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Abstract-A standardless method of energy dispersive X-ray fluorescence in conjunction with scanning 
electron microscopy was used to analyze selected areas of ciay-size particles of tale, pyrophyllite, and 
kaolinite supported by a carbon planchet. Peak intensity ratios of fluorescing elements relative to silicon 
were converted directly to weight or mole ratios using conversion factors determined theoretically, The 
conversion factors depend upon particle thickness and mass adsorption coefficients of the sampie for the 
elements analyzed, Tbe effects of particle thickness become signilicant above -0.1 /Lm. Without using 
particle thickness corrections, the mean molar ratios of metal to Si agreed to within 6, 1,0,5, and 9.7% of 
the theoretical ratios for kaolinite, pyrophyllite, and tale, respectively . 
Key Words-Chemical analysis, Energy dispersive X-ray analysis, Kaolinite, Particle thickness, Pyro­
phyllite, Scanning electron microscopy, Tale. 

INTRODUCTION 

With recent advances in electron optics, elemental 
analysis of selected areas of single c1ay particles has 
become possible by energy or wavelength dispersive 
X-ray analysis (EDX), Quantitative analysis is rela­
tively easy by the " standardless" method commonly 
used in materials research (Philibert and Tixier, 1975; 
Namae, 1975; Goldstein et al" 1977; König, 1976; Za­
luzec, 1978, 1979). This method is restricted to flat, ul­
trathin sampies for which corrections for fluorescence 
and absorption by the sampIe become negligibly smalI, 
and for which absolute elemental concentrations can be 
determined directly from X-ray intensities, Although 
such measurements generally require that the sampIe 
thickness be known (Colby , 1968), peak intensity ra­
tios, rather than absolute intensities, circumvent this 
requirement and can be directly related to elemental 
ratios regardless of sampIe thickness as long as an 
"uItrathin" condition exists. 

Peak intensity ratios are used because the determi­
nation of concentrations is theoretically more complex 
(see, for example, Colby, 1968) due to the fact that in­
tensity is not linearly dependent on thickness and the 
sum of determinable elements does not, in the system 
studied, equal a constant. Another advantage of using 

1 Contribution from the Agricultural Experiment Station, 
University of Florida, Journal Series No. 3342. 
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ratios is that diffraction effects can cause abnormally 
high intensities (counting rates) without affecting peak 
intensity ratios (Duncomb, 1962; Hirsch er al., 1962). 

Factors for the cODversion of peak ratios to compo­
sitions in silicates were empirically determined by Cliff 
and Lorimer (1975), These ratios are, however, limited 
to a detector matching that of the original authors, Most 
authors (e.g., Goldstein et al., 1977; König, 1976; and 
Zaluzec, 1978, 1979) prefer to determine their own ra­
tios from theoretical grounds. Such theoretical meth­
ods range from the simple (König) to the complex (Za­
luzec, 1978) and vary mostly in the methods of 
determining the ionization cross-sections of the ele­
ments involved and in the manner in which absorption 
and fluorescence effects are treated. 

The objectives of the present study were: (I) to apply 
the method of "standardless" thin film EDX to silicate 
minerals of known average composition , and (2) to de­
termine the special conditions and limitations of this 
method for layer silicates. The method as outlined be­
low was adapted from published work of other authors 
for specimens studied by transmission electron mi­
croscopy which uses higher excitation energies than 
scanning electron microscopy , but was tested under the 
conditions of the scanning electron microscope, 

THEORY 

In energy dispersive X-ray analysis a sam pIe is ir­
radiated with a be am of electrons which causes X-ray 
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Figure I. Schematic defining specimen geometry used in en­
ergy-dispersive X-ray analysis in the electron microscope. 
Ci = entrance angle ofX-ray photons at the detector face, 8 = 
takeoff angle (angle between detector axis and particle SUf­

face), and n = angle between detector axis and primary elec­
tron beam. 

