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Abstract: In this paper, the effects of two types of electroslag remelting slag systems on the content of the quantity, size,
and distribution of inclusions in C-HRA-3 heat-resistant alloy electroslag ingots was investigated by using a 10 kg level pro-
tective atmosphere electroslag remelting furnace. The results show that the liquidus temperature of 60% Cak,-20% Al,0,-
10% Ca0-10% MgO based slag system is 1417 °C, the liquidus temperature of new type 50.4% CaF,-26. 1% Al,0,-
19. 5% Ca0-4% MgO based slag system is 1 324 °C and the new type slag system has a narrow temperature range between
solidus and liquidus, and the resistivity of liquid slag is high, which can ensure the high melting rate and stable smelting
of C-HRA-3 alloy electroslag remelting. The inclusions in the electroslag ingots produced by two slag systems mainly in-
clude oxides, carbonitrides, and sulfides. The number of inclusions at the edge of the electroslag ingots is similar to that of
the consumable electrode, and the number of inclusions from the edge to the center of the electroslags shows a gradually de-
creasing trend. Moreover the average size of oxide inclusions in electroslag ingots smelted with two slag systems is respec-
tively 3. 019 pm and 2. 341 wm. Along different radial positions of the new type slag system smelting electroslag ingot, the
proportion of oxide inclusions with size > 3 pm is smaller, which has a more significant removal effect on large-sized oxide
inclusions in C-HRA-3 alloy.
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Table 1 The chemical composition of C-HRA-3 alloy electrode %o
C Si Mn P S Cr Co Mo Fe
0.05 0.041 0.001 3 0.001 0.000 6 22.08 12.01 8.74 0.1
Al Ti B Nb W Zr (0] N Ni
0.98 0.420 0.0050 0.048 0.66 0.02 0.000 7 0.001 7 Bal.
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Table 3 Average diameter of oxide and carbonitride inclu-

sions in the electrode and electroslag ingots

SR G %&n%/ ﬁi‘fz%ﬁz%/ Eﬁfﬂfn%/
05 HFEHLIK 3.138 1.685 1.931
1SR (62111 R) 3.019 1.744 1.989
2S5 L BE TR R ) 2.341 1.644 1.775

AR EEEAE 15 H i B T S e 4 i ROSH g R
THM . XTI 24 B Bl 2 B 25 A b S L i g
AN TR B 1 S AR ) e 2 A2 AN TR RS SE Bl g o L
PTG, SRR 7 R . 15 H i L
Z2YITE 1 ~ 5 pom 2 IRSTER R E i B A1 )N Y AR £k
Fa R RSHE S wm DL_EAY e Ze W Bt KT 4 ~
5 wm (R4, 1 2 5 B s B H AN R A AR Ak e
Z= 10 B0 7 L B e 24 i ROSE 3G R e, HOR
>3 pum e e SR T 15 H
HEE

3 #ig

(1) # H T 60%CaF,-20%A1,0,-10%CaO-
10%MgO # % , #t #l 50.4%CaF,-26.1%Al,0,-
19.5%Ca0-4%MgO )AL IR AL, A 1324 °C,
HIE AH 26 5 W AH S 0 BE X Ta) /)y W BH 3, T
PR FE C-HRA-3 & & il B 09 @ 18 o 2
67 o

(2) WA RS RIGHT) C-HRA-3 5 4 HL
BE NGB ISR S A FE R AR T, 7E P A
T FR G ) B ] — e B DI B s | e
Vg 1 2 R B R

(3) % 60%CaF,-20%A1,0,-10%Ca0-10%MgO
R M H B 50.4%CaF,-26.1%A1,0,-19.5%Ca0-
4%MgO 16 1Y LB BE T, S AR I 2 1P Y RT3
S8 3.019 wm F12.341 pm, HL 8 £E 42 16 A [6] 47 &
Ak TR FR A R BE T R >3 um YR e
ZW R 5 O /N 4 C-HRA-3 A 4 RRH4E Ak
Y 2 HAT o I 3 ) BRI

50 60
(a) (b)
P I
40F 50
< 0} 7
® ® 7
;3 301 g
E T“EE 301
20t
# & 2l
10f 10}
0 _é Y 4 Al 0 _/__//4 d |
1-2 >2~3 >3~4 >4~5 >5 >2~3 >3~4 >4~5 >5
S EEYFHER pm S IERYTFHER pm
E7  HLgE TS A RGT S e 2280 S L - (a) 15 HESE, (b) 25 i B

Fig. 7 Proportion of oxide inclusions of different sizes in the two electroslag ingots: (a) 1*electroslag ingot , (b) 2% electroslag ingot

5% ik

(U] ff 42 B, 098,45 BRI A L AR R[], feIR
SR, 2019, 41(6): 77-81.

(2] J0 8,8 52, fafsr i . A S A P P A o 1) F o TR
RIT]. HBR5RAT, 2016, 37(1): 17-21.

[3] BRIESS, XUIEA ,3E BR, %5 . C-HRA-3 TR A 4 850 CHRe A
e A EURHIE[T]. )@ #AUb T . 2020, 45(1): 135-139.

(4] BRIES, XIEZR AR 45 . C-HRA-3 it 44 42 4 S ok
K Ji2)]. k. 2017, 52(7): 64-67.

[5] XUIEZR, BRIESS T PEF0, 45 . 630 ~ 700 “ClHR I FLAIR I H ol Tt
P R LHE AV ELT]. 4@, 2020, 56(4): 539-548.

(6] Bismdre, T &, ot 5. Myl s T 2% GHA169 Bisi 1
ML) ], BT 244k, 2012, 24(12): 11-16.

