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Use of X-Ray Microanalyzer for Determining Compound
Composition of Small Amounts of Powder Sample

Minoru SASAKI1, Ken-ichi SuzUKI, and Yoshio Uzukl

Synopsis:

A method for composition analysis of microgram amounts of powder sample has been developed.
The sample was ground to the sizé less than 2 or 3 microns, homogeneously dispersed an organic

solvent and filtrated under reducing pressure.

In the filtrating procedure Nuclepore Filter of pore size

of 0'5 micron was used. Prepared cake was analyzed by powder method of X-ray diffraction.
The diffraction pattern from the filter paper did not obstruct the identification of patterns from the

examined samples.

Then, X-ray microanalysis was applied to the cake which was coated with carbon film. For quan-
titative analysis the amount of the cake on filter paper had to be over 10 micrograms per square mi-

- llimeters of the paper.
both analytical results.

The content of each compound in the sample was estimated by combining the

Applicability of this method was checked in the analysis of a foreign substance of small quantity,

formed on or contained in steel sheet.

(Received Jan. 21, 1971)
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Separation ------ By using a knife or pin
Grinding
:sperglon LN (R By ultrasonic vibration motion
organic solvent
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X-~ray diffraction analysis

!

Treotment for

————— By the oscillation method

----- Carbon coeting in vacuum
electric conduction
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X-ray microanalysis

Fig. 1. Preparation of micrcgram oider of powder- -

sample for the analysis.

C) cake of magnetite powder, 20 y4g
F) filter paper

Filter cake cn Nuclepore Filter paper.
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Table 1. Repeatability in X-ray microanalysis of
filter cake sample.
Sample : magnetite (99% Fe O,).

Cake No I ‘ I I i
Measurement (eps) | (cps) | (cps) | (cps)
1 2869 | 2622 2760 2710
2 2716 2671 .+ 2639 2704
3 2610 2700 2731 2745
4 2 666 2745 2739 2733
5 2 640 2763 2708 2709
6 2733 2 695 2 600 2701
7 2677 2 640 2702 2625
8 267! 2700 2 600 2720
9 2 687 2710 2740 2 669
10 2672 2734 2711 2 690
% 2 694 2 698 2693 2700
g 66-9 42-1 558 43-4
cv (%) . .| 2-48 1'56 | 207 1-61

Analytical conditions : 15 kV for accelerating voltage, 0°028,A
for sample current and 100, of spot size.

“Table 2. Effect of particle size of powder sample
on relative X-ray intensity. i
Sample : magnetite (99% Fe;O,)

1" 15 25
- 50 100 | 50 100
<2 0-684 | 0-654 | 0-645 | 0-669
2~5 0680 | 0-653 | 0-663 | 0-664
5 ~10 0-668 | 0-630 | 0627 | 0-635
10~20 0-667 | 0-625 | 0-646 | 0-626

* Accelerating voltage, kV
**  Spot size, g
***  Particle size, p
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Fig. 2. Relationship between the cake weight per

unit area of a filter paper and the X-ray

intensity.

Table 3. Relative X-ray intensities of the cakes of
several specimens to that of each single

crystal,
. Relative X-ray
Specimen intensity
Magnetite, FezOy 0-94
Calcite, CaCQO, 0-92
Quartz, SiO, 0-85
Corundum, Al,O4 0-78

Analytical conditions : 15kV for accelerating voltage and 0°03 4A
for sample current.