emission from the sampie. Theoretically, the number 
of Ka photons (dna Ka) produced by element A in an in­
finitely thin layer of thickness dt and density P when 
excited by an electron beam at energy E o can be deter­
mined by the relationship (after König, 1976) 

dnAKa = CAQAK(N/AA)wAKaAP dt (1) 

where CA = weight fraction of element A in the layer, 
QA K = ionization cross-section of the K -shell for ele­
ment A, WAK = K-shell fiuorescence yield of element 
A, aA = Ka fraction of total K radiation from element 
A, which is equal to Ka/(Ka + Kß), AA = atomic 
weight of element A, and N = Avogadro's number. 

The numerous studies of the ionization cross-sec­
tions (QA K) for each element have resulted in a large 
number of empiricalline fits to similar data (see Gold­
stein et ai., 1977, for compilation of QA K equations). In 
our study the Bethe ionization cross-section, as quoted 
by König (1976), was determined from the relation 

QA K = 7.9 X 10-20 [ln(EoiEA K ectge)]/EoEA K edge, (2) 

where QAK is the ionization cross-section in cm2 , Eo = 
impact electron energy in keV, and a EAK edge = ioni­
zation energy of the K-shell of element A in keV. Sub­
stitution of this value for QA K into Eq. (I) results in 

dnAKa = 7.9 x 1O-2°CA(N/AA)wAKaA 
. [ln(EoiEA K edge)/EoEA K ectge]p dt. (3) 

When inelastic and elastic scattering of electrons is 
taken into account, along with other physical factors, 

König (1976) showed that the integration of Eq. (1) 
yields 

(4) 

where nA Ra(t) = number of Ka photons of element A 
produced as a function of depth, and the function 

hA (pt) = pt + (m/2 - XA/2)(Pt)2 - (XAm/3)(pt)3, (5) 

where m = scattering depth factor, XA = (p"/p)A/sin 0, 
(p,/P)A = mass absorption coefficient (in cm2/g) of the 
specimen for X-radiation from element A, and 0 = an­
gle between specimen surface and detector axis. In the 
thin film approximations of t ~ 0, h approaches land 
thus may be neglected in most metal films (Zaluzec, 
1978). However, the magnitude of this function for lay­
er silicates must be determined. 

A relationship between the number of photons as a 
function of depth [nAK(t)] and the corresponding mea­
sured intensity [lA K(t)] must be determined for use in 
quantitative analysis. König (1976) found that 

IAK(t) = (6.25 x 1Q18)[nAK(t)][W(EAK)(F/47Td2)iT], (6) 

where W(EA K) = detector efficiency at EA K, F = effec­
tive area of detector, d = distance from specimen to 
detector, i = probe current, and T = counting time. 
IA K is expressed in counts/amp' sec. 

The detector efficiency can be calculated using the 
relation 

j=l 

where j refers to each of three layers (i.e., the Si dead 
layer, Au coating on the detector face, and the Be win­
dow). Important angles are illustrated in Figure I. Com­
bining Eq. (7) with Eq. (4) gives the intensity of the K 
radiation of element A; but the resulting equation re­
quires values for various instrument constants and is 
subject to errors resulting from fiuctuation in beam cur­
rent and dead time losses. If ratios of peak intensities 
are taken, several terms, including machine variables 
such as spatial angle, probe current, and counting time, 
are eliminated. Ratios of the peak intensities for two 
concentrations result by combining Eqs. (4) and (7) to 
obtain 

IA Ka CA ABWA KaAln(Eo/EA K)EBKW(EA K)hA 
IBKa = CB' AAwBKaBln(Eo/EBK)EA KW(EBK)hB ' 

(8) 

which is independent of machine factors. The right 
side of Eq. (8) can be factored to give 

where 

At a given incident electron energy Eo, ktf is a con-
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Figure 2. Calculated effects of scattering on the kobJktf ratio 
in selected phyllosilicates, calculated by Eqs. (5) and (11); Il = 

30°. 

stant and can be evaluated prior to analysis. The last 
two terms of Eq. (9) can be combined to give 

(11) 

where kObSAB = (lA Ka/IBKa)(CB/CA). 
Most authors (Goldstein et al., 1977; Zaluzec, 1978, 

1979) ignored the scattering effect terms hA/hB which 
may lead to serious errors as illustrated in a plot of Eq. 
(11) as afunction ofthickness for several minerals (Fig­
ure 2). 

