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Speciation of inclusions in aluminium by X-ray diffraction and fluorescence methods
combined with preconcentration by filtration and selective dissolution
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A method for the determination of trace amounts of corundum (x-AlsOs), a-quartz and
other metallic elements as inclusions in aluminium with X-ray diffraction and fluores-
cence analyses has been developed. An aluminium sample was melted and filtrated
through a porous alumina filter (100 um in pore size). These inclusions were concen-
trated in a layer on the filter with almost 100% recovery, and collected on a membrane
filter after dissolving matrix metallic aluminum with a bromine-methanol solution. The
X-ray intensities of the inclusions on the membrane filter could be measured without any
significant interference of the coexisting materials, except for light elements in relatively.
large amounts of inclusions. The regression coefficients between the intensities and
amounts of standard specimens were 0.990~0.999 and the reproducibilities were satisfac-
tory. Corundum in the range of 0.07~0.5 ppm and a-quartz in the range of 0.02~0.09
ppm and the other metallic elements, such as Mg, Al, Si, Ti, Mn, Fe and Cu at the ppb
level were determined. Spinel and other inclusions could also be determined by thlS
method.

Keywords : inclusions in aluminium; inclusion filtration apparatus; selective dissolution;
X-ray diffractometry; X-ray fluorescence analysis.
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Fig. 2 X-ray diffraction patterns of residues after
bromine-methanol treatment of parts of a cylindrical
sample

Al: aluminium; Cor: corundum; JA: menbrane fil-
ter
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Table 1 Caliration graphs of X-ray diffraction analysis for corundum and o-quartz

Diffraction line Equation (y=) ! Correlation factor o (x)/mg

Corundum (1 1 6) 20.1x+ 0.4 0.990 0.08
(113) 274x+1.3 0.998 0.05
(104) 27.2x+0.8 0.998 0.04

o-quartz (10 1) 126x+0.2 0.999 0.003

! y: integrated intensity/cps deg; x: content/mg

Table 2 Amounts of the residues after bromine-methanol treatment and results of the determination of corun-
dum and o-quartz in them by X-ray diffraction method

Sample Sample Residue Corundum found a-quartz found
No. taken/kg mg ppm mg ppm mg ppm
Before GBF B-1 2.03 1.19 0.59 0.55 0.27 0.05 0.02
” B-2 2.07 1.54 0.74 1.10 0.53 0.10 0.09

z B-2 2.05 1.12 0.55 0.78 0.38 0.08 0.04 -
After GBF A-1 . 2.01 0.59 0.29 0.15 0.07 0.00 0.00
2 A-2 2.09 0.71 0.34 0.18 0.09 0.06 0.03

BREER L. KEEEB M)y 7207 VI =y
LAERRAY ) — VB CTRINICHEMR L -8, #Eo
AW & PR E LEBERO SR E LT X SllE
WKL Twa. o T, EnEBICAShA L) < b

Vo 7 ABEVEETE L0, HoR-RERIE
Table 1 12787 & 918, MR 0.990~0.999 & E M
ZRIFT, BERFED 0.003~0.08 mg LiMETE B H
THo 7. ‘

e Lo e TR LR E, FRREY
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BRREYTH L0, S h: ERRORSIEZN2
NEBALY R T DMOFEERATEW & Bbhs, Zhb
DIFEEPRE LT, Al, Sild3-3 THRAdoD, Mg iFE
BRI DAL IR O XA, Ti &8 BRI LA
HEN5B TiBs, X Fe, Mn, Cu FIXIFH KW+ D
INLEERTALDIC
2:4+3 \ZHE o THERL L 72 ERRIE, Table 3 1IR3 &9
IZHBIFR AT 0.997~0.999, HEERAEDT 0.01~2.1 g &
WETXSETHo7. HL, Mg & Al Tit, HER
BB EEAR LNz, £2T, TS IERE UEER
B2 HWT FP B2 #H LR, B 2ERRER
IEHEAHR LN, b, LHBRAYZEE 47 mm O
74 NVE =R, AEWEISE mg BE T Tk
RNy 7 AOEBRILALZIITICERTES. £
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Table 3 Caliration graphs of XRF analysis

Element line Equation (y=) ! Correlation factor o (x)/ug
Si Ko 10.7x+ 2.6 0.998 2.1
Ti Ko 1.25x+0.61 0.997 0.25
Mn Ko 7.1x+0.10 0.999 0.01
Fe Ko 7.6x+2.7 0.999 0.38

Cu Ka 8.8x+0.568 0.997 0.04

! y: Karintensity/10 * Keps; x: content/ug

Table 4 Results of the determination of metallic elements by XRF method

Sample Sample Mg Al Si Ti Mn Fe Cu
No. taken/kg g ppb  pg ppb  ug ppb Mg ppb Mg ppb Mg ppb  Hg ppb
Before GBFB-1  2.03 18 9 509 251 74 3 06 03 01 01 41 20 13 06
” B-2 207 298 14 679 328 69 383 21 10 05 02 201 97 51 25
» B2 205 52 25 505 246 34 17 1.0 05 02 01 15 07 36 18
After GBFA-1 201 8 4 955 127 53 2 29 14 00 00 13 06 08 04
z A2 209 6 3 243 116 104 530 03 01 01 00 42 20 09 04
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