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Exploration of Metallurgical Quality Test for C-HRA-3 Nickel Base Alloy

Ingot Smelted by Two Slag System Through Electroslag Remelting

Li Longfei Lin Tengchang Zhang Xidong
(Department of Metallurgical Technology Research, Central Iron and Steel Research Institute,
Beijing, 100081, China)

Abstract: In this paper, the difference in metallurgical quality of C-HRA-3 alloy smelting using two kinds of slag
system was investigated by a 10 kg electroslag remelting furnace. The results show that the alloy electroslag ingot
smelting by a new-type 50.4% CaF2-26.1% Al1203-19.5% Ca0-3% MgO basic slag system has better surface quality,
where there are fewer pits and thier depth is shallower, compared to 60% CaF2-20% A1203-10% Ca0-10% MgO
basic slag system. The columnar crystal growth direction of the electroslag ingot, smelting by new-type slag system,
has a smaller angle with the centerline, and the depth of the molten pool is greater. The content of Al, Ti, Zr, Si, and
B at various positions of two electroslag ingots smelting with the same proportion of TiO2 and ZrO2 components can
be controlled within the target content range of C-HRA-3 alloy. There are fewer inclusions in the electroslag ingot
smelting by new-type slag system, and the proportion of oxide inclusions at four different ingot heights is lower. The
number of inclusions formed in the liquid phase is very small, and they are mainly the inclusions inside the original
electrode.
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61, LV BBV R 8 B A RHINE B T 1T B FLR BE RNV 0 FE AL, HL U B R IR R A G
HEB W BB T G R o w8 H] . JRMA R ERR RS BN @R Wb K e RS &
AR R IT R IT IS T RS T TAE AN T B R A B 55 N4 ] CAF60 i %2 (60%CaF2-20%A1,0;-
20%Ca0) W7 7 HLA B 5 T 20 B i & 4 GH4169 i SUR I . 28 KANF AR b s g O R T
ATV 22 50%CaF2-22%A1,03-20%Ca0-5%MgO0-3%TiO, X454 & 4 GH3128 HHEE R i &= S Feic
RO R . RACKSZ B S NIRRT FUE 20 sl & S &R E T, 3Bk m R 2 &
IR 4 vV AT R N 65%~70%CaF2-12%~15%A1,03-12%~15%Ca0-3%~8%Mg0-2%~5%TiO, [ %,
HIERARER R SR A S B EIRE R NIER 60%~65%CaF)-15%~20%A1,03-15%~20%Ca0-0%~5%MgO-
0%~2%TiO, ¥ & . (B2, C-HRA-3 Gy — P BB TN #v G , oof FL A v BRI o IV R I A L 4D
i A7 4

BRI, ASTEBMRAE AL Rl b . ARV B3Nt R4t 75T B FIA 10 kg 200
G T AAEIE 24 C-HRA-3 B G & ESER M & INEHZ, ST RIEH ok
FBE FGHRIEZE S, D Tl g IR IR A C-HRA-3 & & 3L LR AR I .

2 SERAMRIAEER

FIF HAT B ZS BB VAR 152 20 kg 1) C-HRA-3 &4 %E, HASWa R 1 PR, HBErfemTE
NRIEREAN 40 mm, REDGEHEM, FHW AU SR EZ) 10 kg (B EFHER. ZHN
1279 & 80 mm 7K VA 45 A A1 S0 = /N e FA b BT IR R SESS, BT I ANE R IR 2 B
Hb, 1#B 2 NLL 6211 ¥ R ONFERMNE R I0/5 70, 2HE R NS 6 C-HRA-3 A&WMEHF A IE R FactSage
ARV OB B R[] BIRNE RIGIESEICHT B RN 1 kg, FETIRHRRTH 2 HT i Be HvE 57,
£ 1600° C {3 20 min FkE, mERASEEEIMANBELN, FHFEEFINN 40 g k. 1ERIGR, 255
RN RSB NGRS T AE RPIMEARE, BEE R RS EA A, b 18 RGN R
928V, HIN 1300~1500 A, FAIELE 0.42~0.52 kg/min G U5, 1M 2408 RGN RN 34V, HR
9 1400~1500 A, HHEAE 0.52~0.62 kg/min 36 P 350 .

FEST BT 8 B BE VR G I, WL E% FRVE BE SR T R S P WUER D B B R v i )R, SR FH RV VAR Tk e
EEEEITH, TR HLURAE, 2 Rx] B EEEE R 1/4 825 1/2 56 5 3/4 ¢ 5 I B NGBR3 BT Al
Tiv Zr. B. Si 5% MRS E, AU, thot, fEREE 4 MFEEEMER 1/2 42400
8x8x4 mm?® M EARFE M, W 1 Fizr, 204 L BEAS 7] 5 BE AL e s M B s RS 3 AR REAE 95 Fa s Bl
28 SR AT R EL A BT

# 1 C-HRA-3 & & MR (wt.%)
Table 1 The chemical composition of C-HRA-3 alloy electrode (wt. %)

C Si Mn P S Cr Co Mo Fe
0.0077 0.041 0.0013 0.001 0.0006 22.08 12.01 8.74 —
Al Ti B Nb W Zr o N Ni
0.98 0.42 0.005 0.048 0.66 E— 0.0007 0.0017 Bal.