Errors can also result from the other sources includ­
ing absorption within the sampie, absorption from the 
carbon coating, and various fluorescence effects. Ab­
sorption within the sampie appears to be the most se­
rious. Goldstein et al. (1977) stated that kObSAB could be 
determined using the relationship 

kobsAB = ktfAB[(fL/P)B/{j.t/P)A] 

1 - exp[ -(fL/P)A(CSC 8)pt] 
1 - exp[ -(fL/pMcsc 8)pt] , 

(12) 

where (fL/P)A = mass absorption coefficient of the 
specimen for X-radiation from element A, P = speci­
men density, and t = the specimen thickness. The ef­
fect of specimen thickness on the absorption correction 
(in terms of the ratio kObSAslklfAB) is shown in Figure 3 
where A and B represent Al and Si, respectively. The 
correction is alm ost linear in the thickness range stud­
ied wherein the slope was determined mostly by the 
ratio of the mass absorption coefficients. 

Philibert and Tixier (1975) found that fluorescence 
from thin foils resulted from two sources, the contin­
uum and the characteristic lines of the sampie. The flu­
orescence correction is generally small and is consid­
ered negligible for films with (fL/P)pt < 0.1 (Philibert 
and Tixier, 1975; Zaluzec, 1978). 

The total effect of thickness on kobs can be deter­
mined by combining Eqs. (6), (12), and (13) to form the 
equation 

1.10. 

.90. 

Absorption 

M uscovite And 
Kaolinite 

Pyrophyllite 

Phlogoplte 

o 0..1 0.2 03 0.4 0.5 0..6 0.7 0.8 0.9 1.0 

SPECIMEN THICKNESS (t), iJm 

Figure 3. Calculated effects of absorption on the kobJktf ratio 
in selected phyllosilicates, calculated by Eq. (12); Il = 30°. 

_ k [1 + (m/2 - XA/2)pt - CxA m/3)(Pt)2] 
kobS - If [I + (m/2 - XB/2)pt - (XBm/3)(pt)2] 

(fL/P)B {I - exp[(fL/phpt(csc 8)]} 
. (fL/P)A {I - exp[(fL/P)Bpt(CSC 8)]} . 

( 13) 

This equation is shown graphically in Figure 4 for var­
ious minerals. Comparison ofFigures 2 and 3 with Fig­
ure 4 shows that the scattering effects are of nearly the 
same magnitude as absorption effects. 

Beam spreading must also be considered in selected 
area analysis (Golds tein et al., 1977). As the electron 
beam of energy Eo passes through the particle, scatter­
ing by the sampie causes an increase in the beam radius 
according to the relationship 

b = 6.25 X 105(Z/Eo)(P/A)1!2t3/2 , (14) 

where bis the additional beam radius (in cm) at a thick­
ness t (in cm) in a film of material with density p, av­
erage atomic number Z, and average atomic weight A. 
Although the elemental analysis by the ratio method 
does not change with dimensions of the beam, beam 
spreading imposes a minimum dimension on the size of 
particles which can be analyzed (Figure 5), depending 
on their thicknesses. For ultrathin sampies beam 
spreading is negligible. 

