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ABSTRACT

Interactions of gaseous NO and SO, with Al;03, SiO,, and iron deposited on Si0p
‘were carried out at temperatures 298, 473, and 673K. X-ray photoelectron
spectroscbpy (XPS) was used in the analysis. .Pure Alp03 and SiO; did not shouw
any reactior with either NO oriSOz at any of the three ‘temperatures. - Iron was’
deposited on SiO; in the metallic state. - Both gases interacted with the
Fe/Si0, system. Interaction increaseéd with increasing iron deposition.  Two
forms of nitrogen were observed ‘when NO was exposed to the Fe/Si0p system at
‘298K. They were identified as nitride and molecularly adsorbed NO. At 473K,
the amount of nitride increased while molecularly adsorbed NO was not observed.
Neither form of nitrogén was observed at 673K. Two forms of sulfur, sulfate
and sulfide, were obsérvgd at 298K on: the SO,/Fe/Si0, system. At 473K, amount
of sqlfide incfeased‘while the amount of ‘'sulfate decreased. -Neither foim of

sulfur was observed at7673K.ff



INTRODUCTION

Various gases like NO and SO, are produced during the coal combustion process.
The removal of these corrosive gases from the combustion stream.is very impor-
tant. In order to understand the combustion stream, it ié necessary to under-
.sténd the reactions which occur between ;hese pollutant gases and the consti-

tuents which would typically be found in ash, such as alumina, silica, and

iron.’

The purpose of this work was to investigate the interactions between gaseous NO
and SO, with Al,03, SiO,, and iron deposited on a single crystal surface of -
Si0O; using X-ray photoelectron spectroscopy (XPS). The exposure levels were on
the qrder of several Langmuirs (1L = 10”6 Torr-sec) for the single crystal
samples, and the results are thought to be representative of the early stages

of the reaction. Based on the results, reaction mechanisms have been deduced.

Various workers (1-6) have studied the adsorption of SO, on alumina_aqd silica.
Physisorption of SO, was found in most cases, and chemisorpti.oﬁ of S0p was
found on the y-alumina (4,5). Interactions of NO with silica and alumina have
also been investigated (7-14). Chemisorption of NO on silica wag‘found only at

200 and 273K. Only physisorptiop was reported in the other systems.

However, none of the studies have dealt with the adsorption NO or S0z at low
coverages in a flow system using XPS. The reactions have also not been inves-

- tigated at elevated temperatures.



Only a few studies are reported on NO arid S0 interaction with iron. None of
the work is reported on the interaction of NO and SO, with iron deposited on
silica. Blydholder and Cagle (17) demonstrated the formation of an SO4 species
on iron by infrared spectroscopy. ' The interaction of SO, with an-iron-film
evaporated onto a sample probe was investigated by Furuyama, et. al (18), at 80
and 300K by XPS. The formation of sulfate and sulfide were observed. 'A'phofo-
electron spectroscopic’obServation of iron surfaces exposed to Nd at 200 torr
‘and 1 atm was carried out b§ Honda ‘and Hirokawa (19) at 273K. The formation of
N, NO, NO,, and NO; was observed on the surface. Infrared spectroscopic
studies (20,21) indicated the formation of NOf on the iron surface. The inter-
action of NO at 5-20 Torr with iron evaporated onto staiﬁless:steei was

studied by Kosaku and Ikeda (22). Howevér, the reactions of NO on Fe or SO5/Fe

have not been carried out at elevated temperatures or at low pressures:



EXPERIMENTAL

The XPS spectra were recorded with a Vacuum Generators ESCA 3 spectrometer.

