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Investigation of NH4OH on Zircaloy-4 Surface using Photoel ectron Spectroscopy

Hye Yoon Jung

Graduate School of Education

Pukyong National University

Abstract

The interaction of Ammonium hydroxide (NBH) with Zircaloy-4 (Zry-4) was
investigated using X-ray Photoelectron Spectrosc@fyS) and the surface cleanness was
checked by Auger Electron Spectroscopy(AES). Ineprtb study surface chemistry of
NH4OH/Zry-4 system, the binding energies of N 1s, @Gid Zr 3d electrons were monitored.
The N 1s peak intensity remarkably increased falgwcycles of argon ion sputtering after
NH4OH dosed onto Zry-4 surface at room temperaturadms the nitrogen stayed under the
surface region was diffused out onto the Zry-4 aef But, the surface oxygen was diffused
into the bulk or desorbed out until Ztuence was 6.0 x TOAr'/en?: Therefore the O 1s peak
intensity was decreased by stepwisé #puttering. After many cycles of Asputtering, the
peak intensities of Zr 3d peaks were not changedh®i shapes of the peaks were clearly
changed. This implies that the oxidation stateiafonium is changed during Asputtering.
The Zr 3d peak intensity of zirconium nitride (Z)Nncreased as the intensity of N 1s (from
zirconium nitride) increased but the Zr 3d pealemsity of zirconium oxide (Zr¢) decreased
due to depopulation of the hydroxyl ion. The‘“Z'rntensity was nearly same after "Ar
sputtering processes but the peak intensity of lfiee&rconium increased compared to that

of before the sputtering process because the gwfas relatively clean.

Vi



I . Introduction

The alloys of zirconium have been developed for asecladding material and
structural material in nuclear reactors becausé¢heir low thermal neutron cross

section and the corrosion resistance [1-8].

227 Ozy 2Hf ®re | "Ta

Melting point (K) 1933 | 2128| 2500, 1808 3270
Boiling point (K) 3560 | 4682 | 4875 3023 5698
Thermal conductivity (W/m.K) 21.9 23.0 23.0 80.0 57.6
Linear expansion coefficient (K-1) 8.9X105.7x10° | 6.0x10°| 1.2x10 | 6.5x10°

Thermal neutron cross-section (bars)

6.1 0.2 106.3 2.6 22
[1 barn = 1 x 10-24 cm2]

Table 1 Comparison of physical properties of Grdlpmetals, iron and tantalum [9].

Zr-alloys are also known ‘to dissolve large amouritsoxygen and hydrogen
[10-15] and the interactions of these species ersthface and zircaloy surfaces are
considered to control the environmental degradatiotme alloys [16-18]. According
to the fact that these alloys usually cause enritnt of the structural components.

The reprocessing of spent nuclear fuel can invbigh concentrations of nitrate,
ammonium, peroxide ions and other reactive spesigh as chloride [19] and
Zircaloy-4 (Zry-4) is often used to construct thentainment vessel for these and
many other chemicals in engineering application8].[Zhe contact of oxygen,

nitrogen and hydrogen containing species with fscégs common to these industrial



uses of zirconium, and understanding how these iespechemically react on
zirconium surface is important for technologicabgress in the nuclear and chemical
engineering communities [21].

Removing impurities from the surface and subsurfagéons of zirconium and its
alloys has always been a challenge. Cleaning zwoonand its alloys are
exceptionally difficult since high-temperature aaliry of zirconium-based materials
results in the dissolution of surface oxygen, carlpp7] and nitrogen atoms [21].

Consequently, a number of group studied the behafitl,O, DO and NH on
the alloys of zirconium [21-25]. Despite the fattat many results have been
published on the subject, little is known aboutsbeace chemistry of NWDH which
is using for pH controlling reagent [26] on zircomi-based materials in nuclear
industry. However these are relevant issues duket@ettering nature of zirconium
for oxygen and nitrogen segregation from the balkhe near-surface region at high
temperature [27]. In addition , much of the wornkéstigating the interaction of
ammonia on the latter transition-metal surfacesdwaentrated on N¢-hdsorption
states; comparatively little is known about thertied chemistry of ammonia on
those surfaces [28].

The argon ion sputtering effect was investigateer&f0 Langmuir (1 L = 1.0x10
torr s) of NHIOH dosed on Zry-4 surface by using XPS and therptisa of NH,OH
dosed on Zry-4 surface, in particular C, N, O amd Zt a temperature relevant to
nuclear application (893K). AES experiments werendumted under ultra-high

vacuum conditions and check the surface cleanness.