MATERIALS AND METHODS 

Three minerals were used to test the usefulness ofthe 
theory outlined above. Well-crystallized kaolinite 
(KGa-1) from the Clay Minerals Repository ofThe Clay 
Minerals Society was used as received. Tale (Fow­
ler, New York) and pyrophyllite (Hillsborough, North 
Carolina) were purchasedfrom Ward's Natural Science 
Establishment, Rochester, New York. These minerals 
were selected because they are presumably composi­
tionally pure and homogeneous (no minor elements 
were detectable by EDX). The tale specimen appeared 
to be homogeneous and was broken into smaller frag-
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Figure 4. CaIculated effects of scattering and absorption on 
the kobJk" ratio in selected phyllosilicates, caIculated by Eq. 
(13); 6 = 30°. 

ments followed by comminution in deionized water for 
30 min. Pyrophyllite crystals were separated from the 
iron oxide-containing matrix and subsequently com­
minuted in deionized water for 30 min. After commi­
nution, taIe and pyrophyllite were oven dried and 
stored for use. Each mineral was saturated with Ba us­
ing barium acetate solution adjusted to pH 5.0, for a 
determination of its cation-exchange capacity and EDX 
analysis. X-ray diffraction data of powdered specimens 
of the tale and pyrophyllite were obtained on a Diano 
XRD700 X-ray diffractometer using CuKa X-radiation 
and a graphite crystal monochromator at a scan rate of 
0.4°29/min. 

Dispersed suspensions were dried from highly dilute 
suspensions (to prevent particle overlap) onto carbon 
planchets under a high intensity light source and sub­
sequently coated with carbon for scanning electron 
microscopy (SEM) (see Berkheiser and Monsees, 
1982). All observations were made at 20 k V with a spec­
trum acquisition clock time of 10-30 sec. The SEM 
used was a Hitachi S450 with a Kevex 7000 /-tX ana­
lyzer, a 20-eV channel width, and a 10-keV range. The 
detector characteristics as stated by the manufacturer 
were: Be window thickness = 0.008 mm, Au coating 
thickness = 0.05 /-tm, Si dead layer thickness = I /-tm, 
resolution of 155 eV at 5.9 keV at 1000 counts per sec­
ond, and detector area = 30 mm2. 

Peak ratios used in this study were obtained as ratios 
of the channels of the peak centroid for the elements 
found in each mineral. Better counting statistics result 
through the use of windows, an analytical feature of 
most EDX units, but windows were not used due to 
peak deconvolution problems . Fluorescence from the 
continuum of X-rays and backscattered electrons from 
the graphite stub was assumed to be negligible as a first 
approximation. The geometry of the electron micro­
scope and the EDX detector is shown in Figure I with 
the important angles labelled. 

in 

j,Jm 

0·8 

' ·0 

'·2 

o 0 ·2 004 0 ·6 0·8 '·0 
tin j,Jm 

Figure 5. CaIculated effects of beam broadening on beam 
radius for a specimen ofpyrophyllite, p = 2.90, Eo = 20 kv. 

Background intensity at each peak centroid (channel 
with the highest number of counts in the peak of a single 
element) produced by the continuum originating in the 
graphite support and in the specimen was calculated by 
the relation: 

I = R(Eo - E)/E, (14) 

where I is the caleulated intensity at energy E, Eo is the 
energy of the primary electron beam, and R is constant 
(Reed, 1975). Eq. (14) was fitted to mineral spectra be­
tween 2.00 and 4.00 keV in order to obtain a value for 
R for a particular specimen. The observed intensity of 
each peak centroid (1.26 keV for Mg, 1.50 keV for Al, 
and 1.74 keV for Si) was adjusted by the caleulated in­
tensity of the background. 

Overlap of the peak of one element on the centroid 
of a neighboring element was determined empirically 
from spectra of separate sampIes of Mg(OH)2' quartz, 
and AI(OH)a. Table I gives the results after each cen­
troid channel of the single-metal oxide and hydroxide 
was corrected for background. 