%, 1mm? H7cy 10 pg Ll EC XEFBEII—El2 T
LTHD, ZOfix “RAXLTAR” LEXTINTS
%5. Fig. 23T, ERAMECKS, ¥—*0X
MBEORAERIPEVEVEZAICEEEDTVS..
CDOBMREE ST BT, X5t CaCO; (LR
B) & ALO; (EE 7T ) oBFEABOsr—3%0
2T, BERELo X @aERTAIE L. FeO, &
5i0; DFER D, b T Table 3ITRLA. Zhitk
i, WEREGSXERE . 100% 137 Hicvs, b
EMOTPHRFFSCEFEL TV B XS5 ICEBLNS. H
DI BD X 1 L FD graphite, CryO;, CuO, ZnS o
PBREBE L CEEZOZE LAV EH, ThBE

— 46 —



-

SEBRRBOMBR SIS T X< A 20T +5 14 ¥ —DFH 1787

LIEBWONTHREEEELLBEINT52 L, LaL
0%RHZIT L EED L EHRLTWS. BIEL{LED
DEFEIR LD, KERTEONI- AT EEREEZ
COBETHRTHEIE. 7 4 V&~ —FDER
BEMEREAEOZN LD IKENLEFZ LSRN D
Ty MARDOFETAKIEEL », HIHABOEE S DR 2
BEHCEERE LD TRV A EBbh .
DlEOEREC D EO%, BaObEMDOREFRCET

046t /o/ /
. 003+
2 044 [ _
w
[ =4
= 002
>
<)
1
> 042
= COif. .
o .
[
m ..
040} s
’ 1 1 P Il o i 1 il
58 60 62 - 4 8 12
Fe (%) . Si0; (%)

Fig. 3. An example of calibration curve of standard .

filter cake (iron ore).
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- a} Frofiles by diffractometry (cake diameter : 6 mm)

Sample : 3 yg
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‘ b) Patterns by Debye-Sherrer method (cake diameter : 1 mm)
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Fig. 4. X-ray diffraction pattern of magnetite powder caked on a

Nuclepore Filter. . :
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Table 4. Analytical results of the powder mixture of quartz and magnetite diluted with carbon.

‘\\ *Relative ; ! ‘
. ) ) ~ Is; I | Isi/Licosi Is; I i/ T100si
Si/Fe in starting sample — -8t Fe Si/ 1008} Si Fe S
/ & P Ty00si Iigore Ipe/Iiore | fr00st ’l Iygore Ize/Iore
016 0012 | 0066 ' 018 | 0-0032 | 0-018 | 018
0-65 0-035 00435 | 0-82 0-0093 0:011 0-85
2-6 0-052 0016 | 33 0-014 0:040 | 35

* Relative X-ray intensity

Table 5. Results of X-ray diffraction analysis of non-metallic substances taken from steel sheet.

(1) (2) (3)
Sample A : foreign substance in Sample C : foreign substance in the | Sample D : strain on the surface
the crack of a sheet (100ug) “blow” hole of a sheet (50ug) of a sheet (40pg)
d (&) I Ident. d (A) 1 Ident. dA) I Ident.
2:90 s G 3-48 m Co 3-57 w
2°55 w 3-14 s F 3-34 s L, Q
2-47 ] G 2-83 w Sp 3-03 s Ca
2:05 m G 2:66 w 2-73 w
1-67 w G 2'59 w 2.56 m L
1-58 m G 2'53 m Co 2-46 w Q,Ca
: 227 w L,Q,Ca
2:07 m Co 2-20 w
2-01 m Sp 2-09 m L,Ca
1-92 s F 1-97 w
1-73 w Co 1-87 m Ca
1 _64 m F,Sp 1-81 w Q
Notation : G) galaxite, Co) corundum, F) fluorite, Sp) spinel, L) lepidocrocite, Ca) calcite

Table 6. Results of X-ray microanalysis of filter
cakes of the samples.

XNG | @ [ @ [ @
Sample
Component A B C D
MnO 24 | 25 12 —
(FeOOH)
FeO 10 6 2 67
(CaCO3;)
CaO — 1 15 10
MgO — 1 4 —
Nago —_ 2 10 -——
K,O — 1 2 —
ALO, 57 26 35 4
SiO, 4 37 22 11
Cl — — — | o5
S — — — , 09
Sum 95 99 103 93
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Photo. 2. Scanning images of characteristic X-ray of sample B and C.
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AR : absorbed electron image
Photo. 3. Scanning images of characteristic X-ray of particles dispersed
ocn a beryllium plate (Sample D).
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