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Determination of Magnesium-Halo Site in Spheroidal
Graphite Nodules Using CMA

Haruki Itofuji* and Hajime Yamada™*

A detailed study of magnesium distribution in the microstructure of spheroidal graphite iron was conducted
using a Computer-aided Micro Analyzer(CMA). The results showed that magnesium segregated in a halo-
like form at the site between the eutectic graphite core and secondary graphite ring in graphite nodules. The
graphite ring was in the form of a three-dimensional graphite shell. The halo-like distribution was concluded
to be the trace of a magnesium gas bubble. In this study, the Site Theory has been used as one means of
interpreting data. According to the Site Theory, a magnesium gas bubble in liquid iron functions as the site for

the nucleation and growth of spheroidal graphite.
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Table 1 Conditions of CMA analysis on magnesium.

Items Conventional study'” This study
Type of CMA JEOL-8600M JEOL-8600M Shimazu-8705

voltage (KV ) 15 15 15
Probe current ( nA ) 301 300 30
Beam diameter ( um ) 2 1 1
Analysis region/Beam'” ( um 3 X Depth 1 $2 X Depth 1 2 X Depth 1
Scanning ( 4 m) 2 ( Stage) 1 ( Stage ) 1 ( Stage )
Points ( XY ) 500 X 450 450 X 450 §12 X 512
Magnification X100 X400 X400
Dwelling time ( m-sec.) 20 100 100
Method WwDs wDs WwDs
Standard specimen Pure Mg Mg0 Pure Mg
Spectrum crystal TAP TAP TAP
Surface preparation Diamond polish (etch) | Diamond polish (no etch) GD spattering
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Table 2 Chemical composition of specimen for CMA analysis.

Chemical composition ( mass % )

c Si Mn P N Ce Mg CE
3.53 2.31 0.27 0.037 | 0.010 0.016 | 0.051 4.30
CE=C+1/3Si
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Table 3 Conditions of glow discharge spattering by GD/MS.

Items For CMA For SEM

Mask diameter ( @ mm ) 5 5
Insulator ( @ mm ) 5+20 5+20
Voltage (KV ) 0.7 0.7
Current (mA ) 1 1
Time ( Min. ) 50 140
Milling Depth ( gm) =2 =7
Atmosphere Ar Ar

TH5.

A0 DT, BRECA XL — 5 OSTRMER
EDHEGH DI, &aBIOKBO R 2 KD CMA %
i L7 2rdEE, sy v omTick /b LEBAEM
[hrELcboo, “FHIc 2 FUMKE L. EFEe—
LPRE, HERLICEB T B Mg o — (@ A2 kRIS 3
1o, LIHIO M ™V X 0/h& W lum & L7z, SR,
VIR & 0 @0 400 £512 L7z, CMA 4307 % O 7' o — i
% Z <N Table 1 2O Table 3 12759,

3. XBRHER

CMA 7, %, ¥4 ¥ € FX—2 FiFEEHD S
FEhEL 72, ¥rilio 3 7 o #l#k 4 Fig. 1 1254, Fig. 1a
ITRd Y 7 oflikE, BEIKEOMEARET 3120, Nk
3% +4 59— LVTIEALLbDTH B, HITHEF I, b
ROPAS N TOEVIABICHINY T 5. SHrEEF L, S
hich —R v EGESN B0, BRI hTLR L,
Pt~ T, ETRBRFOMELEnIS D CRIFCH -1 &5
Z5B. Y7 ofifkid, 7= 374 MM, BEVRL, K1 K,
NEY L ok hTw 3, B, Fig la Rob it
BBEEZELTVS, —hHF41 FRUONEWR, Fig.la<T
3EM, Fg b TERAMZEZSELTWL S,

= B - -
bo ® - w, 0. ~ v ¢
e 6‘ a S ® .a: = ¢
o_ o
o® - 9 G‘
s n".'.f:' s
2 g% B ®re
-y f G ?‘.M" .~
..\ e . § £ |
» b v ‘.
® o . @ ® .
..o : ’. . ‘
' o.. » /ﬂ'- il
‘ @ o L w %W *
fae 3
1004 m

(a) Optical photo ; (1) Graphite without Mg halo and 2 Vickers hardness mark.
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(b) SEM photo.

Fig. 1 Microstructure of a hand-polished specimen analyzed by CMA. The specimen was etched with 3 vol.% nital

after CMA analysis.