RESULTS AND DISCUSSION 

ResuIts of X-ray powder diffraction analysis of the 
tale and pyrophyllite specimens are given in Table 2 
with hkl assignments from Stemple and Brindley (1960) 

Table I . Peak overlap of one element peak on the centroid 
channel of the peaks of neighboring elements . 

Peak Percent overlap on the centroid or 
originating 

from Mg AI Si 

Mg 1.4 0.0 
AI 3.0 7.5 
Si 0.0 6.6 

1 For example, number of counts in Mg centroid would be 
reduced by 3.0% of the AI centroid because of peak overlap 
from AI; or Mg counts = observed Mg counts - 0.030 (AI 
centroid counts). 
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Table 2. Observed X-ray diffraction data for powder sam­
pIes of taIe and pyrophyllite. 

Tale l Pyrophyllite' 

d(Ä) hkl d(A) hkl 

17.6 (S) 2 9.30 25 001 
9.30 80 002 4.60 10 002 
5.90 (S) 2 
4.67 50 004 4.44 11 
3.12 100 006 
2.63 1 202 4.25 (Q) 50 
2.60 2 132 

2.47 3 { 132 4. 17 40 
204 

{ 
020 
110 
021 

{ 
112 
111 
022 

2.34 6 008 3.34 (Q) 100 
2.21 I 134 3.08 25 006 
2. 10 1 136 
\.87 30 00·10 

1.67 2 { 244 2.57-2.53 12 
138 

\.56 7 00·12 
j 

130 
202 
200 
132 
026 

\.53 2 { 060 2.45 (Q) 20 
332 

2.42 20 { 132 
204 

2.28 (Q) 15 
2.24 (Q) 10 
2.12 (Q) 12 
\.98 (Q) 12 
1.82 (Q) 30 
1.67 (Q) 12 
1.66 (Q) 5 
\.54 (Q) 23 

1.49 10 { 
06Q 
332 

1.45 (Q) 2 

1 Matched with data of Stemple and Brindley (1%0). S ~ 
smectite impurity. 

2 Matched with data of Brindley and Wardie (1970) for 
monoc1inic pyrophyllite. Q ~ quartz. 

for tale and Brindley and Wardie (1970) for pyrophyl­
lite . The tale specimen contained a small amount of a 
higher-spacing mineral which was presumably smec­
tite. The pyrophyllite specimen contained a large quan­
tity of quartz. However, the EDX of single particles 
was not affected by the presence of quartz because py­
rophyllite was readily identified by its Al content. Data 
for the 060 reflections (1.53 A for tale, 1.49 A for py­
rophyllite) further substantiate the identity of the layer 
silicate components of the specimens. 

Values c31culated for ku using Eq. (J 0) at an Eo = 20 
ke V and with element B = Si are shown in Table 3. 
These values were c31culated using the fluorescence 
yield values, wK

, of Colby (1968); the KQ contribution 
to total K radiation was determined from the Kß/KQ 
values ofSlivinsky and Ebert(1972) and McCrary et aI. 
(1971). The values of aA (fraction of Ku in total K ra­
diation) for Mg, Al, and Si were assumed to be I be­
cause the Ku and Kß peaks of these elements were not 
resolved by the detector. For elements with atomic 
number greater than 14, corrections are needed (Reed, 

Table 3. CaIeulated values for ku at Eo = 20 k V, a = O. 

Element k" 

Na 0.3277 
Mg 0.5980 
AI 0.7861 
Si \.0000 
K 0.7808 
Ca 0.8184 
Ti 0 .7561 
V 0.7182 
Cr 0 .6965 
Mn 0.6476 
Fe 0.6107 
Co 0.5507 
Ni 0.5183 
Cu 0.4440 
Zn 0.3954 

1975). The values for detector efficiency were deter­
mined from Eq. (9) using Heinrich's values for mass 
absorption coefficients and using detector film thick­
nesses obtained from the manufacturer. The value for 
detector efficiency shown in Table 4 are much lower 
than the values which were obtained by extrapolation 
of the graph shown in the owner's manual but gave 
much bett er results when used in the an31yses. The val, 
ues used for u = 0 were consistent with the earlier 
graphs of absorption and scattering effects. 