(7] XU, o G, 22 R A, 4. Sl b i v S TP 4
W RpRLT]. P ERG 42,2010, 20(5): 5-8.
[8] #iddde , xate  Bha, 5 . A TEIE XT FeCrAl R RN e 2%
YIRS LT ). SRERIFFE 2441, 2015, 27(10) : 19-25.
[9] Blrhde 5 B, EAME, 5 . R4 S0 B X DZ2 5 d E
SA IR I ZR R R ) ). RRERAN . 2023, 44(1): 19-24.
(1014 W, TH%,2E OR%. BIEEEASNEGT 2R
JELT]. F53RE, 2023, 44(3): 1-9.

(1] fraehs | xgEmE | sk f, 5% . GH3128 & 4 “VIM+ESR” il
“NVIM+ESR” 1 Frid B2 (B SAT g Je e e ko [T, 5ok
£, 2020, 41(6): 15-19.

[12]z= BBk 2, 2846 5% . il i iR e &l R a4



- 82 - Y5 IREN

544 5

SN[ ]. BIEk,2015, 50(9): 41-46.

[13] Duan S C, Shi X, Zhang M C, et al. Effect of Slag Composition
on the Deoxidation and Desulfurization of Inconel 718 Superalloy
by ESR Type Slag Without Deoxidizer Addition[J]. Metallurgical
and Materials Transactions B, 2020, 51(1): 353-364.

[14] AR, TA0E&, B0, 5. GH2132 5 G 2 il e EA T.2
BT, RER L 2022, 43(3):43-46.

[15] Radwitz S, Scholz H, Friedrich B, et al. Process and Refining
Characteristics of ESR using MgO containing Slag Systems [C ].
Leoben: International Symposium on Liquid Metal Processing and
Casting, 2015.

[16] f i . BT LTI i v i e ) GH3128 A1 GH2132 45 G A RIFSY
[J]. FHRHEAR, 2014, 20(1): 50-52.

[17] &5k U, 2508, 45 . Wi S i A% GCrl 5 Bl 7R A T
HHEERISENA LT ] RRIRE, 2022, 43(6): 34-37.

[18] #hlEE 4 55,200 €, 5% . — B THIETEIF C-HRA3 &
<2 19 FLIBE B I AR M HC T D7 3 2023105851254 [P . 2023~
5-23.

[19] 3k S, D304y, fk:28 4 . Ti0,-Ti,0,-FeO =0k R i

PER L] R EA AR 4R, 2018, 28(9) : 1876~
1882.

[20] Z=1EHF . HUHIA S i e S 2Rk (M), JUaT . 4 Tl i
#£,2010: 46-47.

[20] BEEERt 4 M. o I O 0 0 A 2 R N P 33 SO B
[M]. BLFA: ZRAbIR: R, 1989 84-88.

[22] #H ML, 22 A4 22400 . BB IA G & UE R B SRRy
B MESR AR 2012, 11(4): 274-277.

(23] Z=IEHE, SR GEEE , ARl . H i T A T AR G e A ) B
AR ] RISk . 1997, 9(2): 7-12.

[24] 7. Wit A b S e e LR ML R BT [T ], 4
JE2#4R. 1979, 15(4): 526-530.

[25] 8 &1,3X0 57 AR, 45 . R S AR GHA169G & 42
HL I GE 412U R e W S e [T ], AERHUR ST A= 4. 2022, 36
(11): 811-820.

[26] Wang Q, Wang R T, He Z, et al. Numerical analysis of inclusion
motion behavior in electroslag remelting process [J]. Interna-
tional Journal of Heat and Mass Transfer, 2018, 125: 1333-
1344.

& SCE& SCEEC &< &< SRS SS<

TV BB AR

g o AS S B ORS ER A B AR

AR AL B SR S AT

K FINECEBREN) Mk Br e T Wk i 75 BF
CREER A I P R o (5 2 5 e S A B A BN B) 245 L KB R IR N B | £ 70, i CREBR 9 ) g i
TR T A FERR R A T 0 44 1 25 A PERNE R OBUA 1)) s CREER )01 I F 1980 4- A1 I & 47, [l P
FRyfE TS ISSN1003-8620, [ N 4t — T 5 Ky CN42-1243/TF . Rk ANV TR 5 5 - M B b 2 P &,

2 0B 70 b WL R 4% A e R B CRE IR A ) 301 TR B9 10 T, g i 47 38 TR R 7 8 R R A L1

(—) www.specialsteeljournal.com R CERRR AN Y B T g ME— P, 45225 BB ICP 45 2022000839 5, 3
KAEE B IA HE AT B T 38 S 0 T a5 A

(=) BREEE 707 M Gl R AT SZACE VR, BB A S HIAL R AT AL AL GAL B 5
S ERAL AL MBI LA AL, AR 0 2l 585 R 28 A G R R AL, O AU <R O A 28 1) T i e el 32, 7
PR IF RIS ST T RAERE B S R B TE R EN T 32 5 , e IR B — DI e RS 2R
A G AN AR AR AT AR 22 T ANE R DA, 5 W) I AL S8 il ) AR G B AR R A T 28 A DGR AR R

(=) RS 015 T 2023 4 11 7 30 H AT AR5 CRRER I TIARSC Y N 25805 | 36 T3 A7 e 5
Bl 5 AL 44 B R B B AR G R O B E— 20 e o 28T TR S A T Bt A T AL, A6 B

n
n
n
n
n
n
n
n
n
n
=1

CRPR A ) 2 750