CMA I X AERIRESMh D = 7 % &9 &0 — (& OFFE 523
EV D U cfE R & L TiiZE s b, Fig 3 I1T/Rd R ya—EICED 3 ) vy LAl ® SEM E.E 4
{ N, NEEICNEYIDERELTWAZ s, NMEYOD Fig. 5 (2, kU Z Offlk D CMA 73#rfEH % Fig. 6 (</R9.
lii&ih & b3, Fig 4 (2, Mg M EPoFEf %254, L STRIEE, ) vy Tic & © Rl EF 2um R L 2
fio CMA S cid™, ~o —Pishickith & h 2 Bk DD, ko CMA 7t & 3FEF ik 1.
D Mg 12, NMEYITH 7. LHL, 20X BRI Fig. 6a 12/~ d Mg s &L b, Mg/ o — (3, kD
L1, MEYI Mg &, Efevilic e s . orthrs R (Fig. 2a) &[Elek, & eToEsmbnckittsh

(a) Mg map (a) Mg map

(b) Fe map (b) C map

(c) Fe-Mg map (c) Ar map
Fig. 2 The results of CMA analysis on the Fig. 6 The results of CMA analysis on the

microstructure shown in Fig. 1. microstructure shown in Fig.5.
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Fig. 3 The void at the left middle side of the analyzed
area in Fig. 1.

Fig. 5 SEM microstructure of a specimen which was used for
the second CMA analysis. The analyzed area was the same as
the first CMA analysis, but the surface was milled about 2um
by the glow discharge spattering method.
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Fig. 4 Inclusions at the area among eutectic cells in
Fig. 1; (a) the area at right middle side and (b) the area
at left upper side
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(b) High magnification of nucleous like protuberance

Fig. 7 SEM photographs of the largest graphite nodule
at the near center in Fig. 5 (tilted 30°). This nodule had
a magnesium halo, but also had a magnesium containing

protuberance at the center.
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Fig. 8 Graphite nodule with secondary graphite ring
(tilted 30°); (a) SEM photograph and (b) result of EDS
analysis. The hand-polish surface was milled about 7um
by the glow discharge spattering.
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Annex Detective condition of Mg halo by using CMA

Items Important factors and examples

Notes

Comprehension
by researcher

(2)Distribution of Mg in microstructure

(3)Action of electron in specimen

(S)Witness of analysis

(DMorphology of Mg in spheroidal graphite iron (SGI )

(@Mutual understanding between operator and researcher

(DFree and Inclusive Mg

(2Mg halo in graphite nodules

(3Diffusion range = souse of special X-ray
@Meeting shall be held before analysis.
(®)Analysis shall be conducted by third party.

Comprehension
by operator

(DContent and morphology of Mg in SGI

(2)Distribution of Mg existed in microstructure

(@Hard ware of CMA.
(5)Soft ware of CMA.

(3)Both operation and analytical mechanism of CMA

@
@

(3)Beam focus shall not move but be stable during analysis.
(@)Operator shall be able to maintain CMA by own hands.

(5)Operator shall not have reliability on full-auto function.

©JEOL JXAB600M. JXA8800

CMA OSHIMAZU EPMA-8705 Information up to 90s
X CAMECA (Australian foundry)
c t(nA) 300 for JEOL Shall be stable for both power source and CMA itself
urrent(n
30 for SHIMAZU during analysis.
Voltage (kV) 15 Shall be selected considering electron action in graphite
nodules.
Beam diameter( 4 m) 0.1~50 Shall be decided considering electron action in analysis
structure.
Scanning Stage

Elements(X , Y)

Beam diameter X Scanning number =analysis view area

Good matching shall be needed among three factors.

Time/element (m—sec.)

50~100

Shall be selected for every CMA.

Method

WDS ;Wave Dispersive Spectorography

Standard specimen

Pure Mg or MgO

Must be used.

Spectrum crystal

Shall be suitable for special X-ray of Mg.

For example ; TAP

Surface preparation

(DPolishing ;Diamond paste
(2Etching ;No influence
(3)Coating ;No need

(DRadial pattern shall be seen in graphite nodule.
(2)Stain and impurity shall not be allowed on surface.

*Specimen shall not have magnetism.

Analysis view area

Shall be general microstructure for everyone.

Wider view and general microstructure which have many

graphite nodules shall be selected.

Special X-ray strength

weaker side of strength is important.

Whole range detected shall be treated as data. Especially,

Conventional EPMA had no function to treat weaker side
of strength.

Display

Coloring at Mg halo shall be put priority.

Mg halo will not appear clearly if wide range of strength

including stronger side was considered.
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