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The discovery of FeCrNi spherules from the main hole of CCSD

REN Yu_feng, FANG Qing song, BAI Wen_ji. YANG Jing sui, ROUNC He, YAN Bing_gang, ZHANG Zhong_ming and XU Zhi_gin
{ Key Laboratory of Continental Dynamics, M LR, Institute of Geology, CAGS, Beijing 100037, China)

Abstract: Two FeCiNi spherules were discovered in the main hole of CCSD. They are about 200 Hm in size. Their chemical composi-

tions are F'e 71.07% ~ 73.68% . Cr 14.55% ~ 16.79% and Ni9.91% ~ 11.47% , totally 98.2% ~ 99.65% . The spherules con-

tain oxide inclusions, with elements of Cr, Mn, Ti, Al, Fe, Si, and O. X_ray diffraction analysis shows that the spherules, having

molecular formula of Feg 74Crp 16N g, 10, 1s polyerystalline and of the cubic system, with space group of Fm3m, cell parameter of a=

0.3603 nm, Z= 4 and density of 7. 828 g/ em®. The polished faces of the spherules are white gray in color and have metallic luster.

The hardness of the spherules is about 4. 026Hm. T he reflectance of spherule is 56% ~ 63% , with Ss4 of 56% . The spherules were

probably produced by cooling of melted FeCrNi metallic droplets w hich trapped oxygen and was thus oxidized.

Key words: FeCrNi alloy; spherules; CCSD: Donghai

T2 EAR P AL AR 22 BROBDIR &2 J R4, 7t T 4% B
DORLERBE, G0 i i OB (A4S %, 1985; Herzog et al.
1999; Bornhold and Bonardi, 1979) . B 471 BT ( Wright and
Hodge, 1981) K 1l #E( Gay, 1976) M Jii %t i 0B 4 ( Bi et
al., 1993) MeHuiK I Nozaki et al., 1999) 2% . fE#% A 4
op LT AR ERORL, 01 AP R S 11 82 I AT ( Stechel et al.
1998) Jf 75 81 4007 04 6 4% 2k 7 ( Rudashevsky et al. . 1987: Sav-
ochkina and Kudyarov, 1989; [13 355, 2004) A& 25 ( 15 8
F545%,1991; FEBL, 1992) GRS (¥ S0, 1992; J B LA
1988) A& I J7 i 4, 1993) 45 . BROBL 4 I R4 (1) i 1R
oK FU B AT B A L M T o (2 BG4, 2001 SE
monson et al., 2000; Glikson, 2000; Kettrup et al., 2001) .

ks HEE: 200507~ 11; f2iT HHA: 200508 — 22

EORAE IR 007 55, 1991 JRAL, 1992) il m ik il i An
KAl AR AR (B30, 1992; JBE BLAF, 1988) .

T P Rt R 2 e LA B ki B b, i LA i
M G HEEE L O T 603, 2~ 683, 5 m B A1 KA Bl
B 1 P BUBRUAE A T MEAT 0, 2 00 H B Pkt oo™y .
ASCIRTE AR i BUG T TR 1) FeCrNi 5 S BRRE .

1 Hb )Ty

il

R EE I N T i B f (Y R D) < 8= O % | o YO LB
Mbi g 2248 118940 27, Jb 4 34724 017 . LA 95 14 Hh B
FRDE o H AR A1y b %0l o M AR o NE el A B BES AT

EEWA: [ 5E AUERT TR R 973) 15 H (2003CB716503) 5 [HI5 AR KL 1k G 4 A0 H (40399143)

TEE B AT (T LR 1965

). EIBEST L 08 Sk, E_mail: yiren@ cesd. en .



486 oohaoww

v,

#

AT

b TS

0524 %

ATV D MR SR AL (X et al.
1998) . FEAL(0~ 2 000 m) P I 2 A7 28 0 15 [ hE ML,
B IR R R A A R S Ak, L P
W v RS RO AR T v 38 R BT ] A 90, 440 (0] 4 ok
25, 2005) , FERFLI 0 A A2 0 T B e R AR AR .

2 JENTRUESY I3 M i

AHEFEREG SR A AL g L e e T A R
IBURAE . A 603, 2~ 683.5 m I B (1 LTk A R AT 4
2.3 WL AT I T AR ATk R R VR L SCER (b e R
2005) . it Tk Bk R BTk Ay ok oy ik s 4,
2500 H R PRk, o BTk T e R . AT
FTRAH FeCrNi BROBLES T A9 R4 . 0 W4k 2% nle 23 1) 3
PR =4 w1 INCA fiE iS4, BCAT H 37 S_3500N B! i
SETCEE, I R 20 kv, TAERE 3 15 mm, BL Co JybrFE,
FEAE 507 T WF 90 SR £ 1% 20 M7 S8 58 1 . HRAEF 2 M A o [ b
BEA BT 7 B Y09 BT 58 1, SR EPM 1600 %2 g -1 BR £ 4,
I FL He 2 15 KV, L 20 nA, BL42)E Fe «Cr NiMn Al .

