEAIEE TR TSNS,

— Mg(l)

Ho

Holding in reduction vessel
made of type 430 steel

'
Mg(!) TiCly(l,g)
Fe: ~0.079 mass%?
Cr: ~0.023 mass%®
\4 \4
Ti reduction in the steel vessel
(about 1 ton-Mg is required
for producing 1 ton-Ti)

v '

T=~1073K

Practically Fe & Cr free

T=1100-1400 K
Highly exothermic

MgCl,(1) Ti sponge(s)
Practically A part of produced sponge
Fe & Cr free becomes off-grade due to

v heavy contamination.

Molten salt electrolysis

v '

Mg(/) Clx(g)

a: Calculated using Eq. (1).
b: Calculated using Eq. (2).

Fig. 11. Mg cycle in the current Ti smelting process (Kroll
process). The concentrations of Fe and Cr in liquid
Mg, estimated under the assumption that the reduction
vessel is composed of SUS430 steel, is also shown.
Note that the reduction vessel is typically composed of
austenitic stainless steel or carbon-steel-lined austenitic
stainless steel in practical industrial operation.
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BAE, HARENIZE T 2 BTTER D/ Ny F9H4 X, 10
ton {2 TdH %, FHEETIE, BITAITDH 5 Mgl PHiim
IETUARICHRA SN, F 72 KIBERYITH % MeCl, 1M
RINZHERP MO x5, 612, BLERE, @il
AT 272012, A —2FF 4 PRAT VL AR
FRICREME A4 =V 7 LA I NS Z L2 %
Vo L L, ZZTIREHR2HMILT 572812, SUS430 %L
DXEFw ISR Mg % 10 ton 7 2 3A &, 1073 KIS R FE
LizefET %, 2054, X (1) &X Q) kb, MgHhD
FelR /¥ & CriRfZ i3 Z L 2410.079 £ 0.004 mass% & 0.023
+ 000l mass% ECLEALIBZ &M ghb, 2FD, &
TEEMNTHRIFE N TS 10 ton DIEIAMgHIZIE, ®RK
T8 kgfEEDFe L2 kgMEDCrBMEM L THD, THhb
DIFIFERARITTRISORIGE & B ITERMITH 5 ARV
VFRAUVHRNERITTOEE LN,

EICKIBOHETIIZ B W T, BICEBIAAAET 5 ikik
Mg 3B aAEEN S ARV U F & v iiNFe & Cr & Hik
ZHRE LTEMEHT 5, X (7) ISR L 28T RIbIE, 5
PN RBESILTH 5. IFFNOIRES 1173 KIEE L 55 K5
IZRMEER D & OB TR T 5300, BTt k-
TR RBKEEZTRES EHT 5, X 1) LYEHET
&, 1273 KIZEB I 2AMgHh O Fe ¥ (~0.28 mass%)
&, 1173 KIZE T 18 (~0.16 mass%) DK 1.8f5 & & 5.
72, R Q) KDEET 3L, 1273 KIZE T BHEMgh
D CriftfE (~0.099 mass%) &, 1173 KIZ¥F B0l (~0.051
mass%) D195 E LS, 2OLII, WED FHELE
12, BERNIZRE SR 0 3 1EERMg DA 5 Atk
B ke ET 3, 2KV Y F 2 Y ORMMIIEL A K
Wd 57291213, RIBEE SRR BRE L, BITERNER
DIEZ RS RO Z L AHEETH 5 T & HERIIZBFT
&5,

BAEDOLZ A, 2RV VF 2V DOBRMTIER ZDH%OT.
FIZBWT, &@F 2V hh 5 Fe®Cr & LD b < PE
AL STV, 2D, FeZldULHET S
A ORA RN —EEEBA D AR OF 2 VI, F4
VRFAVAEEDA Ty b EELET 200Kk E LT
B (K727 L= F) L DHTE 2V, KIBERHD
RKEXLEEDTO Y ALMIZE B8, AFEXhz 2Ry
VFAVDIO20%EEITA TSV - Pk >TED, %
N TITEMRIAE LTH 2 — PRI AT 3,
AWIETR LB RN ARTE, 2RV Y F 2 v O8GEY
KO D700 T 0 & 25 HOBEEIZ S HETD & P~
Xh3,

1073-1273 KDOWERIZ BT, 7294 VRAF VL
2§ SUS430 7 & etk Mg rh A~ D % Ff 4 8L E (Fe, Cr, Mn,



Ni, Cu) DA H & % 5l L 72, Mg PO EILR ORI,
VA Rl R 5 I ) 23 24-96 h T Ud, Fe>Cr ~ Mn>Ni>Cu &
WS KNBRT D - 720 77, HEER A E UEBA I3
JEREMEE ZILROBENERIZHEIML 72, Mg D Fe & Cr
DOREIZ DO TUILRAFF R 24 h DIPNIZEFIZE L, ZOfd
(C'aue (Mass%) , i = Fe or Cr) &HE (T/K) OBIfRIE

108(C e ) = —3.68x10° / T +2.33(+0.02)

log(C =-437x10° /T +2.43(£0.02)

*CrinMg)
IZTRE NI, —J, WEIRMgH D Mn, Ni, Cu DRI 3R
EEBITEMUL, 96 h TIFERISEL L 572, 2D KD
BICRDOEHNZ & & 2y, SUS430 IO NEEL R TIE, TC
FHAKG & HeRT MRS DA 2K T 25588 5 iz,

Mg DO AFEYIRIE D FEERAEIZ DWW TIE, Mg-i —JtRE
SUS430 B3 2 EAF DB 1T — 4 W 723w & -
TEYMEDR NIz, 72, SUSA30H TIREE L 22Tk Mg
H10D Fe & Cr DFRIHIEEE 12D\ TIE, Mg & O KSR H
fEH TR SN TH b, hOEFILE L OO ALEH O
WHEII NSO EHEE STz, AR TR S AR, Mg
BEOVEMR - $hiERETH L L ORAMgZ Wb 74 ¥
B BT, AR O A X 2 LT 2 SR
WD,

HFF & = KR4 B T RE, (LD FERE AR, B
WA MK 0 F 2 VBB 2 M MOPE A Wz 202z,
F72, IFET 2 /) % —FHRASHE Mg FE it ok
Tl B Edz, BRI LD 27 L ZAEICEET 3
THMOPEEE & HN 72, JUNRE K18 R, &l 2R,
SR G 20 & 0 W ALRR LS IS B 3 2 B ) & oo 72,
AL CRGHH L B 5,
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