This system consisted of Separately pumped, liguid nitrdgen traéped, spec-—
trometer, and sample preparation chambers whiEh ;outinely operated in the pres-. -
sure range of 10-9-10f1°~Torr. The spectrometer was operated in the retard- -
ing mode with a pass energy of SO'eV,énd a slit width of 4 mﬁ. The preparation
chamber was equipped with a heated sample probe, an Ar jion etch gun for sample
cleaning, and an evaporator for iron evaporation. The iron evaporator consists
of a tungsten basket around which strips of thin iron foil is wrapped. Evapora-.
tions were carried out using resistive heating. gamplg_charging éccurs on SiOg
during XPS analysis because it is an insulator. Therefore, the charge correc--
tion on Si0, was done by assuming the binding energy of Si(2p) to be 103.7 eV.

This value was established by taking C('s) peak to be 284.6 eV.

The Al5,03 and Si0O, single crystals in these experiments wefe obtained from
Atomergic Chemical Corporation. The Al,03 single crystals were cut to produce
almmx 10 mm x 10 mm sample with a (111) surface. The Si0; single crystals
were cut to produce a 1 mm x 10 mm x 10 mm sample with a (001) surface. The
samples were rinsed with acetone and‘were cleaned further by Ar etching.

Carbon on the surface was negligible after 1/2-hour of Ar etching.

After cleaning the crystals, high purity NO or SO, (both supplied by Matheson)
were transferred from a gas manifold to the preparation chamber using a Varian

leak valve located on the preparation chamber. Gas exposures were carried out



at 298, 473, and 673K. During Ehé'ekbosufes thé géses flowed continuously over

the sample.
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RESULTS AND DISCUSSION

Section I: NO and SO, Exposures of Al,035 and SiO,

After exposing the SiO, surface to 50L of SO, at 298, 473, and 673K, no sulfur
peak was detected in the binding energy region 164 eV to 194 eV; Thug, SO, did
not chemisorb on SiO; at 298, 473, and 673K. This was in agreement with Galan
and Smith (3) and Allen and Burevsk (4) in which it was found that the SOj is

only physically adsorbed on SiOj.

Similarly, sulfur peaks were not observed on Al,03 when it was exposed to 50L
of SO, at 298, 473, and 673K. This was contradictory to the observations made
by Allen and Burevski (4) and Deo et al. (5), in which it was found thét,SOz-

was chemically adsorbed onto Al,03.

When both Al,03 and SiO, were exposed to 500L of NO, no nitrogen peak was
detected in the binding energy region 388.0 to 418.0 eV at.298, 473, and 673K.
Therefore, NO also did not chemisorb on Si0, and Ala0z. These re;ults are in
agreement with the results of Brown and Hall (7) in which they observed reversi-

ble adsorption of NO on alumina.
Section II: Deposition of Iron on Silica
The amount of iron deposition on silica was varied by changing the time of

evaporation. The intensity of the iron peak was used as a measure of the

amount of iron present on Si0, surface. Plot of intensity ratio of the iron



peak to silicon peak versus the evaporation time are shown in Figure 1. It is
clear that the intensity of the iron peak increased with increasing evaporation
time. The binding energies and thé half width values of iron peak are listed
in Table 1. The-binding energies showed little variation during the e?apora-
tion times of 0 to 10 minutes. The half width of 3.4 eV indicated ‘that only
one form of iron was present on the Si0O, system. In order to identify the form"
of iron present on 5102, the binding energies were compared with stand;r& com-
pounds.  The binding eneréy of Fe(Zp) peak on Si0p was closest to the value of
the metallic form on an etched iron foil as shown in Table 1. The binding
energy of iron on Si0, also compared well with the binding energy of metallic
iron reported in the literature (23). Therefore, iron did'n;t interact with
'Si0, and Qas deposited on the SiO, in the metallic form (Fe°) for all éf the
evaporation times. Thé separation between Fe (2p 3/2) and Fe (2p 1/2) did not
‘give a clear distinction between different Fe states as shown in Table 1.

