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Identification of Non-metallic Inclusions -in Steels
by vthe Polished Thin Section and. X-Ray Microanalyser.

v i
Minoru SASAKI, Riichiro KUSAK‘%?/ Hiroki HAMADA and Shoji MUROTA
. & , .
Synopsis:
For the research of fine minerals in rocks, a “polished thin section’> began to be used as
a new method. In this paper this technique was applied to metals containing non metallic
. inclusions. The metal sample was stuck to a slide glass, polished with emery paper to 7~8
microns in thickness, and scratches on the surface of the inclusions were removed by poli-
shing on cloth with alumina abrasive suspended in oil. Under a petrographic microscope the
reflected and transmitted color, transparency, crystal shape, extinction and retardation of the
non-metallic inclusions in the thin section were observed. From the optical properties the
minerals in the inclusions were identified fairly well. Then, each of minerals was analysed
with X-ray microanalyser. When the thin section was 7~8 microns in thickness, it was
confirmed that the slide glass had no influence upon the X-ray microanalysis.. By this me-
thod coarse non-metallic inclusions in the cold-rolled strips -of rimmed steel made in open-—
hearth furnace were examined. By considering both the optical properties and the result of
X-ray microanalysis of the inclusions, the minerals in the inclusions were identified without

difficulty and the state of coéx’istence of minerals was clarified in detail.
(Received 21 Sep. 1964)
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a) Reflection
b) Trahsmission (yellow)

Photo. 1. Microstructure of inclusion ih
REN 5] AL \ﬁ: :—:* ] > .
312 BAEIRSS sample A.. X400(3/5y
Table 1. Result J]ofﬂX—ra.y‘rnicroanalysis (Sarhple A)
a) Qualitative analysis b) Quantita‘;ivg analysis*
Detected element. | Measure of content . Observed Corrected
Mn , Much Element | Content(%)| As oxide [Content (%)
Fe Much :
Cr . .~ Very small Mn 60°1 MnO 76%g
Ca Very small -
- Fe 16°4 FeO . 21%
Analysed position3 .
98°1

* Acceleration voltage: 30kV
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(a) Reflection
(b) Transmission (colorless)
(¢) Transmissiion; crossed nicols

Photo. 2. Microstructure. of inclusion in

sample B. X:400(2/5)
3-2:2. AL SR '
Ekjgm 1oo~2oou LS fB?aFiME?U?’ E%#, i
Ay o Table 2. Re;sult.of X—ray microanalysis (Sample B)
a) ,Q‘ualitat'ive analysis’ b) Quantitative analysis*
Dete- | Measure of content Observed Corrected
cted - - : ‘
element ‘|Anisotropic mineral| Isotropic mineral o Content (%) Content (%)
v , i - SR - : A ~
“Mn ’ Much - " Much m:nt é&nis.o— Isotro— oxside 1Z}nis_o—’ Isotro-
TAl Small "~ ‘Medium ' ropic q pic : ropic i pic )
Fe | ° Small Medium mineral jminera » mineral| minera
Si Much Much - Mn 444 185 | MnO | 58% 24°%g
S - Very small Very small :
Ca A Small Medium F 9 . . F *9 .
Ti. - - Very-small Very small © z 62 - €0 ° 85
o ‘ Ca 0°07 1*8 CaO 0°1 29
* Analysed position3 Al 044 | a1 | ALOs | 2:0. | 157
Si 8°3 | 1% | SiOy | 315 | 42%
Sum 7 95°g 94y

*  Acceleration voltage : 30kV
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Compositions and optical properties
of Mn-silicate?>

Table 3.

Rhodonite. Tephroite
-Formula MnO-SiO, - 2MnO-Si0;
Composition MnO 541 | MnO 70°2
(%) Si0;  45'6° | Si0O;  29°8
Crystal system Triclinic Orthorhombic
: , Elongated
Crystal shape — paralell to C
B‘rﬁﬁéfgﬁgnce’ 0°011~0°014 ca. 0°04
Color in thin
section Colorless Colorless
Melting point 1280°C - 1340°C
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(a) Electron image
(b) Mn-X-ray image
(¢) Ca-X-ray image

Scanning image of inclusion in -
sample B.

Photo. 3.
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(a) Reflection, (b) Transmission
Microstructure of inclusion in
. sample C.

Photo. 4.
X 400(2/5)

Dotted area; yellowish brown isotropic

fine particles; reddish yellow isotrropic

Hatched area; yellowish strongly anisotropic
(% analysed position)

Fig. 1. Optical properties of inclusion in
sample C.

EIRABEITR 5 DT, IS ROSHMTH 5.
HRRCEMIRBERPITEEND 2~3p DMK

ST, RRTCEESTOOREVWEDTHS. L L

EXi= 3 VT CRETH DD, ChdSliRosy
Thsb. .
SEEFBHILIIRNFER PRI 10X20 ¢ FLORERTH
BRESNS. ChiEz=a v TeEL, LadE
BRIFETHEP D VD, BEFROHE DBV &
HEIND. ‘

3-33 XA 07+ 54— CXDHH
Lo#EBe, WREMS, HED 3 DOHEMTOVTE
ST BT oiER% Table 5 TWRLK. k5T

Table 5. Result of X-ray microanalysis
(Sample C)
Qualitative analysis

Detected Measure of content
Yellowish | Reddish
element | brown yellow Colorless
mineral mineral mineral
Mn Much Much Much
Al . _— Much
Fe Much Much Medium
Si —_— —_— Much
Cr ¢« |Very smalll Much '
K —_ — Very small
Ca Very smalllVery small Small
Ti —_— —_— Veryismall.
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b) Si-X-ray image
d) Al-X-ray image
Photo. 5. Scanning image of inclusion in

sample C.

a) Electron image
c) Cr-X-ray image
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On the -High-Temperature Strength and Structural Change

of Type 316 Austenite Stainless Steel Castings.

(Study on the austenite stainless steel castings—I)

Synopms

Yukishige FURASE, Shoichi KaTon

Nobuhiro OruBO and Kanetoshi IwAMoTO

High- temperature tensile test, creep- rupture test up to 10, OOOhr at 650°C, aging treatment
under various levels of stress at 650°C and stress-free aging treatment up to 6,400hr at 650°C
were carried out on the Type 316 and Type 316L stainless steel castings, and the structural
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