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Abstract: The experiment of electroslag remelting (ESR) was carried out

under argon atmosphere by designing magnesium-containing slag system I

and adding strong deoxidizer to the slag pool continuously, and the
possibility of increasing magnesium to electroslag ingot during ESR process
was studied in detail. Magnesium content in electroslag ingot was analyzed

by inductively coupled plasma atomic emission spectrometry (ICP-AES)

and the effect of different magnesium content on the size, type and
morphology of inclusions in electroslag ingots were analyzed in detail by (MgO) ()

ASPEX scanning electron microscopy. The research results showed that

[Mg]

when the slag contains more than 20wt% MgO, even if the metal consumable
electrode did not contain Mg, the MgO in slag pool still transferred Mg to

. .
the molten steel due to the strong reduction condition of deoxidizer. Under ®  Mg-bearing inclusions ©
laboratory conditions, the Mg content in the slag ingot reached 0.003 4wt%, : : -

0.003 9wt% and 0.004 3wt% respectively when 55wt% CaF,—15wt% AlL,Os—
10wt% CaO-20wt% MgO slag, 65wt% CaF>—10wt% Al,O3—25wt% MgO
slag and 51wt% CaF>—8wt% AL O3;—8wt% CaO-23wt% MgO-10wt% MgF, slag were used for electroslag remelting.
With the increase of Mg content in ESR ingots, the composition of inclusions in the electroslag ingot gradually changed

from Al-Ca, AI-Mn-S, Al-Mg—Mn-S to Mg-containing inclusions, and the maximum content of Mg in inclusions was
98wt%. The number of inclusions decreased greatly, and the diameter of inclusions was smaller with the increase of
Mg in the electroslag ingot. Especially, the maximum diameter of inclusions in electroslag ingots treated with Mg was
less than 10 um, and most of them were less than 5 um. Compared with the electroslag ingot containing 0.0003wt%
Mg, when the Mg content in the electroslag ingot increased to 0.003 4wt%, the number of inclusions decreased from
357 to 31 pes. The maximum diameter of inclusions decreased from 11.0 to 8.5 um, and the average diameter decreased
from 3.7 to 3.2 pm.
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B OE. @dvorSAR, IFMERBEEREERIEER, SRR T ET RA SRS, UH T R E A AR B
FIREME . F HEHR S S B TR R T R OGIE A TN B A, F ASPEX 4 BB AT T B SR T B A B R AT 2R
B BRI, SRRV, B E 20wt% MgO LRI, BIE BFERRR AN B, AR T MO [N P L6 et siie
EERMET, A 55wt% CaFa-15wt% Al203—10wt% CaO-20wt% MgO, 65wt% CaF2—10wt% Al203-25wt% MgO, 51wt% CaF2-8wt%
ALO3-8wt% CaO-23wt% MgO-10wt% MgF2 & R EIEHT, FIEEEPEEE &7 7114 0.003 4wt%, 0.003 9wt%, 0.004 3wt%. K HIALE
FREEST BN, T Z T M BL Al-Ca, Al-Mn-S, Al-Mg-Mn-S NE, HANUSEREMANTE, BaERmiE 98wt%;

FAHERIER>, BRI, BREARYANT 10 um, KRZH/NT 5 pm. 588 0.0003wt% 1 HEEEM L, &=

% 0.0034wt%I, JeZ MM 357 NEZE 31, BOKREMEAE 11.0 pm BEE 8.5 um, P ESH 3.7 um BEE 3.2 um.

FiIE): HVEEIA; B85 AR HIELE AW
FE SRS TF744 HERFRIRRD: A

1 B B

BAE NG SR IMANF, ml A IR,
REANLL AR R 2H AR SR T R4, 3B WAtk Je
AW, SR AT E SRR, RN A
Ty RAE KRS e SN % T, & 8648
SURARER S, ARG, (R TN KRR
F o ERAL, SR Mg S EHRBIK. A, B
RN 7K Pk B B A e B SR A AR A B T D

& JB Bk rU B S PR TUEIR R R R 2 T R A
DAL, 7K R S B TG AR R RO R R AR SN T2
B, S TR AR RN B AT ARG B, (AR B
FTEPEBMK. BHZESDE 120 t AEH I SRS,
PER AR EE S BN 0.001 2wt% . FRHRAIZECIZE 250 t 496
MENALEZR, NS /N T 0.001 5wt%. 7 BN
eI = H A mEY I Ni-Mg A&, 5o E
B2 0.009 1wt%, {HIEE FEMIRE™ H, IR A FE .