Section IJI: Interaction of NO with Iron Deposited on Silica

Although NO did not react with pure silica when NO Qas introduced to tﬁe iron
on the“silica'system at 298K, two forms of nitrogen were observed és §hpwn‘in
‘Figure 2. The hajdr?nitrdgeh peak appeaféd aréund.396.7 eV, while‘the second
peak appearéd around 400;6 eV. The Fe.(éé 3/2) péak, both before and after the
‘NO exfosu:e, are shownvin Figufe 3. Before exposure to NO, the iron ﬁeak was
narrow and ﬁad a half width equal to 3.5 eV, but after the exposure-the half
width increased to_6ﬂ7 eV. 8Since the broadening of the Fe peak occurred on the
high binding enéfg&‘side,'it was possible that iron was oxidized to Fe'2 or
<Fe+3-state during the NO exposures. The oxygen peak of SiO, appeared around

532 eV. After the NO exposures, a second oxygen peak appeared around 530 eV.
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TABLE 1

Binding Energies of Iron on Si0, as a Furctioii of Exposiire. Tiiie

Exposute Time Binding Erergy ~ Séparation Between Width at Half
(Mintites) _ of Iron (eV) Fé 2P 3/2 and 2P 1/2 __ Maximum (eV)
1 707.0 12.8 3.4
2 707.2 13.1 3.4
3 707.3 13.1 3.4
5 - 710.4 13.2 3.4
-7 706.3 13.2 3.4
10 707.0 13.0 3.4
Standards
Feso, 7134 - 3.0
Unetched Fe Foil 711.6 - .13.5
Etched Fe Foil 708.5 . ¥ 13.3

FeS A - - 713.4 - 13.0
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Figure 3 .

Fe(2P 3/2) Peaks as a Function of NO Exposures on $i0p



The changes in the binding energies and intensities of iron and oxygen peaks as

a function of NO exposures are further illustrated in Tables 2 and 3.

The intensities of the major nitrogen peak at 396.7 eV versus exposuxes are
shown in Figure 4. The intensity reached a saturation value rapidly with
increasing exposures. When the Fe/Si ratio was increased from 0.27 to 2.46,
there was a significant increase invnitrogen intensity. However, the nitrogen|[ . |
intensity did not change when the Fe/gi ratio was increased to 00. Thus,

deposition of iron on SiO; enhanced the adsorption of NO. The intensity of the

second nitrogen peak at binding energy of 400.5 eV did not change with increas-

ing Fe/Si ratio as shown in Figure 5.

When the reaction was carried out at 473K, only one form of nitrogen was

observed at 396.7’eV. The plot of intensity of nitrogen versus exposure at
473K is shown in Figure €. Similar to the results at 298K there was an
increase in nitrogen intensity with increasing Fe/Si ratio. The nitrogen
intensity was also higher at 473K than at 298K. When the feaction was carried
out at 673K, no nitrogen peaks were observed in the binding energy range 388 eV
to 418 eV. The binding energies of the nitrogen peaks at different exposures

are listed in Table 4.

The plots of nitrogen intenmsity versus exposure at both 298 and 473K were
similar to Langmuir adsorption isotherms (24). Therefore, the Langmuir equa-
tion, stated in equation.[1], was used to calculate the nitrogen intensity
(IM) corresponding to a monolayer. The number of nitrogen atoms present at

monolayer coverage (Aﬂ) was calculated using equation [2]. The number of



TABLE 2

Binding Energies and Intensities of Iron Peak
as a Function of NO .Exposures. on Fe/SiO,