The calculated ktf values for elements typically found 
in soil minerals (Table 3) were less than one and became 
progressively sm31ler as Z deviated in either direction 
from that of Si. For Na, Mg, and Al (Z < 14) the cal­
culated ktf were less than I because 311 of the factors in 
the equation except In (EoiEA K) were smaller for those 
elements than for Si. For the elements with Z > 14, the 

Table 4. Values calculated for W(EKo) using the detector 
constants obtained from the manufacturer. 

Efficiency (%) 

Ineident angle. a 

Element 0" 15' 30" 

Na 24. 14 22.96 19.37 
Mg 4\.51 40.24 36.23 
AI 56.72 55.60 5 \.96 
Si 68.41 67.50 64.50 
K 69.65 68 .77 65.86 
Ca 74.71 73.95 71.42 
Ti 84.34 83 .83 82.15 
V 87.59 87 .19 85.82 
Cr 90.10 89.77 88.65 
Mn 92.04 9\.78 90.87 
Fe 93.57 93 .35 92.61 
Co 94 .75 94.57 93.95 
Ni 95 .70 95.55 95.05 
Cu 96.45 96.33 95.92 
Zn 97.06 96.96 96.61 
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Table 5. Observed peak intensities, peak intensity ratios , 
and mole ratios for tale obtained by single particle analysis 
using standardless EDX. 

Peak 
Peak intensityl intensity 

counts ratio Mole ratio2,3 

Particle 
number Mg Si Mg/Si Mg/Si 

1 1268 2874 0.4412 0.6622 
2 253 532 0.4756 0.7138 
3 928 2018 0.4599 0.6902 
4 513 1053 0.4871 0.7310 
5 786 1709 0.4598 0.6901 
6 622 1558 0.3992 0.5991 
7 908 2097 0.4329 0.6497 
8 612 1430 0.4281 0.6425 

Mean 0.4480 0.6723 

Std. dev. 0.0283 0.0425 

CV(%) 6.3 6.3 

1 For the peak centroids ofMg (1.25 keV) and Si (1.74 keV) 
on the speetrum analyzer. Intensities have been corrected 
for background continuum according to Eq. (15), and for 
peak overlap. 

2 Theoretical ratio is 0.75 . 
3 Calculated using Eqs. (9) and (10) with no correetion for 

thickness . 

values for atomic weight and EA Kare high er than for Si, 
and In(Eo/EA K) is lower than for Si resulting in a ktf of 
less than I. 

The results of the analysis of single particles of talc 
are given in Table 5 and those for pyrophyllite and ka­
olinite in Table 6. The coefficient of variation for peak 
intensity ratios and molar ratios for tale , pyrophyllite, 
and kaolinite were 6.3 , 2.8, and 0. 1%, respectively. 
Several factors such as counting statistics of the detec-

tor, partiele thickness, microscopic composition and 
takeoff angle may contribute to the variability. Other 
instrumental factors such as probe current variations, 
counting time, and dead time cancel out according to 
Eq. (9). The standard deviation in total counts for a giv­
en channel in usually given as 2 vN, where N is the 
number of counts in the channe1 (Golds tein and Colby, 
1975). To achieve a 2% deviation in N, a t least 104 