IRZ Ei BN, W TR, N, SiRb 4
&, MUTREALGIFIERE, WK, Ea b
&, BHRAEBRBEEE. FbeREsEHT, Bl
FAFEREIE TN B S 3 A S B
ISR 2SR RET, HEE ARt S 5 E

XEHS: 1009-606X(2020)05-0548-09

TLE, SHBEIEEXRICRMIUSRK IR K. B
A ORI, H T B i DA R AR R, R
EFEHAR o 8E, tabefiisn/s . WA BEORIFAN 5%
REREMEE, WIS R ER .
ML, aE TAEE IR 7 RE KT iE fIE s
BEMIAF T . 2R IR A IS i R 5 F Ak T 4
BEMIRAF R I s vk 50% A E o T2 202 5 R I
62%CaF,-10%A1,03-12%Ca0—-16%MgO(wt) & R 3HT
WA, NN 1.5 kg SiCa/t BA A T2 mE g % .
TR T OREVE /% HI3 A AN F AL
R, R IEE BT IE R TR R R
F DA b SCHR AT 0, VA A o R 5 A o P v
AR e, Hoom R MgO &, H
B HIE FeO, SiO; S5 fa e Mz e . 2T 0L A
P, RTAER T SBEUEMER, {EHRBRIFTRER
Inagie J5 ), MEHBETIEJFEE ) MgO, oM 1 Ik
TR AR o

2 X R

2.1 WM EERIKT
SE6 H B AR Q345D INA () %), HAEH
P BRI RIS, A WA 1. FEF MR
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[11-13]% 1T T B EISH S MgO R ILE 2, ERM
BES N ali. T BFEHARA B8, a1 MgO
Rl S 3 NANR, 75 T AN N R 4R S AR
TN 1.0 kg/t BHERREAN 1.0 kg/t 80Fs + 2 A s, Eiaa
FEIESINAEVETH o No.5 R MgO &I E . CaF,
BAK, SEUPBRE S AR E RS BRI EATE, K
HAEFHF A 10wt% MgF».

x1 BREBRHAS

Table 1 Composition of consumable electrode

Element C Si Mn S Al T.O N

Content/wt%  0.16 035 146 0.0066 0.020 0.0035 0.0063

Note: T.O was total oxygen.

*2 BEERRIEAR

Table 2  Slag systems for electroslag remelting

Slag component/wt%

Slag system
CaF, AlLO4 CaO MgO MgF,
No.1 65 30 - 5 -
No.2 55 25 10 10 -
No.3 55 15 10 20 -
No.4 65 10 - 25 -
No.5 51 8 8 23 10

22 LWFESITE

S0 TRE%  BRAH R AR ] 2 SRR FRVE AR A
BHEARAE 100kVA, ROKHIR 2500 Ao 4588 BT 80
mm, & 250mm; HFERRER 40mm. 56
B — AN ANHE TR, BRI
= B

IR (1) HISHES: BEISH0R SR B FE K
RIMP\ B, RiJesw, FARMANDE W $TIF
AEHIK, 03MPa; AR S(ME 0.4 L/min). (2) HE
JE3: SRR O IE SN, R 1 B RIBA T A
SRR, ONEERE R SR AL . 1650 “C IR GE L
HEIAGE s, HFEHRR TR, JISFG. 3) EW
HAS: AR T ESHUE MNP A OR),
1 min JIA—IK. (4) FEIFLEH: A EIFEELTUE = BT
WrH, Y E TE A S .

HIFTERG, EHBEELET 20 mm FNHUFEHTEE

. TR B BRI, H Plasmal000 HiEHE &%
B ARJE T R S EIEAL(ICP-AES,  H 4R HF 44 7o) # il,
[ B 26 X6 A BB il BB A SRR b G AF AR . SRR B
& Smm, K 10 mm, FRHAGEFF /5 FH ONH2000 %A
AP EE ELTRA AFNKIAHT. briE A
15 mmx15 mmx15 mm, X FLATEE. Jeib¥ )5, H
ASPEX 3 8535 [E FEI 2 &) % 1% 52 [ A2(40 mm?) 4
(e e Mgt AT R G P K 3.5 pm), SITAFEIR
R | PR [ i e AR e i L R S e BT
WA LI, BAERE AP KT, RN
FitJe iy, RWHERNT 3.5 um, HHHRTR R IR0
A ZREUOT) R T AR AL I A L FERG I3

