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In the present work we have investigated the relative volatilities of K, Na, Al and Si in the albite-orthe 
clase system under high-temperature pulse heating simulating an impact vaporization process. We have prepared 
seven samples with various proportions of albite to orthoclase and performed high-temperature vaporization using 
a powerful laser pulse. Condensed products were collected and analyzed. The main results of the experiments are: 
1) the volatility of alkalis is smaller than the volatility of Si; 2) K is less volatile than Na and its volatility decreases 
with increasing orthoclase content of the target; 3) volatilization proceeds with formation of a nepheline type 
molecular cluster (Na:Al: Si=l: 1: 1) gving a condensate composed mainly of nepheline and Si02 components. 

The decrease in activity of K during evaporation of various aciQc silicates was discovered using vacuum 
furnaces and Knudsen cells decades ago [1,2,3,4]. Activities of Ab and Or in the melt are the same [4] except in 
melts with low concentration of Ab (XAb<0.2) whch show higher Ab activity. This difference decreases with 
temperature and is not valid at T>1500°C. Thus, the chemistry of K and Na does not affect each other at high 
temperatures. The aim of this research was to investigate the relative volatility of Na and K in the Ab-Or system at 
hgh  temperatures. We also wanted to test earlier observed correlations in volatility of Na and Al [5,6]. 

Seven samples were prepared from sanidine powder by ion exchange reactions at 950°C from Na- and K- 
chloride melts. Composition and structure of samples was tested by X-ray Mactometry and recalculated for Ab- 
Or proportions. The chemical composition of samples (in at.%) was: (Na+K) - 7.7, Al - 7.7, Si -23.1, 0 - 61.5. 
Target samples were prepared by pressing of powder components. They were vaporized by a laser beam pulse, 
which was focused to a spot of about 2 mm, in a hermetic cell filled with air at atmospheric pressure and room 
temperature. The procedure was the same as in [5,6]. The condensate was collected on a Ni-foil which was placed 
in the path of the spreadmg vapor cloud about 6 cm away from the sample. The condensed film was analyzed using 
X-ray photoelectron spectroscopy (XPS). The accuracy of measuring the position of the electron binQng energy 
(BE) was 0.1 eV. The condensed film was etched layer by layer by Ar ions with a step ranging from 100 to 400 A 
and for every layer XPS analysis was performed providing a chemical profile of a cross-section of the film. 

Chemical bulk compositions of condensed films are presented in Table 1. XPS spectra of the Si 2p line 
showed two dlstinct states of silicon in every condensed film. Most Si atoms had a Si 2p electron BE of 103.6 eV 
which indicate their state as Si02 (Phase Q). The second state of Si has a BE of 102.1 eV (Phase N). Talung into 
account that aluminum in all condensed films has a BE of Al 2p electrons of 73.3 eV, the only possible state of 
Phase N silicon is a nepheline type molecule. This conclusion is supported also by the correlation of Phase N 
silicon, Al and Na close to 1: 1: 1 (Table 1). Fig. 1 shows the correlation of Na and Al through the cross-section of 
the condensed film in the 4th experiment with sample Ab560r44. The same correlation is present in cross-sections 
of condensates from other samples. Such a NaIA1 correlation in layers of condensed films also speaks for their 
volatilization in a joint molecular cluster and coincides with our former results [6]. An analogous effect was found 
by Nagahara and Kushro [7,8], who investigated the evaporation of plagioclase (An77) in a vacuum furnace at 
1200-1475°C for 6-120 hours. They also reported nepheline type proportions of composition in the vapor 
(Na: Al: Si=l: 1: 1). They have proposed that the albite component of plagioclase is vaporized as: 

N A S i 3 0 8  melt = N A S i 0 4  vapor + 2Si02 melt . 

Thus, our Qscovery of nepheline and quartz type components in the condensates also supports the proposed scheme. 

It is noteworthy that Al, being a refractory element, becomes volatile due to its transportation in a mole- 
cular cluster. In bulk analyses of condensed frlms the average concentration of Al is lower than in initial target 
samples. However, the front portions of the condensate, whch have been precipitated in the deepest layers of 
condensed film pig .  1) and which were formed from unaltered sample and at higher temperatures than later 
portions (due to the energy output profile of the laser), always have hgher concentrations of Na and of Al, which 
are also higher than in initial target samples, so that Al has to be considered here as a volatile element. 

Concentration profiles of K in condensed films do not show a correlation with Al or Si. We find only a 
weak interaction of K and Al. Only at low Na-contents a correlation of the sum of (K+Na) with Al and Phase N Si 
indicates the possible participation of K in nepheline type cluster formation. Probably K volatilizes separately, but 
in some cases it participates in cluster formation, while Na shows a more or less distinct interaction with Al. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1466 LPS XXVII 

HIGH-TEMPERATURE VAPORIZATION w THE AB-OR S Y ~ M .  Yakovlev, 0. I. et al. 

Another effect which we found in our experiments is the dependence of the relative volatility of K and Na 
on the Ab-Or proportions. Fig. 2 represents the K/NA ratio in the condensates normalized to the same ratio in 
target samples versus concentration of Ab component in the sample. The volatility of K dstinctly decreases relative 
to Na at hgh Or concentrations. In nearly all experiments K/Na is smaller than in target samples indicating that K 
is less volatile than Na. Only at low Or concentrations the ratio is close to unity which means that their relative 
volatilities are about the same. In all cases the absolute concentration of K in the condensates is less than in target 
samples supporting the observation of low K volatility from feldspar melts to be valid also at hlgh temperatures. 
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Table 1. Bulk compositic 
K 

Target 
Ab96 Or4 
Ab80 Or20 
AbSO Or20 
Ab56 Or44 
Ab56 Or44 
Ab56 Or44 
Ab36 Or64 
Ab27 Or73 
Ab17 Or83 
Ab3 Or97 

1 of the condensed films (at.%) for targets of various AbOr pi portions. 
Na 1 A1 I Si 
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Fig. 1. Profiles of concentration of elements (in atom%) Pig. 2. K/Na ratio in condensates relative to that of target 
through the thickness of condensed film fiom an Ab560r44 samples versus Ab component in Ab-Or feldspar targets. 
target. Concentrations are given versus the depth in the con- 
densed film in thickness %, beginning from the s d c e .  
Analyses for the surface are omitted 
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64.5 
62.5 
62.6 
61.8 
62.5 
63.3 
62.9 
63.1 
62.9 
63.2 

Phase N Phase Q 
4.3 
4.0 
4.6 
4.9 
5.1 
5.0 
4.9 
4.8 
4.9 
3.8 

23.0 
21.8 
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20.2 
20.3 
20.9 
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22.7 
23.6 