counts must be obtained. The deviation in individual 
observed peak intensities thus ranges from 31% (tale 
partiele number 2, Mg peak) to 3.3% (pyrophyllite par­
tiele number 3, Si peak). Counting statistics likely con­
tribute significantly to the variability in the peak inten­
sity ratios . Differences in partiele tbickness and 
composition (or mass absorption coefficient) as weil as 
takeoff angle also contribute to the variability in inten­
sity ratios in the manner described by Eq. (13). For ex­
ample , the take off angle may be affected by the surface 
morphology of apartieIe as a result of shrinkage during 
specimen preparation, etching of crystal (or partiele) 
faces, as weil as the intrinsic shape of tbe partiele. At 
a "measured" takeoff angle of 30° and with ± 10° vari­
ability in surface morphology , kobJktf for a kaolinite 
partic1e 0.1 /Lm thick ranges from 1.025 at a 20° " ac­
tual" take off angle to 1.012 at a 40° "actual" takeoff 
angle. A 10° variability in " actual" takeoff angle of 
thicker partic!es produces even more variability in kobJ 
ktf. Minimizing the effects of these parameters will be 
discussed in a subsequent paper. 

The Al/Si mole ratio obtained for pyrophyllüe (Table 
6) comes very elose to the theoretical values even with­
out the thickness corrections shown in Figure 4. Tale 
(Table 5) and kaolinite (Table 6) , however, apparently 
need thickness corrections to bring the metal/Si ratio 

Table 6. Observed peak intensities, peak intensity ratios, and mole ratios for pyrophyllite and kaolinite obtained by single 
partic\e standardless EDX. 

Minerals 

Pyrophyllite 

Kaolinite 

Particle 
number 

1 
2 
3 
4 
5 

Mean 
Std. dev . 
CV (%) 

1 
2 

Mean 
Std. dev. 
CV (%) 

Peak intensüyl counts 

Al 

1322 
1031 
1556 
824 
654 

340 
376 

Si 

3385 
2413 
3766 
2055 
1542 

392 
433 

Peak intensity ratio Mole ratio2,s 

AUSi AVSi 

0.3905 0.4772 
0.4273 0.5222 
0.4132 0.5050 
0.4010 0.4901 
0.4242 0.5184 
0.4122 0.5026 
0.0115 0.0190 
2.79 3.78 

0.8672 1.0599 
0.8688 1.0618 
0.8680 1.0609 
0.0011 0.0013 
0.13 0.12 

1 For peak centroids of AI (1 .50 keV) and Si (1.74 keV) on the spectrum analyzer. Intensities have been eorrected for 
background continuum aceording to Eq . (15) , and for peak overlap. 

2 Theoretical ratios are: kaolinite, 1.00; pyrophyllite, 0.50. 
3 Calculated using Eqs. (9) and (10) with no corrections for thickness. 
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c10ser to theoretical values . At 0.1 /Lm thickness , the 
correction (kobJ ktf) is 0.97 for talc (Figure 6) and 1.02 
for kaolinite (Figure 4) and would be even larger for 
thicker particIes. The values shown in Table 6 are with­
in the range calculated for particles less than 1.0 /Lm 

