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HE. RIWBE, MEBMIOHIREE, EES
£ (50 Pa. 100 Pa) TEAESFIMTHIESH
A RiHIRIERE, ESETE (10 Pa) NAKER
MyOIHIR D BEESHESEEN, XY EIESH
R, S8 B30 kgE BRI LIS
TIRREMREE A GESARININRENE, KIE
SRR AE B NAEESERE20x 10°LLT, FH
RBEINTNENYEZMHERD L, RIWEH
BT/, FRIESHRT ‘BEEBNEEG+EESE
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( NVIM+ESR ) TZ3IGH3128& 455 h 23 4E1E
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REPHEHMUETY) .
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1 et SREE

NR IR AR FIERVIM-50B B Z BN I, 1%
REHATRBE NS0 kg, FERIREZEH10° Pa, &
S L{ERERNIAL 800 C, JAMFHIRAHMIEFER140 mm.,
=300 mm&EEREMRFZAIMgOTHIIHIR, JMERAERD
FIEEMAL » EEFRIG LS TES BN SR
SRIGEXTI0 Pa/h, IREEZEREF.

HRITEC-HRA-REMMNE R, WEMDoIE
1. BEUSEEEMNFEEEER, 1120 kghZER
£, RIERIPUZERS I TFRESITERIWIESR, 1t
BEERNEAZ . SSEFIPEEIES B REER
10.90kg. £/Ei%453kg. FEfEH240kg. E/EEHL.78kg.
£/E130.13 kg. J6EBIR20 9. £/EHR9.8 g, A EEAMN
NOERIEIESRBIEHI0.20 kg, £/Ei84 9. WkES
( BML918.57% ) 459,

*1 C-HRA-3M#HEELZFR S

Table 1 Chemical compositions of C-HRA-3 heat resistant alloy Wg /%
C Si Mn P Cr Co Mo Fe
0.05~0.10 <0.05 <0.1 <0.012 <0.008 21~23 11~13 8.5~9.0 <0.1
Al Ti Cu B w zr N Ni
0.8~1.3 0.3~0.5 <0.01 0.003~0.005 <1.0 <0.1 <0.01 A

BIERBE WG A E SR E . SR
B, BETELMIERERNNEHRT THEIRE
FZEN, ZRRFR: W, Bk, EEH5.
cER. TEER. SRHIRIESERE. XIS
BRMESZEL PalA T, EBFHEEFRSIBIEL,
MWL &ML SN S EREE, BEINRE
BIEREHNEGIRE, HBENEEREERER
EE— NI RIS AR, FB/EE30 minEl—
TOSFERER, PRI 3 4F. SR . EES L
MAZERHL. £EK. WSS, BIEZ1 460 Ci
i, BRI minfgzs , ISR REEPELES
HIERES B E=RITHIR . BB RS,
EVRESBIEIRE kAR . NI TEII2rE RF%
$E FEVH @5 mm x 30 mmE{fE. £BRE, FAILI
KIRWGEINBRBEE S S B FRR T &85 0EiL (ICP-
AES) 1R T t=EE, BXHE10 mm x 10 mm x 10 mm
SR, EBIQuantab50fegiTHFB S 1T L ZAPHIEL
8. RIFMSEEUSE,

2 RIRERNRITIC
21 C-HRA-3 S§EZT/ERHZEDT
KAmAERNBITIRE, FiHRFIE%C-HRA-3
SENEHDIREF, YSSET TeREEREFTES
ERFIEFEEN, £ELKEMIOHIBOREESIKRT
HE, SSRESEEN. B, FREAFEEER
BCRIFRERSEIAIC-HRA-3E £ DTN Z T E S
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EETRMBSERFMT, BKIRRENIZST
. KERENERS, BERRASIICOSK
EET MRRIERSER . KNilR/aKkC-HRA-3RE
ARG, RED LR (0.1%) Bk, FLSHIR
MAIHIRESE . fEC-HRA-3E SR, mARMNAIE
TR (1), RERDZFMN, BERNARERLN
EMHTAGL, (J/mol) AIFRRAR (2) , ERE
RBKRETFAED) T, RNNSMHETEREE



F

Vol.72 No.6 2023

sH [y ——
{EE Founory TGRS

A Ggo (Jmol) AJLAFEZRA (3) .

[CIv+[OIn=CO (4) (1)
A G o=—67 742-39.25T (2
A Geo=AGL+RTINQ
(PP
=67 742-39.25T+RTIn————  (3)
£[%Cf, [%0]

X QNFERES TRMAERYS R MYREIEL
TEEL; peoIRCOSMAMIDE, Pa; fFfomBIAC
FIOHTEEZREL; [%C]H[%0]5 B ACFIOES SR T
MERED .
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xR, AR (4)

Pco
[%C][%0]= 8 147.45 (4)
e 1

9.10+
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K, ERTFHERIRER, EMNFESHRES
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st (5) AR, SHALSRIESEHS. 4
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B RS ATRS M EES SR SHEE . MgOs
BRI R AR S A5 BT T ERAE A Glyo (Jmol ) SIBEZ
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MIPRE R, RS HTE HES A Gl (mol )
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MgOIHRHA S SN RE S SRPIE . MO
RS RIS E ALE T BN, WRNASRTE

SE[WOITETRAT (8) o ik, ZEEEHBFEEIMGO
RSB EETKERERMNEN AL, EMERIEMgE
SHD Epu SRR AR N =) COMI D EpcfBE, BD
Pvg=peo=112p,, BRIRTEMYOHIBS & & RAIEELL[O]
NEEREH=1, ATLATEHEL 582 CFI2.7 PaAIEZ
BEEUT, A2RTHNARESE/TL70x 10°, Mgo
HIBESEEDR . JMgOHIRH BRI R MIEE AT
WIRERAIER, 52RTPH0IEEEN.

