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The method for determination of mineral constituent in solid fuel by the intensity ratio
of Compton and Raleigh X-ray scattering peaks is proposed. The solid fuel is considered
as a quasi-triple system of main phases C-SiO,~Fe,O; with evaluating the effect of
accompanying admixtures on the analysis results. Measurements of mineral constituent
have been carried out using coal standard samples prepared as powders with dispersion 60 um.
The method is intended for studying the systems of phases strongly different by average
atomic number and requires no precision measurements of light element fluorescence.

IlpennosxeH pPeHTreHOBCKUII MeTO[ ONIpeIeJeHUS MUHEPAJIbHOU COCTABJAIOIIEl TBEPHZOro
TOIJHBA II0 COOTHOIIEHUI0 WHTEHCUBHOCTHU [HKOB KOMIITOHOBCKOI'O H PIJIEEBCKOTO paccesd-
Hua. TBepmoe TOIIMBO PACCMOTPEHO KAK KBa3UTPOMHAS CHCTEMa OCHOBHBIX (has yriaepom—
SiO,~Fe,03 ¢ onenkoit BIMAHMA COMYTCTRYIOIIUX IpHMeceil Ha PesymbTaTHl aHamusa. Mame-
peHusa MUHEpPaJbHOH cocTaBAAIONeil BLITTONHEHO HA CTAHAAPTHBIX 00pasnax yriaeil, Tpuro-
TOBJIEHHBIX B BHUJA€ IOPOIIKOB aucnepcHocTtbio 60 wMKM. MeTonq mnpeaHasHaueH OJIs
nceJieOBaHUSA CUCTEM, B KOTOPBIX (pasbl PesKo pasjnyaloTcsd Mo CpefHeMy aTOMHOMY HOMe-
Py, U1 He TpedyeT MPelU3NOHHBIX M3MepeHUd (hIyopecleHIInn JerKuX KOMIIOHEHTOB.

PenTreniBchKHiE MeTO BH3HAYEeHHA MiHEepPaJBbHOI CKJIAMOBOI y TBEPAOMY MAJHBI.
1.&. Muxaiinos, O.A.Bamypun, A.l.Muxailnos.

3amporoOHOBAHO PEHTTreHiBCLKUHM MeToJ BU3HAUEHHA MiHepaJbHOI CKJIAJOBOI TBEPAOTO
TaJbBHOTO 3a CIIiBBiHOIIIEHHAM 1HTEHCUBHOCTI MiKiB KOMIITOHIBCHLKOTO Ta PEeJEiBCHKOTO PO3-
cisuusa. Teepme manbHe TpeacTaBeHO K KBasi-moTpiiina cucTeMa OCHOBHUX (pas BYTIJIEIhb-
Si0,~Fe,05 i3 omimko BIAMBY CYIyTHIX AOMINIOK Ha pesyibTaTd aHanisy. Bumipiopamms
MiHepaJbHOI CKJIAZ0BOI 3AiliCHEHO HA CTAHIAPTHUX 3PasKax BYIiljs, BUTOTOBJIEHUX Y BUI-
aapi mopomkis i mucnepcuicrio 60 MEM. Meroa nmpusHAYeHMH AJIA LOCHIIMEHHS CUCTEM, Y
AKUX (asu pisko BiApisHAOTHCH 3a cepefHIM aTOMHUM HOMEPOM, Ta He IIoTpebye Immpermsiii-
HUX BUMIipoBaub (hyopeciieHIlil JerKmx KOMIIOHEHTIB.
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1. Introduction

The existent X-ray method for determi-
nation of fuel mineral constituents is based
on measuring the quantity of each constitu-
ent: SiO,, Al,O3, MgO, Fe,0Og3, etc. — by the
intensity of the proper fluorescent line [1,
2]. Such analysis requires both rather labo-
rious sample preparation procedure and
availability of standard samples (SS). More-
over, the SS attested for all mineral admix-
tures are absent at all, that makes difficul-

356

ties for quantitative measurements. Deter-
mination of each admixture content in the
fuel is rarely necessary in practice, because
only the total of mineral constituents is of
interest usually, the so-called ash (4,).
Analysis of the ash content can be fulfilled
by the ratio of Compton and Raleigh X-ray
scattering intensities I/Ip, taking into con-
sideration that mainly SiO, and Al,O3 based
"light” admixtures and Fe,Oz contribute
into the ash. The portion of the rest con-
stituents does not exceed several percents of
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the ash mass, so it can be taken into ac-
count by small corrections. Therefore, for a
purpose of express-analysis we shall con-
sider solid fuel as a quasi-triple system C-—
SiO,—Fe,03, which components are strongly
different by the ratio I/Ipg.

2. Theoretical principles

The intensity ratio of Compton to
Raleigh scattering on atoms is given as [3]:

m
1)
, Zni . Z?'55
c i=1
I @(0) - lmi,
i=
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where k factor depends on the integral in-
tensity experimental measurement ranges
and serves as a fitting parameter.
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Let us consider the quasi-triple system
C-SiO,—Fe,05 assuming the mass portion of
the mineral constituent being:

Aq=Wsio, * Wre,0,- (4)

The total of mass portions of carbon and
the mineral constituent is:

We+A;=5. (5)

The intensity of Compton scattering for
this triple system may be described taking
into account (4) and (5):
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The intensity of Raleigh scattering (the de-
nominator from (3)) we obtain from (6) by sub-
stituting Z9-5% by f2 for corresponding atom.

