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ABSTRACT -

Auger electron.spectroscopy has been-used to sfudy K-feldspar that has
been reacted with both aqueous 10% HF and a 50% mixture of a 10% HF/0.1 N
Héso4 solutién. In the feldspar/HF system, the resulting feldséar
surface was shown to have been fluorinated; depth profiling, using . argon

ion sputtering, showed the fluorination to have occurred substantially into

- the mineral bulk.  In the feldspa;/HF/HjSQ4 system, thé.resulting

surface contaihed both fluorine and sulfur. The fluorinationbhad again
penetrated into.the bulk, but the sulfur could be-removgd with mild argbn v
ion sputtering. The Al/F signal ratio was much lower on the feldspar
surface treated with the 10% HF/0.1 N HpSO4 solution than the féldspar

surface treated with the weaker 10% HF acid solution.



INTRODUCTION

A considerable interest has been expressed recently in experimental
studies simulating dissolution kinetics and mass transfer rates of silicate
mineral weathering. One problem which has arisen in such experiments
has been the preparation and characterization of silicate surfaces which
are representative of natural weathering processes. The work of HOLDREN
and BERNER (1979), GRANDSTAFF (1980), and HOLDREN (1981) has shown that a
distortion of the surface structure and the creation of fine particles
during grinding and crushing of silicates have lead to anomalous experi-
mentél results, Previous studies citing parabolic dissolution rates'for
:crystalline silicates may have resulted from such sample preparation
effects. One recent approach to solving this problem has been to leach the
crushed silicate with hydrofluoric acid (HF) to remove both the distorted
surface layer of particles and the adhering microparticulate matter on the
surface (HOLDREN andeERNER, 1979). Leaching with HF has also been used by
WHITE (1982) to depth profilé the surface layers of glassy silicates and by
BERNER et al. (1979) to simulate natural dissolution features in pyroxenes

and amphiboles.

In an ongoing study of the effects of weathering reactions on silicate

surface éhemistry, a significant decrease has been noticed in the sorption
capacity of minerals treated with Herelgtive tévuntreated samples. The
question therefore arises‘as to the. possible effects.of HF treatment on
silicate surfaces, in particular irreversible surface reactions between
silicate aﬁd fluoride which may influence experimental kinetic studies.
The present report describes a preliminary Auger surface study of the
poténtial influence of the HF and HF/H;SO4 reactions with new K-feldspar

surface . layers that result from this chemical interaction. The Auger
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technique has been coupled with argon ion etching in an attémpt to determine

the depth of migration of the fluoride ion into the mineral bulk.

EXPERIMENTAL

K-feldspar samples were obtained commercially (Wards Natural History
Establishment) and gave the foilowing bulk analysié (percent by weight):
FeO, 0.010 * 0.001; A1303, 21.2 % 0.2; Ca0, 0.48 * 0.05; Naz0, 3.7 * 0.2;
K,0, 9.0 £ 0.2; Mgo, 0.010 * 0.001; Sio;, 65.0 * 0.2; H50, 0.13 * 0.01;
total carbon 0.026 * 0.005; total sulfur, 0.003 * 0.001; inorganic carbon,
0.005.%* 0.005. The éamples were then chemically treated in the following
two ways that are similar to that of HOLDREN and BERNER (1979). The first

stirring. It was removed from the reaction solution énd washed several
times with jets of distilled, deionized water. It was then dried in ai?l
overnight at approximately 100°C. Thé secpnd sample was prepafed in the
same mannervexcebt that the originai reaction solution Qas a 50% mixture of

aqueous 10% HF and 0.1 N HySOy4.

Auger spectra were recorded using a working vacuum chamber pressure

of approximately 10~2 torr on a Physical Electronics Industries Model 590

scanhing Auger microprobe. Samples were studied using a primary beam energy

of 3 keV and a primafy beam current of 0.12 UA; these experimental parameters

were found to minimize charging and specimen damage while yielding an accept-

able signal-to-noise ratio. The peak-to-peak modulation in the lock-in

" amplifier was 6 eV throughout.

b
RESULTS AND DISCUSSION

The Auger spectra of K-feldspar "as received", treated with 10% HF, and

treated with a 50% mixture of 10% HF/0.1 N HySO4 are shown in Fig. 1 and 2.




- Figqure 1 shows the resulting Auger spectra of the feldspar sample that:
was treated with only the 10% HF solution. figure 1a is a survey Auger
spectrum (0-1000 eV) of the untreated, "as received," feldspar sample.
After treatment with hydrofluoric acid, howeve:, several major chaﬁges
appeared in the spect;um (Fig. 1b). The surface.concentration of potassium
decreased dramatically (see Table 1) as shown by the O/K ratio. Sodium,
which was not detectable on the original surface layer, was thén quite
visible. (It should be remembered that this chemical treatment removes
layers of the feldspar sample; what is being observed spectroscopically,
then, is the chemical state of the remaining surface). Additionally; the
fluoride ion could also be detected on the new surface. Argon ion sputter
etching, performed at the rate of 600 A/min; relative to Taj0Og, was then
used to depth_profile the sample. After 15 sec. of sputtering (Fig. 1c),
the concentration of fluorine had diminished; after 30 sec (Fig. 1d), the
fluorine concentration was even lower. The sodium content, on the initially
HF-etched sample and on the subseqﬁéntly argon ion-sputtered surface,
remained fairly constant.