MgO (5)=Mg4) +[Oli (5)
A G’=621 984-208.12T (6)
AG=AG+RTInQ=146 800-49.8T+RTIN[ (pyslp”) * fo[%O]]
(7)

202 650 L J4811.64
[%O]: p - f eZS.O3 T ( 8 )

2.2 EENENEEERRNRNDZES T
AR F, C-HRA-3GEEEHKIREL 582 C
THRAZED BIMatProf 2 4+ 8153,
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EMNARRSEHIESHUER2FIR. NERFEILIER,
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T, BRET—EEkR. BEBGNENER, KE
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fa%s, (BRELBIETEN120 minlf, 8&RFPHSE
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90~120 minZ[BIE—RIZIFFIE, BEMIOHIRD #F
RRNBERERFESHRRERNEE, XEXEDS
ERPHE, SIETERAENTS. i, 'FER+ R
ZE890.002 8wt.%, ESETHEHATIEIE KAV R FHI
F82, X5BEEBRENERT, ERENHED
e, BUHERUIATESAT UL . B9, Nidiz
HRPEEEEBIGIEITE RN HIETLER,
FEARLY SLFRAEC-HRA-3E £HIITIEH, RIE[0]&

F2 FBEHEMEC-HRAIEEEHC. ORERSHTNK
Table 2 Changes of carbon and oxygen content and
parameters of liquid C-HRA-3 alloy at different sampling

stages
HURE HURE AW BEW
[%C] [%0]

Bt Ry EhRYg ABUem®
1 0.017  0.0028 193.0 198633  2683.2
2 0.011  0.0029 59.0 198043  2676.3
3* 00086 0.0024 85.8 197185 26647
4% 0.0081 0.0018 137.4 195811 26461
5 00079 0.038 78.6 195025 26355
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Fig. 1 Schematic diagram of carbon deoxidation reaction process in

vacuum induction melting
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%, B[OIRYY BUREBE(IN, EREAMRFETELN
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BHPBRESEFERMAGESHFNEAER, KT
0.01wt.% ., FHLt, [OIFERIEBAEFRIERAIRSIME
T, HDtrESRRER N HFETE.
BEFERERMIERENALUA NS ST /A
BREOERRFESE, aJRrAaR (9) .

d[%O0 A
- [dt L V() o ( [%0]-[%0], ) (9)

X AARNABER (EEREEER ) , om’,
It4bA1E9153.9 cm® ( HIHIRAE P=140 cmit&75
)5 V() AEHEEREIR, cm’; kg hEaERTB
[OIFE BB AR EFRMERREEL, cm/s; [%O] SixEA
REFEHEESRTFENREL L, HADFITER
5.

= (9) FH15EIEC (10) .
[%01-[%0],,
40, %01, 7 ()

2P E TR NAGSIS SR, BTl
(10) Al EH[O]1ERIBILR EFRIERE ko -
FEl'HRESERNERSE, MHBEL120 mindds"
BASERAENMIOHEAR, MU' RE
SENREESE, B[%0],=0.002 9, H2*. 3" 4°
=NIREEEEET U RIHIRAS SRIARTIREWHT
EHERERMNONHFITE, JEEFIHEREY
kioj=2.68 x 10° cm/s.,

~In ot (10)

2.3 1EEEEXE P ZAFAERIZ NG

JARFFFL, 2° 3° 47 SIREHRITIESE
B, BB, HXEHIF, £ BEDSEEETNBERIFEI
Quanta 650FEGELFE F 55 TR ZIFE, 1
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Fig. 2 Distributions and morphologies of inclusions in samples during different refining times
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Fig. 3 Statistical results of inclusion distribution in samples with different refining time
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Fig. 5 Morphologies and energy spectrum of typical inclusions in 3* sample
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Effect of Refining Time on Oxygen Content and Inclusion Characteristics
of C-HRA-3 Alloy During Vacuum Induction Melting

LI Long—fei', LIN Teng—chang', LIANG Qiang', HE Qing', ZHANG Yang®

(1. Department of Metallurgical Technology Research, Central Iron and Steel Research Institute, Beijing 100081, China;
2. Institute of Steelmaking Engineering Technology, MCC Capital Engineering and Research Incorporation Limited, Beijing
100176, China)

Abstract:

A 50 kg vacuum induction furnace was used to smelt C-HRA-3 nickel base heat resistant alloy. The effects
of refining time on the change of oxygen content and the characteristics of non-metallic inclusions, such as
quantity, size and type, were studied. The results showed that at the initial stage of the refining within 0-90
min, the content of [O] in liquid alloy decreased with the extension of the refining time. However, at a certain
time from 90 min to 120 min of the refining period, the decomposition reaction rate of MgO crucible was
greater than that of carbon deoxidation, which led to the secondary increase of the [O] content. The limiting
link of carbon the deoxidation reaction in vacuum smelting of the C-HRA-3 alloy was the mass transfer of
the [O] into the reaction interface in the liquid phase boundary layer. Combined with the experimental results,
the average mass transfer coefficient of the [O] was calculated to be 2.68x10° cm/s. Under the influence of
electromagnetic stirring in vacuum induction furnace, as the refining time reached 90 min, the number and
size of non-metallic inclusions in the alloy were minimum. The inclusions in the C-HRA-3 alloy were mainly
alumina and magnesia alumina spinel.
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