II. Theory

2.1 Auger Electron Spectroscopy

2.1.1 The Auger process

In Auger electron spectroscopy(AES), -electrons detected after emission
from the sample as the result of non-radiative yesfhian excited atom in the
surface region. An inter-atomic process in the potidn of an Auger electron
is shown in ‘Figure 2.1. The atom is raised into excited state by the
creation of a core hole, as a result of an intevacwith either an incident
X-ray photon or high energy electron. An electrdrert falls in energy from a
higher level to fill this core hole, and the excemsergy is carried away as
the kinetic energy of a further electron which isiteed from the atom. The
use of the electron beam as the primary methodxoftadion in AES gives
the technique one of “its “most = powerful attributesamely high spatial
resolution. The beam can be scanned, as in thenisgarelectron microscope,
and, by tuning the analyser to detect Auger electfimom the elements of

interest, compositional maps of surface conceomatian be built up.
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Figure 2.1 Energetic of the Auger process.

Currently, the state of the art limit of resolutias in the range 50-100
nm, although much useful work is carried out witbaim diameters around 1
wm. The sum of the total Auger yield and .the . fluosssm®e yield is unity,
since an excited ion can-relax by either Auger tedec emission or Xx-ray
emission. Auger electron emission is the more glebalecay mechanism for
low energy transition, i.e., for low atomic numlkeements with an initial vacancy
in the K shell and for all elements with initialcaancy in the L or M shells. The
variation in Auger and x-ray fluorescence yieldghwatomic number for initial
vacancies in the K, L and M shells is shown in Fg®2.2. By choosing an
appropriate Auger transition, all elements (exdépand He) can be detected with

high sensitivity.
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Figure 2.2 Auger and x-ray fluorescence yields as a funadibatomic number. The

solid lines show Auger yields; the dashed linamriéscence yield.

2.1.2 Auger electron energies

The observed energy of an Auger transition is liest approximated with
reference to Figure 2.1. Note that the energy scaleeferenced to the Fermi
level. The primary electron must have sufficientergy to ionize the core
level of energy k. An electron at energy «Ek fills the initial hole and the
energy liberated in this process is transferredamo electron at El. which is
then ejected into the vacuum. This electron mustravme the work function
of the sample, @, to be released into the vacuum; hence the kirariergy is

reduced by this amount. The vacuum level is constad electrical contract between



the sample and the analyser leads to alignmentheif Fermi levels. Thus it is
actually @ that must be subtracted from the energy of thetreledo arrive at the
final kinetic energy

Exie = Ex - ELy - ELi2 - @

2.2.3 Auger surface sensitivity

Electrons emitted in the solid must be transpotiedhe surface in order to
escape the solid and be analyzed. Such electrong umalergo scattering
events by interaction with the electrons in theidsoThese  interactions depend
on the energy of the transported electrons and henmatrix electron density.
The surface sensitivity ~of Auger electron spectpsc arises from the
relatively short inelastic mean free path for Augelectrons. The inelastic
mean free path is seen to increase with increakingtic energy and decrease
in matrices of increasing average atomic number.

Figure 2.3 illustrates the interaction of an incident electrbeam with a
solid sample. The size and shape of this intenactiolume is dependent on
the primary beam energy and the sample materiak Eardrop shape shown
here is typical for high primary electron energiggident on low atomic
number material. As the atomic number increase loe €lectron energy
decreases, the interaction volume is reduced ammbasp more like a sphere
subtended by the surface. Figure 2.3 shows the omegifrom which
characteristic Auger electrons, secondary electravaskscattered electrons, and

x-ray photons emerge [29].
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Figure 2.3 The interaction between an incident electron beam a solid
sample, showing the analysis volumes for Augertelas, secondary

electrons. backscattered electrons, and x-ray dkeance.

2.2 X-ray Photoelectron Spectroscopy

X-ray Photoelectron Spectroscopy (XPS) is oneelettron spectroscopies, in
which an excitation leads to the ejection of arcteten from the solid. The basis of
the technique lies in Einstein's explanation of pietoelectric effect, where by
photons can induce electron emission from a sotavided an X-ray photon of
energy fwv). The energy of the emitted photoelectrons is draadysed by the electron
spectrometer and the data presented as a grapiteosity versus electron energy -

the X-ray induced photoelectron spectrum.



