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Distribution Characteristics of Inclusions in GH4742
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Abstract: A $570 mm alloy ingot was utilized as the electrode for vacuum arc remelting, and a $660 mm vacuum arc re-
melting ingot was prepared through the three stages of arc initiation, stabilized melting, and thermal capping. The melting
process lasted a total of 860 minutes. The distribution of inclusions in the industrial ingot of vacuum arc remelting GH4742
alloy and its characteristic positions (crown, shelf and skin) was analyzed by field emission scanning electron microscope
and inclusion automatic scanning system. The results of the study showed that there were four main types of inclusions in
GH4742 alloy vacuum arc remelting ingots, including Ti (C,N), LaAlO;-Ti (C,N), Ti(C,N)-(Ti, Nb, Mo) C, and
LaAlO,-Ti(C, N)-(Ti,Nb,Mo)C. The size of inclusions was mainly dominated by small-sized inclusions less than 3 pm.
From the center to the edge, the size of inclusions gradually decreased and the number density gradually increased. The
largest size of inclusions was observed at the middle center of the ingot, with a maximum average size of 4. 14 pm. The
lowest number of inclusions was observed at the bottom center of the ingot with a number density of 13. 23 N/mm*. The ag-
gregated oxide inclusions were distributed in the ingot crown, skin and shelf, which were formed when the oxides dis-
lodged from the electrodes move to the edges of the ingot under the action of the flow field of the molten pool and are cap-
tured by the solidified regions at the edges.
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Table 1 Chemical composition of GH4742 alloy electrode %
C Cr Mo Ti Nb Al Co B Ce La 0 N Ni
0.066 13.84 5.00 2.71 2.56 2.54 9.96 0.006 1 0.000 8 0.002 3 0.000 87 0.002 7 Bal.
(@ ® oK
m % TJamns
20 mm T B
: - — a e
’ ) ) ay
S
10 mm r 70.66 > B, m

K1 GHA7A2 & G A5 BE R AEOL i SRR 7 58 - () B, (b) AL, (o) ME, (d)HUREDT 58
Fig. 1 The characteristic position and sampling scheme of GH4742 alloy ingot. : (a) crown, (b) shelf, (¢) skin, (d) sampling

scheme
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Table 2 The main element composition of GH4742 alloy ingot at different positions %
P T g JE
it 1/2R h%% Tl 1/2R %k Tl 1/2R UE 3
C 0.059 0.056 0.055 0.055 0.054 0.055 0.056 0.056 0.055
Cr 13.79 13.88 13.88 13.9 13.85 13.85 13.88 13.88 13.85
Mo 5.06 5.01 5.05 5.02 5.01 5.01 5.01 5.04 5.04
Ti 2.73 2.65 2.66 2.66 2.64 2.63 2.70 2.72 2.72
Nb 2.74 2.63 2.61 2.60 2.59 2.59 2.61 2.62 2.59
Al 2.71 2.70 2.70 2.67 2.68 2.67 2.62 2.62 2.62
Co 9.75 9.83 9.87 9.86 9.83 9.85 9.79 9.85 9.87
La 0.002 3 0.002 1 0.002 2 0.0020 0.0019 0.002 0 0.001 9 0.001 8 0.001 8
N4,
1ol RS 40 —JEE%B/, -
357 vl
Tg 8 7 7 7 | Tg sor ’,/"’/?‘/ ,,:/I
4t - 15r ﬂ
5k 101
51
RN 12R ETN 12R
B fr R B fr R

K2 GHA742 G &L R 31 : (a) O, (b) N
Fig. 2 Distribution of impurity elements in GH4742 alloy : (a) O, (b) N
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Fig. 3 Inclusions with single layer structure in GH4742 alloy

ingot : (a) light grey Ti(C,N), (b) dark grey Ti(C,N)
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Fig. 4 Inclusions with two— layer structure in GH4742 alloy

ingot : (a) LaAlO,~Ti(C,N), (b)Ti(C,N)~(Ti,Nb,Mo)C
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Table 3 Chemical composition of different phases in inclusions in GH4742 alloy ingot %

Je A R S C N 0 La Al Ti Mo Nb
2 Je J=g! 37.0 20.4 - - - 42.6 - -
2 25.0 27.4 - - - 47.6 - -
3 - - 56.0 224 21.6 - - -
— ‘?4 14.4 33.5 - - - 52.1 - -
Pl 36.2 17.8 - - - 46.0 - -