Si Ti g bkE . i) el P 25 0 A6 13 1 B 5038 O Wl 3 o A s
B S I, DCRS RS O IR 2( FHAR SR 40 , APLE 4257, 3
mm, Fe #ECIESE, AN 24 12 b

3 FeCrNi 54 ERRL V) 41 %

JLFCH 2 B FeCrNi 5@ BB, /N2 4 200 Bm( 4 1A .
B) ., FRIBOGHT, B 4L . BR B W), XA SRR
AR, fh A R 1. BROBL Ak AL R ML, Fe N
73.87% ~ 76.83% ., Cr J 14.67% ~ 17.91% . Ni J}j 6. 19% ~
11.04% . % DH3_17B Ff S S8 2007, 1242 Fe (Cr F1 Ni
A, AL R Mn AL ST 285, b, Fe 24 71.07% ~
73.68% ., Cr }14.55% ~ 16.79% . Ni }3 9.91% ~ 11. 47%,
BNl 98.29% ~ 99. 65% ( # 2) . RAUVEG & SR b b b
B CATE . BRI AR, SR BT A0 AE S 4 B 5 AR B, HL Rk
GrREE . R BREF 2 b a5 AL, BRIk A A Ay 1
Feg, 74Cro, 16Nig, 10 -

2 ANERRL A Y S A BB . b DH_L7 op i e AR
293 P (B 1, A1) . DH3_17B {0 kB %, i K Z010 Um

e g o i 5"’ A
o * B i.‘
B & ?’g \ |
L 1 %
‘ﬁ | °
\ . 9
i -
o :
- ‘.'
B i~ BI
} 5. "
rd , 4 D
& [ P
: o
. ®
' & % .
3 ] a0 4
s Vv )
P 1 FeCrNi BRRE 4TS S P 1%
Fig. 1 Back scattered electron images of FeCrNi spherules
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Table 1 EDS analyses of FeCrNi spherules Table 2 Electron microprobe analyses of FeCrNi spherule
B DH_17 DH3_17B M oS oTi Fe Al Cr Nio Mn B et
HIFS 1 2 3 1 2 1 0 00 7333 0 1508 10.47 0.29 99.19 Fey 74Cro, 16Nig 10
Cr 16. 98 17.91 17.45 14. 67 16.20 2 0.08 0.15 73.66 0.06 14.55 9.97 0.36 98.83 FeyuCro 1sNig 10
Fe 76. 83 75.63 75.56 74.29 73.87 o
© 3 013 0.01 7.07 0 1679 991 0.29 982 Fey7CrosNia 1o
Ni 6.19 6.47 6.99 11.04 9.93 ‘ _
A 100.00  100.00  100.00  100.00  100.00 4 0.3 0.07 73.68 0.04 15.12 9.94 0.47 99.65 Fey 74Cro 16Nio 10
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Table 3 EDS analyses of inclusions in FeCrNi spherules
Fe'e DH_17 DH3_17B
P 1 2 3 4 5 7 8
Al 5.47 371 3.59 378 3.70 3.72 3.5 3.49
Si 4.77 7.85 7.58 8.12 7.95 8.88 7.29 7.6l
Ca 0.35 - - 0.43 0.42 - - -
Ti 3.56 14.89 14.45 14.33 14.05 16.19 14.91 14.34
Cr 5,75 26.53 25.72 25.39 24.89 25.24 26.08 26.62
Mn 10.33 12.22 11.85 10.93 10.71 10.78 11.94 10.61
Fe 6.17 - - .25 1.23 0.55 1.69 1.63
0O  63.61 34.80 36.81 35.77 37.04 34.63 34.59 35.7
SV 100. 00 100. 00 100. 00 100. 00 99.99 99,99 100. 00 100. 00
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Table 4 X ray powder diffraction data of FeCrNi
spherule ( Sample No. DH_17)

d/nm 0. 208 01801 0.1274 0.1087 0. 104
I/ 1y 10 8 5 4 2
hki 111 200 220 311 222
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Table 5 Hardness of FeCrNi spherules

He AW A A1 284S HE mm
d ds

e 5 Hv/N*mm"~ 2 Hm

o 1y

1 41.3 42.0 41.6 214. 4 4.039
2 42.7 42.1 42.3 206.2 3.987
DH3_17B
3 42.3 42.3 42.3 207.2 3.994
4 40.0 40.7 40. 3 228.4 4.12
1 43.3 42.0 42.6 204. 4 3.976
DH_17 2 41.0 40.7 40. 8 222.8 4.09
3 43.2 42.0 42.6 204. 4 3.976
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Fig.2 Reflectance diagram of FeCrNi spherule in the
wavelength range of 400~ 700 nm
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