3 EREW®

3.1 BRI HEL

HaL A S A SE TP B S E AR A 1 BR. A
B 1 A&, H Nol MAHEEEEE, HlfehEEs
HUCN 0.0003wt%; TMRA No.2 BRESE, S&E
BN 0.0008wt%. (HEEHEE R H MgO &&=, H
RS EORIENE I, fsik 0.0043wt%. R H
& 20wt% MgO LA BB, R BB A& 8E, R
it MgO 4N i B, A H i B A R m]
P EE v R EE . R 3 NI FAA SE UG H T B
A 22 B

0.005
0.004 -
= L
3
g 0.003 -
g L
3
g 0.002 -
= L
0.001
0.000 vz,
No.1 No.2 No.3 No.4 No.5
Slag system
K1 AR A SE B B AR il
Fig.1 Change of Mg contents in different electroslag ingots

®3 TRBERMLERD

Table 3 Chemical composition of different electroslag ingots

Electroslag Content/wt%
ingot Mn Al Ce La Re(Ce+La) Ca S T.0 N
No.1 1.47 0.082 0.0026 0.0015 0.0041 0.0003 0.0038 0.0025 0.0067
No.2 1.48 0.110 0.0031 0.0021 0.0052 0.0009 0.0010 0.0025 0.0056
No.3 1.46 0.079 0.0030 0.0027 0.0057 0.0007 0.0010 0.0023 0.0068
No.4 1.46 0.100 0.0062 0.0034 0.0096 0.0004 0.0010 0.0021 0.0061
No.5 1.45 0.039 0.0035 0.0034 0.0069 0.0007 0.0010 0.0027 0.0063
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B 1 MR 3R, KAAFRERBEEEE, O,
N CESELHAKR, (AT HmE, |
BRI S . rAi. Nk, SR ASPEX 4T
T BB IR ST A S R AR
3.2.1 No.1 & R EIE 5 I =B

No.1 i REIF )G, B I I F B Al-Ca I
A%+ Mn-S JZ%. Al-Mn-S 7%, Al-Mg-Mn-S 37 Fl
Al-Ca-Mn-S ¥4, &b EHERIY) . NFEFIHEI
VAL HRRCEEI S R IR 4. R, 1 AL
Mg-Mn-S #4508 Mg ok, X 5HEE+ Mg 7o
REEMDA K BT REMHBRAR, FBEHEIA
A, WP 2. ATAlL, Al-Ca RIWLIERIE A E, IREEH;

o ~ ©

Mn-S # Al-Mn-S SR E AR5, AR, Al-Mn—
S % B IR 1 S e A0 P (L R TR S A AL R A=
Mg-Mn-S J= 258k, Zifh bk Mn-S F1 Al-Mn-S %
Feir, HRSFEUN; Al-Ca-Mn-S Je & TSR 2 2107 .

4 No.l HEHERTEIRAMILLAR
Table 4 Chemical composition of different inclusions in No.1
electroslag ingot

Chemical composition/wt%

Inclusion
Al Ca Mg Mn S
Al-Ca 56.5 314 - 53 4.1
Mn-S - - - 33.8 64.9
Al-Mn-S 30.1 - - 45.7 21.4
Al-Mg-Mn-S 75.5 - 3.6 15.0 32
Al-Ca-Mn-S 41.2 223 - 18.3 12.5

(a) Al-Ca inclusion

t-d o -

N

(b) Mn-S inclusion

s - 9

< .."r b

(¢) AI-Mn-S inclusion

\ - \

(d) AI-Mg-Mn-S inclusion

. . <

- e -

(e) Al-Ca—Mn-S inclusion

B2 No.l HLEEE T RIS

Fig.2 Morphologies of inclusions in No.1 electroslag ingot
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3(a) N No.l R ESE G ARSI &
KoFYIEAA. WERTIL, Al-Mn-S F1 Al-Mg-Mn-S %
KB IR, 3N 124 1103 4, kede i
) 65%LL E. Mn—S e+ F ¥ EAAR K, N 4.61 pm. E

120 F (a) . 7

100 - / %
[ O -4

80 - %

60 - 1

40 b %/D 73

0 2

Al-Ca Mn-S  Al-Mn-S Al-Mg-Mn-S Al-Ca-Mn-S

Number of inclusion
Average diameter of inclusion/um

Inclusion

3OYNAFREIEZE D AT WEETRL, AR ARk
a0, PR ERKEHS SN T 10 pm, HERDNT S
um fR M) b 22 K

90 - (® 7z 7 Diameter/um
V) 0~5
B 5~10
I 10-20
60 -

Number of inclusion

i 1

Al-Ca Mn-S

n L.