6 52.6 - - - - 20.6 2.5 24.3
7 - - 59.2 23.3 17.5 - - -
=P 8 373 21.2 - - - 40.4 - -

9 58.1 - - - - 17.6 2.0 22.3
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Fig. 6 Morphological characteristics of atypical inclusions in GH4742 alloy ingot :

(d)=(f) Cluster of inclusions

2.2.2  HHEER I G R R A A

ST AT I A AR BLZS B AE TR IR 4 A
FRAE , R T 855 AN [ B e = i RUST A
B oA, HrP BRI T A >25 mm?, S B
[8]>40 min, FFIZP RT3 <3 pm 3~5 pm |
>5pm =K, GBI RWE 7 (a) ~ () Inm.
ATLLE M, 5 B i TO0H | v 3 RIS A () 467 2 1 e
ZWLL <3 pum B/ NRST e 08 £, BN e
A O B 210 | L 22 Horp s e b
G N ST e 5 L Fc i R 87.8%, X S L AT
FIFE JE 0 e R /N RS 9 48k 0 e 2% A 3 7 1) AR
FH R WHESS 2 55 5 i SRl iy oAb, B 5E T
HFR AU >5 pm (932 40 Do 3130 2 35 52 30
TR A R 3 O i T AR S B i &, e
TN o RS I BT ool D .7/ e o i R N B ]
Bk,

HE— 25 VTN R A e 2% W) 1) B8 i %% R

K6 GHA742 5 4 355E th AR ALY SUARAE : (a) ~ (o) BRARSFIE I, (d) ~ ()RR W)

— g 3 -

(a)-(c) Individual heterogeneous inclusions,

BIRSE, i 7(d) s . AR E, Tk % bk
Fe Wy R B R D HRSE A 22 ok, X 5
ZRIMPF ISR —5 . W L, e a2 s
T PG B GBI £ e B i E I RS
BWREAG . WAl e 2 W 1) B % B DA 5
G TS 1) TOT 58 2 T 48 22, e 2 ) 1y IRUH I8 A B S ) B
PHRRAE o b S5 5E rhE Ay e b Je 22 P i 3 R
SRR, FORSEEI R SF g 4.14 m, 8558 i 5030 Ak
e Z 2 R /N /N RSE R 1,73 pom,
BTN G I m L R E N
39.45 A~ /mm?, #5 5 IS HB 0 Ab 1) Je 2 Wy R B b
BB N 13.23 4 /mm?,
2.2.3  HEIE JRZLFIREG K b e 24 Wy i) 43 AT RHAIE

B AR AL e B AREEIR B &S5RI
SER AL T BE I TIOR3 2%, A6 e ik AR o p B
B ) T v T R o el B TOURR R 4 1Y) 4 I 7%
TR I A 4 i YR Bl 2 B A I A ORI RS

100 100 100 455
—3 i | (b) ™ <3 pm i <3 pm e 5.5F(d)  WTHEE @R A EE v
& gg © —=3 :::-<5 pm g gg _( : =3 pm~<5 B 28 ) =3 um~<5 pm g 5_0-( ) ?&?gﬁ?é;! 40 g
g 70 =5 pm 716 § 7ok =5 um § 70 =5 pm 5"4'5_ 3 Py . 15 i
1 60/ = - 560l = 60 - 240 o 05
#50 ﬁSO' #50 73,5 =
240 sdor s F4or B30t { 2511!1
7k 30 = - 19.5 & 3or . 20.7 & 30 s 231 B 2.5 r .- --d Zﬁﬁ
20 18.8) . 156, 20f 184 20+ 17.8 17.9 & i
R L IR R T U IR o 158
0 i : ; 0 - : e 0 — : =l 15 L y : 10
ol 1/2R PIES s 1/2R FVES [N 1/2R hs ks 1/2R wE
R B R B R

BT GHATA2 &4 P I 0 R RUBCRR A0 () T (0) il (o) S ()P4
Fig. 7 Size and quantity distribution of inclusions in GH4742 alloy ingot : (a) top, (b) middle, (¢) bottom, (d) average
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Fig. 8 Chain shaped inclusions at the crown of the GH4742 al-

loy ingot. (Q1 and Q2 are the local enlarged images of the correspond-

ing positions.)
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Fig. 9 Mesh inclusions at the crown of the GH4742 alloy ingot
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Fig. 11  Characteristics of inclusions in the skin of the
GH4742 alloy ingot
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