thick for the three minerals observed. Thus, without 
measurements ofparticIe thicknesses, the standardless 
method of analysis gives reasonable results, although 
measurement of particIe thickness would provide more 
accurate kobJ ktf . Further improvement in particle ori­
entation on the support planchet (Berkheiser and Mon­
sees, 1982) , optimization oftotal spectrum acquisition 
time, and proper adjustment of the takeoff angle will 
likely reduce errors involved in measurements of this 
type . 
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Pe3IOMe--llcIIOJIh30BaIlCj[ 6ecCTaH,!1apTHhIH MeTOll :imeprern'leCKO-i\ßCIIepCIfoHHoH peHTreHOBCKoH !l>JIYo­
peCl\eHQIfif BMecTe COCKaHIfPYIOIl\eH JJIeKTPOHHoH MIfKpocKoIIIfeH 11M XIfMIf'leCKOrO aHaIlIf3a BbI6paH­
HbIX MeCT 'laCTIfI\ TaIlbKa, IUlpo!l>IfJIJIIfTa, If KaOJIIfHifTa 0 pa3Mepe 'laCTIfl\ rJIIfHbI, IIO,iUJ,ep)f(IfBaeMbIX 
yroJIbHOH OCHOBOH. CooTHoUieHIfj[ MaKCIfMaIlbHOH IfHTeHCHBHoCTH !l>JIYOPH3YIOUlIfX JJIeMeHTOB no OTHO­
U1eHiflO K KpeMHiflO 6blJIH npeBpaIl\eHbI HeIIocpellCTBeHHo B BeCOBhle HJIIf MOJIj[pHhle CooTHoUieHIf», 
IfCIIOJIb3Y» TeOpeTH'leCKH onpeJleJIeHHhle !l>aKTopbl. 3TH !l>rucrOPhi 3aBHC»T OT TOJIIl\IfHhI 'lacTHU H Koe!l>­
!l>Hl\IfeHTOB MaccoBoH allcop6l\UH 06pa3l\a iIJl» aHaIlH3UpOBaHHblx JJIeMeHTOB. 3!1>!I>eKThi TOJIIl\HHbI 
'laCTHl\ CTaHOB»TC» 3Ha'lUTeJIbHbIMH BhIUle ~0,1 /-LM. CpellHHe MOMpHhle COOTHOUieHIDI MeTaIlJIa K Si , 
6e3 HCIIOJIh30BaHH» nonpaBoK Ha TOJIIl\IfHY 'laCTHl\, COrJIaCOBaJIIfCb C TeOpeTIf'leCKHMH COOTHoweHH»MH 
B npelleJIaX 6,1, 0 ,5, If 9,7%)\AA KaOJIHHHTa, IIHpo!l>HJIJIIfTa H TaIlbKa, COOTBeTCTBeHHO. [E.C.] 

Resümee--Eine standardfreie Methode der energiedispersiven Röntgenftuoreszenz in Verbindung mit Ras­
terelektronenmikroskopie wurde verwendet, um ausgewählte Bereiche von Talk, Pyrophyllit , und Kaolinit 
in der Größe der Tonfraktion chemisch zu untersuchen, die auf Kohlenstoff trägern aufgebracht waren. Die 
Peakintensitätsverhältnisse d er fluoreszierenden Elemente im Vergleich zu Silizium wurden direkt in Gew­
ichts- oder Molverhältnisse umgerechnet, wozu theoretisch bestimmte Umrechnungsfaktoren verwendet 
wurden. Die Umrechnungsfaktoren hängen von der Teilchengröße und von den Masseadsorptionskoeffi­
zienten der Probe für die analysierten Elemente ab. Die Auswirkungen der Teilchendicke wurde über etwa 
0, 1 /-Lm von Bedeutung. Ohne Korrektur der Teilehendicke weicht das durchschnittliche Molverhältnis 
Metall/Si für Kaolinit, Pyrophyllit bzw. Talk um etwa 6, 1%, 0,5% bzw. 9,7% von den theoretischen Ver­
hältnissen ab. [U .W.] 
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Resume-Une methode sans standard de fluorescenee de rayons-X dispersant l'energie en conjonetion avec 
la microscopie balayante a eleetrons a ete utilisee pour analyser ehimiquement des regions choisies de 
particules de ta1c, de pyrophyllite, et de kaolinite de taille del'argile. Les plus hautes proportions d'intensite 
d'elements fluorescents relativement a la silice ont ete convertis directement en proportions de poids , ou 
molaires en utilisant des facteurs de eonversions determines theoriquement. Les facteurs de conversion 
dependent de l'epaisseur et des coefficients d'adsorption de masse de l'echantillon pour les elements anal­
yses . Les effets de l'epaisseur de la particule devenaient signifieatifs au dessus d' -0, I I-tm. Sans utiliser 
les corrections pour l'epaisseur de particule, les proportions molaires moyennes du metal a la silice 
s'accordaient a 6,1,0,5, et 9,7% pres avec les proportions theoriques pour la kaolinite, la pyrophyllite, et 
le tale, respectivement. [D.J .] 
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