0L 2 1L 3L 5L T eL. oL

BE(eV) = I.. -BE(eV) 1 - BE(eV) 1 BE(eV) I BE(eV)'l I - BE(eV) . - 1
T = 208K Fe/Si = 0.27 _
707.9  0.42 707.1  0.30 708.0 0.27 708.2  0.30 707.7. [0.31 708.0, -0.29
©yd* = 3.8 ¥d = 5.3 ¥d = 5.3 %d = 5.3 5d = 5.4 3d = 6.2
- Fe/Si = 2.46
707.5  1.23 706.4  0.99 706.0- 0.89 708.3  0.71 706.7 0.69 707.6  0.64
xd = 2.9 3d = 4.4 %d = 5.0 %d = 5.0 34 =5.0, . % =5.5
Fe/Si = ®
.705.3. . 1.61 705.6  1.25 705.4 1.05 705.6  0.99 705.3 0.92 705.4  1.07
%d = 2.5 ¥d = 4.4 3 =45 . ¥d = 5.0 % ='5.0 3 = 5.3
T = 473K
. Fe/Si = 0.38 | |
' 705.6  0.52 .707.9  0.36 708.9  0.39  708.1  ©0.37° -~ - -  707.6  0.40
3d = 3.2 %d = 4.8 3d = 5.5 . w=53 . . 3d=50
Fe/Si = 1.16 - 4 ‘ ,
706.6  0.83. 707.3  0.59 707.0 ~0.48  707.5 0.52 - . -  707.5  0.54
yd =3.2 % = 5.0 %d = 5.0 4 =5.0 . %d=5.2
Fe/Si = 2.19
706.5  1.16° 706.4  1.01 707.0° 0.96 707.0 - 0.79. - . - .707.1  0.79
=30 . =43 =51 3d=5.1 C :

3d =50

* 44 = Width at half maximum.
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TABLE 3

Binding:Energies and Intensities of Oxygen- Peak
as a Function of NO Exposures on Fe/SiO,

5L

6L

~ OL 1L - 3L : . 72L _

BE(eV) 1 "BE(eV) 1 BE (eV) I°~  BE(eV) 1T BE (eV) i BE(eV) 1

T = 298K

Fe/Si = 0.27

532.6 .2.66 532.5 2.28 - 532.5 2.51 - 532.5 3.00 532.4 2.76 532.2  2.73.

Fe/Si = 2.46 o

534.1  0.85 534.0 . 1.10 533.4 1.03 °'531.7 0.90 532.3 ©0.77 532.0 0180
: 531.6 1.07 530.5 1.30- 529.1 1.07  529.2 1.20 529.2 1.27

Fe/Si = » .

531.9 . 0.34 531.7 0.34 531.3 0.39 531.7 0.46 531.1 0.49 531.2° 0.53

.. 528.4 0.85 528.5 0.91 -528.6 0.98 528.1 1.00 528.2 0.89

T = 473K

Fe/Si = 0.38 .

532.5 2:46 532.5 1.95 533.0 2.01 532.6 1.98 - - 532.2  2.18

Fe/Si = 1.16

532.2 1.5 532.7 1.20 532.2 1.20 532.1 1.32 - - 532[oA 1.36
: 530.3 0.95 529.8 0.83 530.0 0.88 - = 530.0 0.94

Fe/Si = 2.19

532.5  0.85 531.7. 0.89 531.7 0.99 532.4 0.86 - - 531.6€ 0.88

529.1 0.39 529.2 1.02 529.7 1.32  529.6 1.23 - - 529.7 1.24
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TABLE 4

Binding Energies of Nitrogen Peaks at Different
‘ Exposures on Fe/SiO,

1L 3L SL 6L 72L

T = 298K
Fe/Si = 0:27

Si = 1.53  397.1 397.1 397.4 - 397.2  397.0
i, 399.8  400.3 - 400.9,  400.4

Fe/Si =2.46

396.7 396.6 -

Si=0.50.  396.1 397.7  .396.7.. |
: | 401.0  400.7  400.6  400.1: =

Fe/Si = o ,

396.1 396.1  395.9 395.6 395.6

'398.1 398.3 3994 399.1 399.7
T = 473K
Fe/Si = 0.38
Si=1.38  397.3° 400.0  397.9 . - - 397.0 .
Fe/Si = 1.16

397.

Si=0.71

A
\Vog
~
»
<
W
O
o
[}
[0 <]
N
]
w
\c.
Lo~
X

Fe/Si = 2.19

Si = 0.53 396.8 397.0 397.2 - - 397.1




monolayers of iron (NFe) deposited on-the Si0, system were calculated using

equation [3]. The values of ‘I, Ag, éhd'NFe are listed in Table 5.