Applying the principle of energy conservation (&&in's photoelectric equation),
one may estimate the kinetic energy of emitted g¢lettrons (kn):

kiE=hy - (Es+ @)

whereh vy is the photon energy,

E is the binding energy of electron in solid
@ is the spectrometer work function.

The kinetic energy () of the electron is the experimental quantity
measured by the spectrometer, but this is dependenthe photon energy of
the X-rays employed and is therefore not an initingmaterial property. The
binding energy of the electron {E is the parameter which identifies the
electron specifically, both in terms of its pareslement and atomic energy
level. The relationship between the parameters lwedbin the XPS experiment
IS :

Ee = hy -Euwn- 0
The process of photoemission is shown schemigticalFigure 2.4, where an

electron from the core level is ejected from tlmwrata 1s core photo electron).



1s core
photoelectron
—
.K EKIN
\ Vacuum level —
Fermi level —f5——
Valence band
2p Los
€
2s ® ® L,
Primary
electron
1s L O Core K —_—

Figure 2.4 X-ray excitation of a 1s core level.

The electron energy distribution [the number ofcetens detected 'N(E)' as a
function of their kinetic energy] can be measureing an electrostatic energy
analyser consisting of two electrically isolatedneentric hemispheres with a
potential difference between them, as shown infigéig2t5 The electrostatic field
separates electrons by allowing only electrons ohasen kinetic energy (the 'pass
energy') through to the detector (continuous likghile it is the kinetic energy of the
outgoing electrons that is measured, spectra ar@lyslisplayed on a binding energy

scale to allow ease of elemental identification][30
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Figure 2.5 Electrostatic energy analyser used in electron/ion

spectroscopic analysis of surfaces.



III. Experimental

3.1 Auger electron spectroscopy of NH4sOH on Zircaloy-4

3.1.1 Experimental apparatus

Experiments were conducted in a stainless-steathityh chamber (base pressure
~1.0 x 10" torr) in this work. The system consist of two s@pe chambers isolated
by gate valve. Most of the analytical tools werei$ed in the main chamber . These
include a combined low energy electron (LEED) anehér electron spectroscopy
(AES) system, a quardruple mass spectrometer (FMSemperature programmed
desorption (TPD), study an Argon ion sputtering gon sample cleaning. The
vacuum chamber was also equipped with a maniputatdrallows limited sample
motion along three orthogonal axes and provideatiostal capability about the
manipulator axis. The base pressure was achievégdgets of pumps. The first set
consist of a water-cooled turbomolecular pump (TM&3ked by a two stage rotary
roughing pump (RP). The second set included angigtter pump and a titanium
sublimation pump. Tantalum wires, spot-welded te #ample, were used for dc
heating. Two type-K thermocouples, also spot-weldedthe sample, were part
of a temperature-control feedback loop. Sample icgolwas performed by
means of a copper braid connected to a liquidgéno cold finger and

electrically isolated by sapphire glass.
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Figure 3.1 Schematic representation (front view) of the uliigh system

for LEED/AES.
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3.1.2 Experimental procedure

All AES experiments were carried out in a turborsalar-pumped ultra-high
vacuum (UHV) chamber with a base pressure in tiox10" torr region. The
Zry-4 sample has a thickness of 1.1 mm and a surtmea of 0.82 ch Its
elemental composition, in wt%, is 1.31 % Sn, 0.2F&p0.11 % Cr, 0.12 % O,
and the balance Zr. The Zry-4 sample was mechanigallished with abrasive paper
and mechanical polisher (Buehler, gamma alumirég ticron). After polishing, the
sample was sonicated for 10 min in acetone. Ammoniwydroxide (99.99%
Aldrich)was stored in an equilibration flask andj@ (99.99%) were connected
directly to the reactive and inert section of thes dnanding system, respectively.
Ammonium hydroxide was purified by a few cycledraeze-pump-thaw method and
the purity of the gas was checked by a quadruplssnspectrometer (QMS). The
surface was cleaned by 3'kV argon ion sputteriedpvio room temperature followed
by annealing to 893K at a heating rate of 1.0 Kike cleanliness of the surface
was verified using retarding field Auger electropestroscopy (AES) with a 3
keV beam energy. When the survey scan. AE of spesgee performed the
energy step was | eV, dwell time was 100 ms, and libck-in amplifier
sensitivity was 3 mV. High resolution AE spectra revetaken with 0.2 eV

energy step and other factors were kept same ag\sw@can.