Al-Mn-S  Al-Mg-Mn-S Al-Ca-Mn-S

Inclusion

K3 No.l REGEH AR AYEE . T ERKERD A

Fig.3 Numbers, average diameters and diameter distributions of inclusions in No.1 electroslag ingot

3.2.2 No.2 & R HIE 5 =84k,

KFH No.2 ¥ REME 5, HIEEE I 2l Al-
Mg-Mn-S 1 Al-Mg-Ca KW, W3k 5 fros. 5
No.1 #ERAHLL, RPN, KWt Mg & &1
SN EIZ R Mn, S JCE S EKNIEFE, Mn-S
KA R, TR TN Mg & &80, mEEnriE
JRLAR R -

ANF A SN 4 B, HE 4)n & H,
5 No.1 # &1 Al-Mg-Mn-S J& %[ & 2(d)]MHEE, 24 Al-
Mg-Mn-S JeZWh Mg & &34 e, HESEAK,
BIRAATM P SR 26, 8 RSBV HAK S8t AR
/No T Al-Mg—Ca W) Ca & &R m N, BIfE Mg &

s - ..

S No2 BEFEPAERAMPUFER
Table 5 Chemical composition of different inclusions in No.2
electroslag ingot

Chemical composition/wt%

Inclusion
Al Ca Mg Mn S
Al-Mg—Mn-S 48.5 - 20.9 14.4 12.2
Al-Mg—Ca 444 28.8 13.7 4.86 6.82

BEGE, DRI RERR, SR, BRSFECR,
W 4(b)FTs.

RGN 88it, Al-Mg-Mn-S 244354 193
A, HA T AR EAN 101 pm, HR Iy
/N 10 pum.

F + x

(a) Al-Mg—Mn-S inclusion

= - ~

> o ©O

(b) Al-Mg—Ca inclusion

Bl 4 No.2 HL#EEE T IS

Fig.4 Morphologies of inclusions in No.2 electroslag ingot
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3.2.3 No.3 & RENE 5 I =24k

KM No3 #RFEMEG, KB EH B,
314y, Hr 28 M irh & Mg iR, HEERS.
Kl 5 0 28 NI Mg SRR . BRI,
H17 NI Mg SRR T S0wt%, BT i)
P Mg SN Siwt%. 5 No.2 MERMLL, I+
Mg EEMIN—MFL L, ShEiedt Mg & &8 nE 5.
F No2 e REME )G, HEEE+H Mg & &1X 0.000 8wt%,
M No.3 R EM)G, Mg SN 0.0034wt%, A HIH
BEEH Mg &SI S B A A B A B AR A

RAEXT 31 NREMR TSGR, B ZaME
BN T 10 um, HA 6 ANFEYINLT 5~10 pm (8], H
EREDNT 5 um, RAFIFEDEALH 8.5 pm, K
PP EAR 3.2 pme R ATESIE 6 Fr

- 4 v

o HIERIAL  HAESTNA R R S Bk 264

Al AR T
) I k

20 [

Mg content/wt%

0 3 6 9 12 15 18 21 24 27 30
Inclusion number
K5 No.3 HLEGE T RAYIT IS B0

Fig.5 Distribution of Mg contents in inclusions in No.3
electroslag ingot

S : .

K6 No.3 rLiEH LI M3
Fig.6 Morphologies of typical inclusions in No.3 electroslag ingot

3.2.4 No.4 1 R LI Jn A AR

KM No4 EREG A, FAEMBEEEZ 1941, H
oIt Mg & =V, Je AW 3 ZAH RN
R 6 fim. HIRATA, REDPH Mg & BRI
82.6wt%.

A SIRMIRITESNE 7 Fros . WL, BEJe 2N

Yih Mg & &30, JeZPK g Lhiskoy, B ARz AR
RASTRI 2 A SR ERIR . GEiE & B 19 A4,
5 ANRIMEARLE 5~10 um [7], HARBMEZLNT S
um, ERRZYIERN 82 um, KM EE N 4.6
um, FHH 8 MY Mg FE T 50wt%.