Where

where

il

Fe

##

e 4

Fe

- .=19-

M

P_ .

I

1
bI, T T

M

Exposure
Constant

Intensity of the N peak

e #Fe . EE
(o) I

N Fe -

Intensity of nitrogen peak

Intensity of Fe peak

Photoelectron cross section of N

4PhotoeIectron cross section of Fe

Number of iron atoms

OgyAgy N Cos ¢ Ire

Ope Mgj I

[1]

[2]

[3]
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. TABLE 5
IM’ Ag and NF:e Values for NO Exposures on Fe/SiO,
IM Ag x 1015 No. zfletoms
N'€ x 1015 BE 396.7  BE 400.6 . PE 396.7 V. BE 400.6 eV
T = 298K | | |
0.30 0.19 0.16 - 0.10 - 0.08
0.66 0.38 0.20 0.14 . ~ 0.08
1.08 0.35 0.16 0.21  0.09
T = 473K - o
0.60 - 029 -- 0.1 -
1.18 ©0.34 - Cea2 -

2.95 ©0.43 == . 0.18 . -




Wkere Ogi

Fe

Fe
Si

Si

—

In order to

binding energies were compared with standard compounds as shown in Table 6.

The nitrogen peak at 396.7 eV compared well with the nitride binding energy.
'Thépsecqnd oxygen peak which appeared after the exposure of NO on the Fe/SiO,
system élgo'coméared well with molechlarl& adsorbed oxygen. It was possible
that NO dissociated on the Fe/SiO, sysﬁem to form iron nitride. Similar dis-
sociation of NO on other group VIII.ele@ents'including, Platinum, Nicke1,<and

- Palladium was observed by prévious workeré (25-29). This dissocigtion reaction

was enhanced by increasing iron on Si0, since there was an increase in nitrogen

=21-

Photo electron cross section of Si

Photo electron

Mean free path of Si

‘Avagadro Number

45°

Intensity of iron peak

Intensity of Si peak at zero Fe coverége

Molecular weight of Si

identify the form of nitrogen present on the Fe/Si0, system, the

cross section of Fe

intensity with increasing iron deposition.
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TABLE 6

Binding Energies of N(1S) Peak
for Standard Compounds

Compound BE (éV)
Fe, (NO3) 5 407.1
Nitrates 407.0-408.0 (Brundle,.1976)_
FeN + Fe,N 397.4 -
Nitride 396.5-398.5 (Brundle, 1976)

Pt -- NO (Molec)
Ni -- NO (Molec)
Nitrosyl
N;trite

NO/Fe/Si0,

401.0 (Bronzgl, et al., 1976)
399.9 (Bromzel, 1976)
400-403 (Brundle, 1976)
404-405 (Brundlg, 1976)

396.7 |

400.6
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When the reaction was carried out at 473K, there was an increase in thé;intens-
ity of nifrogen at 396.7 eV. Thus, the dissociation reaction was enhanced by
increasing the temperature to 473K. When the temperature was increased to
673K, no nitrogen was bbserved; howe&er, adsorbed oxygen was_stili'obscrved;
‘i; is bossible that éd$orbed nitrogen recombined toiform N;‘and‘desorﬁed from

the surface at 673K. Analysis of the desorbed products would be necessary to -

verify the reaction .mechanism.

The second form of nitrogen observed at 298K compared well with the molecularly
adsorbed NO. 'Since this form of nitrogen was not observed at 473 or 673K, it
was possible that the molecularly adsorbed NO was desorbed from the surface at

-elevated temperatures.

-Based on the XPS data, the reactions:of NO‘with Fe/Si0, can be summarized as

follows:
T = 298K
 Fe/Si0, . o L | N
¥o o > 'Nads N Oads ' ' ' M . (41
Fe/Si0, A
NO + NO ' (5]

ads



T = 473K
. FE/SiOZ o
NO. ? Nads * 0ads
T = 673K
Fe/SiOZ ‘
' Nads ¥ Nads > N,

Section IV: Interaction of SO; With Iron Deposited on Silica
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_ Although pure silica did not interact w1th SO, when the iron on silica system

was exposed to SO, at 298K two forms of sulfur were observed at 162.5 eV and .