Denoting  the experimental value
(IC/IR)exp = o, we obtain
Ie _«a (7
IR k ’

where k is the fitting factor.
From (6) and (7), A; value can be ex-
pressed in an explicit form as a function of

(X/k and WF9203'
Substituting the numerical values Z for

chemical elements, atomic masses M = 12,
MSi02 = 60.09 and MFe203 = 159.7, as well

as the atomic factors for sin6/A = 1.22 [4]:
fc = 0.88; fo2=1.15; fg** = 2.02, we ob-
tain the following expression for A, calcula-
tion:

Ay = (8)

(ﬁ 0.2233 - 0.0674) - Wi, o (ﬁ 0.0413 - 0.3747}
o 273 O

(ﬁ 0.0478+ 0.0579]
o

3. Experimental

The objects of the study were coals SS as
powder samples with particle size about
60 um. Attestation for the ash total amount
Ay and the Fe,O3 mass portion in the ash has
been carried out using the routine technique.
The Fe,O3z mass portion in the coal, W03,
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Fig. X-ray spectrum of a coal powder sample
with Compton and Raleigh scattering peaks
and fluorescence lines of mineral admixtures.
Secondary radiator Ti/Mo. Exposure time
300 s.

was determined by the Fe,Os; mass portion
Wio, in the ash: Wi 0 = Ay Wio

Fe,O4
X-ray spectra were reglstered using the
energy-dispersion spectrometer "SPRUT"

(AS "Ukrrentgen”, Ukraine) equipped with
SDD detector X-123 (Amptek, USA). The
X-ray optic arrangement has been based on
the two-layer secondary radiator Ti/Mo [5],
which allowed sample selective excitation by
molybdenum and titanium analytical lines.
As a result, the X-ray spectrum includes
the molybdenum Compton and Raleigh
peaks of scattering on the sample and fluo-
rescence analytical lines of the sample min-
eral elements. Spectra were registered from
the flat surface of a sub-pressed sample
similarly to the routine for liquid sample
analysis. The beam incidence angle onto the
sample surface was 24°, while the angle of
the analytical signal registration was 80°.
Spectrum accumulation time was 300 s.

Table 2. Experimental Compton to Raleigh scattering intensity ratio (I,/Ip)

Table 1. Compton to Raleigh scattering in-
tensity ratio for separated components of
C-Si0,—Fe,05 quasi-triple system

Phase C Sio,
[C/IR 4.932 2.5455

AlLO,
2.7162

Fe,O4
= 0.48

4. Results and discussion

Experimental spectra contain intensive
fluorescence lines of iron and silicon, and
also lines of accomplish admixtures: K, Ca,
S, Al, Mg, ete. (Fig.) of low intensity. Quan-
titative determination of the admixtures
using calibrating function method has shown
SiO, content in SS from 5 to 25 mass. %,
and Fe,O3 — from 2 to 6 mass. %. The
total content of the accomplish admixtures
in coal does not exceed 1+2 %, that well
supports adequateness of the model of the
quasi-triple system C-SiO,—Fe,O3. In addi-
tion to fluorescence lines, intensive peaks of
Compton and Raleigh scattering for the lines
of molybdenum secondary radiator are ob-
served (Fig., pos.l, 2). These peaks are well
separated and allow determination of integral
intensities with high accuracy.

From Table 1, the strong dependence of
the experimental I/Ip ratio on the propor-
tions between the components of the
C-SiO,—Fe,03 quasi-triple system is evi-
dent. Additionally, SiO, and Al,O3 are al-
most similar by this ratio, so, the contribu-
tion of Al,O3 small quantity is practically
unobservable on the large SiO, background,
thus they can be considered as a single
phase SiO,. By the wavelength difference
A)X between the Compton and Raleigh peak
maxima it was possible to determine the
scattering angle with high accuracy,
0 = 59.75+0.1°, and to calculate the value

exp? Fe,O; mass

portion, and mass portion of mineral constituents A; in SS

Sample (IC/IR)exP W(Fe,03), % mass Ay cqier Yo mass Ay gorp» Yo mass
number
1 3.482 2.57 39.4 37.3
2 3.173 3.70 46.1 44.9
3 3.169 4.40 42.4 42.0
4 3.728 3.70 25.8 27.1
5 3.404 4.90 31.1 32.8
6 3.296 5.9 30.5 31.6
7 3.403 5.5 28.2 31.1
8 3.340 5.5 30.5 30.2
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sinf/A = 1.218 A1 necessary for calculation
of atomic factors [4] and coefficients in (8).
Calculation of A; by Eq. (8) using experi-
mental Compton-to-Raleigh peak intensity
ratio and taking into account the mass por-
tion of Fe,O3 has given satisfactory agree-
ment with certification data of the standard
samples (Table 2).

5. Conclusion

A method for analysis of multi-phase
systems based on light elements using the
Compton-to-Raleigh scattering intensity
ratio has been developed. The method allows
determining contents of phases strongly dif-
ferent by average atomic number without
measurements of light element fluorescence.
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Measuring the total portion of mineral con-
stituents in solid fuel powder samples can
be realized expressively and requires no spe-
cial sample preparation.
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