F6 Nod BEBEREPIRFAERAMEIUFHR

Table 6 Chemical composition of different inclusions in No.4 electroslag ingot

Chemical composition/wt%

Inclusion number

Chemical composition/wt%

Inclusion number

Al Mg Ca Mn S Al Mg Ca Mn S
1 3.2 50.2 - 40 4 11 6.1 25.8 59.4 2.4 6.4
2 15.4 - 16.3 352 10.5 12 5.6 - 41.5 7.0 33.6
3 1.1 82.2 12.3 - 1.7 13 6.3 67.1 17.8 - 6.5
4 19.5 - 20.4 314 9.1 14 - - 51.1 7.9 35.6
5 4.1 71.2 17.7 1.3 5.7 15 5 - 70.6 5.3 -
6 - 64.6 26.2 - 9.1 16 5.5 59.4 - 28.5 -
7 - - 91.3 8.7 - 17 - 82.6 7.3 - 6.2
8 23 48.3 - 26 1.6 18 7.9 59.7 29.8 - 1.2
9 11.6 - 18.2 44.6 11.5 19 87.8 - - 8.7 -
10 2.9 46.9 — 39.5 3
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. -

15 17 18

- - .

K7 No.4 HLGE S SR IRITES
Fig.7 Morphologies of typical inclusions in No.4 electroslag ingot

3.2.5 No.5 i REMG 5 KA1

KH No.S B REMA G, HIBEEHILIRATE 64 NIedk
W, o Mg Je24 60 4, H Mg Sk & bRtk
2k, RFhIEE D BN AL S, Mn fil Ca 5. K 8K
64 NIFMh Mg S BRI a4 . WREEH, &8
) 60 A2 P, Mg & & T 60wt%A 50 1>,
B S EEs 76.9wt%, ik 98wt%, FIITMA N2
af MgO. X5 HEEE Mg & &N, KA No.5 #&
REMEHERET Mg & &M, £ 0.0043wt%.

RSS9 B, MAFRTR B, Mg
TREEN, TR BREO, R, H
MR HOR . Seit 64 A Wi R~ ml Al
AP EAEN 5~10 pm AL 2 A, HARB/AT 5 pm.
RORRMEZN 8.0 um, IR TR 2.6 um.

81wt% Mg 84wt% Mg 93wt% Mg

A & ®

94wt% Mg

100 ——g

ol o M =R Y -
8&\-—.-J |\ ﬁ;'.'.?
oL / A

[ \

g !
g e[|l " b

5§ 5ol

2 I

S 40

S I

s 30

20 F
10
07‘\‘\‘\“\m‘m\:.\m‘mmm

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Inclusion number

K8 No.5 FLIAGEH S AW 85 oA
Fig.8 Distribution of Mg contents in inclusions in No.5
electroslag ingot

95wt% Mg 98wt% Mg

’ . .

K9 No.5 HLHEH SRS
Fig.9 Morphologies of typical inclusions in No.5 electroslag ingot

3.2.6 AN[EE 2 HEAE 5 I AP 5B LLE

iE— 30 o WA TR R0 I H W o A R RE A, B
TNEE R EAS G A SE O R Y B BRI A
R, e 10 fos. HEW, SRAAFERE RE
WaE, HTRBEME N, SEHE. sHKER
KA. JoHFEH No.3, No.4 Al No.5 i REMEG, H
BEEH Mg SE3EN, BT Mg &REIRy, k
AR RIE S, BARPEC. F No.l W R HAAN, o
HEEd Mg & B%/(0.0003wt%), 3t 357 ANJeded, &
KIEEWEE 11.0 um, “FYJELE 3.7 um; 11 H No.3 ¥
REWIE, WP 31 A4y, HKHEAE 8.5 pm, F
BIEAE 3.2 ume WL B HTE H, RN & BRI,
eSS, Sl . RAFIE, AT RE =
T Mg FRPERE, PRI R .

CLEIM ], SRS ARG AR i L, AT (e it
B EE Mg e ERMK LS Mg; TR+ Mg
RN, ARTRRE Mg BRI, R
HOEFEAR. AR, AR TS s .