168.1 eV as shown in Flgure 7. The major peak was at 168.1. eV.

Broaden1ng of

' the oxygen peak and the iron peak on the Fe/5102 system was - also observed after

SO, exposure. The changes in the b1nd1ng energies and the 1nten51t1es ‘of iron

-and oxygen are listed in Tables 7 and 8.
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‘TABLE 7

Binding Energies and Intensities of Iron Peak

as a Function of SO, Exposurcs on Fe/SiO,

6L

OL L 7L 4L 12L
B.E.(eV) I _B.E.(ev) I B.E.(eV) I B.E.(eV) I_ B.E.(eV) I __B.E.(eV) I
T = 298K o
Fe/Si = 1.56 706.3 1.28 707.0 0.97 706.4 0.62 707.0 1.0 707.1 0.8 707.5 0.91
Si = 0.82 %% = 3.0  %d = 4.0 - %d = 4.0 %d = 4.0 ¥d = 4.5 ¥d = 4.5
Fe/Si = 196 705.7 1.06 706.2 1.16 707.2 0.92 707.3 1.05 - - 707.3 1.08
Si= 0.43  %d = 3.0 % = 4.0 d = 4.0 bd = 4.0 - 4d = 4.0
T = 473K : A
Fe/Si = 1.58 706.8 1.15 706.8 0.89 706.6 0.84 706.6.1.02 - - 706.7 0.85
Si = 0.73 ¥ = 3.0 dd=3.1 -%d=4.00 %d=4.0 1d = 4.0
Fe/Si = o 706:8 1.25 706.3 1.35 706.5 1.26 706.3 1.30 - - 706.4 1.34
% = 3.0 3d = 3.0 ¥d = 3.2 3d = 3.2 - %d = 3.5

* 44 = Width of half maximum.
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TABLE 8

Binding Energies and Intensities of Oxygen Peak
as a Function of S0, Exposures on Fe/Si0;

oL - 1 3L L 6L 12T
B.E.(eV) I B.E.(eV) I B.E.(eV) I B.E.(eV) I _B.E.(eV) I B.E.(eV) I
T = 298K '
Fe/Si = 1.56 531.8 1.06 531.9 1.43 5307 1.27 530.7 1.57° 531.8 1.34 532.3 1.62
Fe/Si = 1.96 -531.4 0.82 531.0 1.23 531.5 1.09 530.7 1.02 -+ -  530.6 1.09
532.5 1.23 532.1 1.27 - - 532.0 1.45
T = 473K
Fe/Si = 1.58 532.3 0.96 532  0.96 532  1.06 532.3 1.42 - - 532 119
= o -

Fe/Si

530.8 1.50 530.5 2.18 530  2.29 530.7 2.94 -

530.7 2.39




The intensify of the major sulfur peak, at a binding energy of 168.1 eV, versus
exposure is shown in Figure 8. The intehsity increased slightly with incfeas-_
ing iron deposition. When the temperature was increased to 473K, there was a

significant decrease in the sulfur intensity, as shown in Figure 8.

The intensity of the sulfur peak at a binding energy of 162.5 eV versus expo-
sure is shown in Figure 9. At 298K, there was no change in intensity of sulfur
when the Fe/Si ratio was changéed from 1.56 to 1.96. When the temperature was
increased to 473K, there was an increase in sulfur iﬁtgnsity in contrast to thé
behavior of the sulfur péak_at 168.1 eV as shown in Figure 8. Neither‘of the.

sulfur peaks was observed when the'feéction was carried out at 673K.