Similar results were also observed for the sample subjected to the
HF/HS0y4 (Fig; 2). The major difference was the lack of éodium observed
on the subsequent spectra of the acid-etchedvsurface, presﬁmably due to
exchange in the much stronger acid solution. The fluoride was very evident
on this treated surface, too, but the concentration of the fluoride ion,
which was initially much greater on the surface of this sample than the
feldspar sample treated with 10% HF alone, diminished as the ion-sputterihg
proceeded into the mineral bulk. In addiﬁion to the fluoride ion, sulfur
could also be detected (Fig; 2b). The sulfur, however, had not migrated

into the bulk of the feldspar to as great an extent as the fluorine and



Y

was completely removed with only light ion-sputtering (Fig. 2c); after

30 séc of sputtering, there was no remaining trace of the initially
observed sulfur (Fig. 2d). The Al/F intensity ratio for the surface of
this sample was also markedly lower than it was for the éurface of feldspar

treated with HF alone; the Si/F ratio was somewhat similar in going from

‘the feldspar/HF to the feldspar/HF-HpSO4 system. Thus, it appeared that

in the stronger HF/H5S04 acid, more aluminum was lost from the surface than
silicon. This is in agreement with those results reported for dissolution
of glassy silicates (WHITE, 1982),
The sample depths being observed in the spectra of the argon ion
sputtered’samples in this study could not be determined accurately, since
sputterjetch profiling rate data for feldspars are not available. The . - B
profiling rate for quartz, howéver, is approximately 30% of the rate of. ’ R
Tazdsv(TAYLOR, private communication), or 180 A/min for the sputtering

rate used here. Assuming a similar rate for feldspars, a 30 sec argon ion ~ g

‘bombardment would be equivalent to a penetration of about 90 A into the _ g

mineral bulk. While it should be emphasized that the feldspar value will
prbbably vary somewhat from that of quartz, it would still represent a

45 A/30 sec value at even half.the rate of quartz. When one then considers
the 16—15 A mean freevpath qf the emitted electronsvfor the 300-800 eV
range (ALLEN; 1978), a 30 sec sputtering period.would represent a fouéhly
60 A depth that is being observed with respect fo the fluorine Auger
signal. It must also be remembered that elemental sputtering vields are
different; this can result in altered surface layers enriched in elements
thaf exhibit low sputtering yields (HOFMAN, 1980). In any case, however,.

the sputtering rate for feldspar will have to be known with certaihty



before the depth of penetration for the fluoride ion in this reaction
system can be accurately determined.

Clearly such HF treatments complex the surface in a manner that might
be difficult to reverse; the extent of this chemical alteration is a
function of the time of surface treatment and the concentration of the acid
system being used. It is therefore suggested that such a treatment either
not be applied to studies involving sorption measurements on silicate
mineral surfaces or that this chemical treatmenf be extensively studied in
order to thoroughly understand its effect on silicate mineral dissolution
kinetics.

Current research in this 1abdratory is extendihg the present investig-
ation of feléspar/aqid interactions to incLude.the use of x-ray photelectron
spedtroscgpy in conjunction with the Auger technique,ih order to attempt to
identify the surface species involving sulfur and.fluorine. The identific-
ation of potential complex anionic species such as SiF62' and'AlF63‘ will
-also be facilitated using combined binding energies/Auger kinetic energies
:(Auger parameters) (TAYLOR, 1981)., Additionally, other surface approaches
such as secondary ion maés spectrometry will be used in order to attempt to
partition the contributions of various species to the total elemental con-
tributions in the spectra (for example, what are the relative contributions
of lattice oxides and surface hydroxides to the Auger oxygen spectra?, of.

F~ or SiFéz“to the Auger fluorine spectra?)
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Table 1. Elemental Auger line intensity ratios for
feldspar and acid-treated feldspar

Feldspar Sample 0/Si o/K O/Na Si/Na Si/F Al/F Si/al
I Untreated 6.4 3.5 * * * * 1.8
II Treated with 5.5 23.4 15.6 2.8 1.8 1.1 1.6 v
10% HF
I1I Treated with 6.5 30.9 14.5 = 2.2 2.2 " 1.5 . 1.5

10% HF, ion
sputtered for-
15 sec

IV’ Treated with 4.3 29.9 14.1 3.2 3.9 1.6 2.4
10% HF, ion
sputtered for
30 sec

V  Treated with 5.4  14.3 * * 1.0 0.4 2.5
10% HF/
0.1 N HySO,4

Vi Treated with 4,7 14.0 * * 2.1 1.1 1.9
10% HF/ ' '
9.1 N H,S04,
ion sputtered
for 15 sec

VII Treated with
"10% HF/ 5.2 7.9 * * 2,6 1.8 1.5
0.1 N.H,80,,
ion sputtered
for 30 sec

.*One of the elements not detected 7



Figure 1.

" Figure 2.

FIGURE CAPTIONS

Auger spectra of HF-treated K-feldspar. a) untreated, "as
received," b) treated with 10% aqueous HF for 20 min., then
washed with distilled, de-ionized water, c) HF-treated sample
after 15 sec argon ion sputtering, and d) HF-treated sample
after 30 sec argon ion sputtering. '

Auger spectra of HF/H,SO4-treated K-feldspar. a) untreated,
"as received," b) treated with a 50% aqueous mixture of 10% HF
and 0.1 N H2504 for 20 min., then washed with distilled,
de-ionized water, c) HF/H,SOy-treated sample after 15 sec
argon ion. sputtering, ‘and d) HF/H,80,~treated sample after

. 30 sec argon ion sputtering.
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