2 PR E A A R (%)

Table2 The chemical composition of two slag systems for electroslag remelting (%)

BT CaF> ALO3 CaO MgO TiO2 V4(0)}
1# 594 19.8 9.9 9.9 0.5 0.5
24 50.4 26.1 19.5 3 0.5 0.5
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Fig. 1 Schematic diagram of locations for metallographic samples in the longitudinal section of electroslag ingots

3 HR557Hh:

3.1 HBERAKE

Bl 2 ARSI Ri6 5 C-HRA-3 &4 LA SER T K IR, fEH P & BENLEH 20 NE R,
PR AT, PSR 1HE RIGHE PR RN 0.56 mm, 2481 B0E RIGHE KPR 0.42
mm. AHEC TR AL 280 R, 1#E R A IR A B R FETE K. B 3 RS R4 C-HRA-3 &4 HA
BERMLIMEF, IWEF AT CUE H, PIFE KRG C-HRA-3 & &5 R M IAAEA M 2 Am M MT, H
L RGP A B R I M TS )™ 8. IX SR, PNE RIEB RN AL — e, G e8HE
Ab T TR A

NS 7 B P RN R TR B P S A FE A0 AT, T H Sl BN, H BRI IR, MO R #E D,
EIRERIG, ST IHE RO C-HRA-3 G &K JERR, RN FEU 45 a8 1A & B RR BRI R
Uf, Gyt pit RS 4 2% N BE A 4 72, B SR A B B, B R R B SR T )
bt, DA 1A SR HR I A B2 R T IS B

1# ‘ 0 28

B2 Wl R A R e R T
Fig. 2 The morphology of slag skin after smelting by two slag systems
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P 3 R ARG MR F A B R T3
Fig. 3 Surface morphology of two slag systems for smelting electroslag ingots

3.2 FEEERAHALNHE

XF PRI AR HRA C-HRA-3 &g e AT, I FH R R 4+ B R+ stk B VO 0 TR A B, SRS
RAEALZIES, WA 4 . MREALRSR P LUE H, ARG RI R bR i iE, — ik
BRI 0.5 o 1HE R BRI 0L #R,  TOZ PTIIFERR S 5 17 K B 2 R, 243 T
FHESEREM O PR S AE BB T NG . BT 268 RO R B8 B T s, SR & B
RIS T e A TN

BEAN, B 4 BT LU Y, 2# P BE A B m R A, HEWTE IR L) 28.3 mm, $EEARZ) 73.3
mm, P HAEZ) 38.6%. 1#HIESEE M im ikt B SRR BEA B . AL G IEU 1 248 R B 1#RA
FHAELFREE.

(a)

(b)

2em
Bl 4 PIiE R B AE AU (a) 1HER; (b)2#HER
Fig. 4 Macroscopic structure morphology of two slag systems for smelting electroslag ingots: (a) Slag 1#; (b) Slag 2#

3.3 BRI

K 5 gl Bl DL PR R S B B SE AN R B (BERE . 174 525 12585 3/4 5e5. B
A ALL Tiv Zr. By Si EAFESEMTTR S EENL, KPR AlLSh, EPQRIRS RS E ETREY C-
HRA-3 & EEHVER . WERTTUEL, A HERHRN Bl R4 Al o & & Hir b
R, HARBAMEAFCR S EESEH Hir s Bl A 1#EREIERE Al TR & E#r EERHTE
PRATE T I BRI AL Ty, 78 A R T & i o v i, A B VA R T <R T
H, SlEETER S RIE. SHEN, #ERGBEREGERL Zr. SiuREEHIE A, K2R TEpE
AR Ze0 AIuV Bk ALIE Si0y, (R Al R ER N, B AL T Ze M1 Si 54 A RE
JIHEsE, EFHERGY ZrOx Al Si0x 4Lyt ALIEIR, 1074 Ze M1 Si TR Z#EAE] C-HRA-3 5 &I
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Fig. 5 The content of various elements at different positions of electroslag ingots smelted by two slag systems and original electrode:
(a) AlL; (b) Ti; (c) Zr; (d) Si; (e) B

3.4 HEBEFERAMBER TR

TEANEE 1 s 0 VB SE AN R] i FE AL B AR 3 A6 1#F0 24 RIGRIM C-HRA-3 & 44 DIUEHIFE S,
an I B PIEHIRE, FIFH %R EVO18+X-MAXS80 B W) F 8l 43 HT RGAT A M EARTE 1 um P B
KR IBATGELE, FARES T T AR 29.8 mmP o M3 B4k BT DUR B, & RE S AR A AL
B B BRI R B IR, Herh B I B S BB B —F A E. X &
B R B I B RS AT BEAT oA, SR I 6 P AEARRI s AL E b, 18 R H il A b o
AL AR BRI T, ANAE p3 AL BAL 2 R A EERS = T I R AR, BEAL, 28T R R
BT RSRT 5 wm BRARYEE I BT 138, JAPRI R FEAEDAE 1~3 nm KITEE N . N
FS BN ST N R, WEREES (pd—pl) RAWEEE/INUENES), EXUE BT R
.
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Kl 6 Wit FR 0 R GE A [ A B AL A e A i R /A 4t
(a)1#-pl; (b)1#-p2; (c)1#-p3; (d)1#-pd; (e)1#pl; (D2#-p2; (g)2#-p3; (h)2#-p4
Fig. 6 Statistics on the number and size distribution of oxide inclusions at different positions of electroslag ingots smelted by two slag

systems: (a)l#-pl; (b)1#-p2; (c)1#-p3; (d)1#-p4; (e)l#-pl; (D2#-p2; (g)2#-p3; (h)2#-p4
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