The binding energies of the sulfur peaks at different exposures are listed in
Taﬁle 9. ‘The.plots'of the sulfur intensity versus exposure were simila; to
Langmuir adsorption isotherms (24). Théréfore,_the Langmuir equation stated in
'_ equation [1] was qsed_to‘calcui;te fhe intehsify (IM) of sulfur at monolayer
coverage. The ﬁumber of sulfur atoms present at a monolayer coverage (Aﬁ), and
the numbef of mpnoléyers of iron NFe deposited on Si0O, were calculated using

the procedufe described in Section'III. Values of IM’ As

y? and NFe are listed

in Table 10.

In order to identify ihe form of sulfur present on the Fe/SiO, syétem,'the
binding energies were compared with the standard compounds shown in Table 11.
The peak'at 162.5 eV compared well with sulfide. Therefore, it was possible
that SO, was dissociated into sulfur and oxygen on the Fe/Si0, system. Similar‘

dissociation of SO, was.repofted by Furuyama, et al. (18), for iron deposited
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TABLE . 9

Binding Energies (eV) of Sulfur Peak as
Function of SO, Exposures on Fe/Si0,

1L 3L 4% 6L 12L
T = 298K
Fe/Si = 1.56 167.4 169.7 167.7 167.9 167.6 .
| 162.5 163.7 161.6 162.4 162.5
. Fe/Si = 1.96 168.5 167.9 169.6 - 167.3
o . 161.8 '162.1 - 162.0
T = 473K
Fe/Si = 1.58 . 167.0 166.5 - 167.0 - 167.0
' 161.7 161.8 162.3 - 161.5
Fe/Si = o 167.0 167.5 167.0 - 167.0
161.4 162.0 161.7 - 161.8

. 2:8-2-83:pb:5a36
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TABLE 10
IM’ Aﬁ, and NFeralues for SO2
. ‘ on Fe/Si0, System. ..
| | | Iﬁ o 1 Aﬁ < 1015 No. gizAtoms

NFe x 1013 BE 168.1 eV BE 162.5 eV BE 168.1 eV BE 162.5 eV
T = 298K

0.39 0.33 0.21 ‘ 0.12 0.08

0.47 . 0.32 0.22 - 0.12 0.08
T = 473K

0.42 0.14 0.24 0.05 0.09

0.46 0.18 0.10

0.27 : 0.07
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TABLE 11

Binding Energies of. S(2P) Peak

of Standard Compounds

’ StZP)

S0,/AU at 80K .

S0,/Fe/Si0,

Compound (ev)
CaS04 169.9 .
»césoa 1168.9°
FeSOy4 168.6
FeS 161.0
' Fe,(504); 168.4

167.4 (Furuyama et al., 1978)
162.5

168.1
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on a tungsten‘filament.f Since the intensity of this sulfur peak increased when
the temperature was increased to 473K, there is more dissociation of Sdz at
- 473K on the Fe/SiO, system. . When temperature was increased to 673K, the sulfur

peak at 162.5 eV was not observed. It was possible that the adsorbed sulfide

was desorbed at 673K.'_

The other form of sulfur, observed at a binding energy of 168.1 eV, compared'A
well with sulfate, However, a clear distinctioﬁ between SOZ, S03, and 304 can?-.
_not be made based on binding energy. The iron sulfitg form is not a very stable.
compnﬁnd. Therefore adsorbed sulfur is more likely to be suifate. Sulfate
formation on iron was previously observea.By Furuyama, et al. (18). Stinespring
and Cook (30) observed sulfate formation when SO, was introduced on Ca0. This
sulfate form of sulfur decreased at 473K and was completely removed from‘theA

- surface at 673K. .

The reactions of S0, on the Fe/5i0, system bzsed on XPS data van be Summatizéd

as-follows:_b

T = 298K

0, » S, +0_,_ : R - _ 9]

S0, + 20, > S04 - o]
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‘Ag AZSK,,rcactioh'[Q] increased ﬁhile thg‘reaction’IIO] decreased. The two

adsorbed products, sulfide and suifate, were completely desorbed at 673K..
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