3.2.7 W HEE IR MgO iR K # ) 5 4 it

FLE F AR R B BT 2 T LA B, S bl T AL AR
IO LRSS B 155 S ) MO R AEIE TR M,
SR 58 38 A2 B30 SR fe s I8 IR T A0 it — 289y
B L A RE G BRI A, IR Eor Al T MgO
oL I i) AT BEVE -

B FIE RIS, B aEm T e
R AR SO :

2[Al[+3[0]=AL0s AG*=-1202575+386.37T (1)
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400 g 300
350 L - - (a) ] 16 g L Z (b)
- L —0— Average 114 g o 2501+ 1ameter/um
§ 300 - . . I 2 — ] 0~5
Z I —"— Maximum |, £ v R 5~10
g 250 g N ] 2 £ I Bl 020
— F - B 8 Gy
5 200 - 10 % S 150
8 [ — g s 3 ;g ) L
E 1507 g E 100 -
Z 100 b 16 £ I
L 1 > L
a1 ] L
L - =} [
0 7 7 ) E 0 Dews T
No.l No.2 No.3 No4 No.5 g No.1 No.2 No.3 No4  Nos

Electroslag ingot

Electroslag ingot

K10 AR R BEEREN

Fig.10 Numbers, diameters and diameter distributions of different inclusions in different electroslag ingots

[Mg]+[O]=MgO AG°=-731400+239.68T  (2)
(1)—(2)x3 15
2[AI[+3MgO=3[Mg[+ALOs AG®=991625-332.67T (3)
FEEVELIECHE

3
AG=AG"+RTInK = 991625 —332.67T+RTIn "M 220 (4

3
aal - Aygo

R, T HRMNMIEEK), R=8.314 J/(mol-K), FAHS 4
WL K ONPEEEL AG RN IS bRA R A i E
1 A& (J/mol), AG®Jy J B b vk 2B B 35 A 17 B EH B
(J/mol), a JHLHTCINEE -

MRAE (), BTt AN R TG K Mg,
AL PG RE . ARAESCHR(18], B il B il %4 7
FHER 51 8RR TR TS, 774 Raoult €1, CaF, fl MgF,
N, ASE R HE BB R R R 2
BB T O 4h, R EMERIET, W Siof 5.
FRAE DA B8, PSR 2 AL RS R A T
FE, W& 7.

®7 TREBERETHIEE

Table 7 Activities of different electroslag ingot components

Activity
Electroslag ingot

Ca0 Al O3 MgO
No.1 - 0.680 0.175
No.3 0.195 0.284 0.272
No.3 0.184 0.091 0.514
No.4 - 0.057 0.761
No.5 0.164 0.034 0.658

S BT Al fl Mg & B8, Bk IEEi
PEFHE &S HE R EE RES GRS
H Mg &, Al SERNEMNIMA RS BB Al
TR ARG ALMANEN 1 kg/t B9, PRI AL BE
AL S BN 0.12wt% (A% FRER B .

A (4, T HARFEE R T AL-MgO &V #
il E HEEAG (1B 15 HL I B J v (1) 5 % 1800 °C)
w11 foR. WNERTEH, HFE R T RMPIAG ¥R
T 0, BPEESERE I BB A e i TR 1) MgO 18 )5 .
BT s A R AR A, N T . AR E SOk
[19], AR PIBEE BN 4.5<10714, -4,
AU AR B4 N 9.35%10°2, 4610718, R AP H
HEREGRinE TS, B4 B TERFASH L
A, MG B HTRR LR R MgO 8 58 4] LA
KA

FRAE DL o3 #r B S ie 25 5, mTA Ay L i A A I
ARG HIEJE T it i) MgO, R T H s S EE .

80000

70000

60000

u I/
50000 -

40000 | ./

30000 L | L | L
No.1 No.2 No.3 No.4 No.5

Gibbs free energy, AG/(J/mol)

Electroslag ingot

B 11 AL A-MgO N Al H 1 RE
Fig.11 Gibbs free energies of AI-MgO reactions of different
electroslag ingots

4 4

I I i R EE A S, BRSO E A AR AN
WAL AT REVE, FHEUHE T 0 e e M fem e, 153
DL

(1) KA 20wt% MgO VL LR REEFEE,
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i 20 %

ISINIE 2 e e, AE BFEHARAN S Mg I, AT
H1) MgO AR A% Mg.

(2) BEHASET Mg SN, JeAMH BUZ T
P Al-Ca, AI-Mn-S, Al-Mg-Mn-S A, 45 A LI & Mg
FRMIANTE, Mg SRR A 98wt%: HESEH Mg &
G, AR B KRR . EARR D .

(3) 5EHE 0.0003wt%M HESEA L, S EEE
0.0034wt%I}, JeZeMM 357 NEZE 314, kI
BEAAH 11.0 pm (£ 8.5 ym, “FHEAH 3.7 um [FE
3.2 pm
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