3.2 Investigation of NHsOH on Zircaoy-4 Surfaces using

X-ray Photoelectron Spectroscopy

3.2.1 Preparation of sample and operation of XPS

Surface chemical analysis ammonium hydroxide ooafoy 4 (Zry-4) surface was
done by XPS (VG ESCALAB 2000). The energy analyafethe XPS system was a
concentric hemispherical analyzer (CHA). The basssure in the analysis chamber
was maintained lower than 1xibtorr. The X-ray source; a dual-anode source, is
capable of delivering achromatic Mg1K1253.6 eV) and Al I§ (1486.6 eV) X-rays.
During all experiments, spectra were obtained usittgg Ka X-rays. X-ray source
was at the high voltage of 15 kV, beam current®hiA, filament current of 4.2 A,
pass energy of 50 eV, dwell time of 50 ms and gnstgp size of 1 eV in constant
analyzer energy (CAE) mode at large area XPS (LAXR®de. High resolution
spectra were obtained at pass energy of 20 eVgerstep size of 0.05 eV and other
factors were same as LAXPS mode.

The XPS chamber was pumped by two stages of pungyistgm. The first one is
that a turbomolecular pump (TMP) backed by a ttage rotary vane pump (RP)
system pumps a fast entry air load-lock (FEAL) cham And the second system
consists of an ion gettering pump and a Ti-subliomapump and evacuates analysis
chamber to maintain UHV condition.

The Zry-4 sample was round shape with 6.1 mm omdiar from a sheet of
zircaloy-4. The composition of Zry-4 is 1.31 wt%,$h21 wt% Fe, 0.11 wt% Cr,

0.12 wt% O, balanced with zirconium. The Zry-4 s@mpas mechanically ground



and polished with abrasive paper and mechanicaépol (Buehler, gamma alumina,
0.05 micron). After mechanical treatment, it wasadonically cleaned in acetone for
10 min. Ammonium hydroxide (99.99% Aldrich) storedan equilibration flask and
argon (99.99%) are connected directly to the reacsind inert section of the gas
handing system, respectively. Ammonium hydroxid@usified by a few cycles of
freeze-pump-thaw method and the purity of the gas ehecked by quadruple mass
spectrometer (QMS) as shown in Figure 3.1. The E&yrrent was about 1.70
and the argon fluence was 4.6 X°18r*/cm’ per one cycle of Arsputtering (argon
pressure : 3.7 x 1Dtorr). Baking of the gas line was carried out &eded to
maintain the purity of the gases before introdudirig the main.chamber. Gas dosing
was performed by backfiling the chamber througkcjsion leak valves and gas
exposures are reported in Langmuir (L) units (1 1.8x10° torr s). XPS experiment

was performed after of ammonium hydroxide exposure.

3.2.2 Deconvolution

Our XPS data were deconvoluted using XPSPEAK soéw@aer 4.1) for data
analysis. Obtained XPS N1s and Ols peaks wereediviicto two peaks but Zr3d
peak was divided into several peaks according @ tthemical environments. The
Full Width Half Maximum (FWHM) of N1s, Ols and Zr3geak was between
1.16~1.77, 1.53~1.88 eV and 0.99~1.89 eV, and @tio 10f 30% (Lorentzian-30%,
Gaussian-70%). The Spin-Orbit Splitting (S.0.S¥pBd was 2.4 eV.



IV. Results and Discussion

4.1 Auger electron spectroscopy of Zircaloy-4

Figure 4.1 shows Zry-4 survey scan of Auger electspectra before and
after argon ion sputtering. By looking at the Augeeak-to-peak height
(APPH) we indicate that C(KLL, 275 eV), N(KLL, 378V) and O(KLL, 512
eV) decrease after Arsputtering except Zr(MNV, 147 eV) [31]. Nevertisde
oxygen peak was always detected because of the kwlid solubility of O in
Zr [34] and the reactive gettering nature of thefae even under UHV
conditions. There are Zr Auger features below 150 o binding energy. We
could noticed the fact that the Zr(MNV, 147 eV) tfee was not clear and
the surface was contaminated with carbon and oxygerair exposed Zry-4
sample. As the argon .ion sputtering cycles proadetlee (APPH) of C(KLL)
was remarkably decreased and the APPH of surfaggeoxwas diminished to
undetectable limit and the Zr(MNV) feature-was gnowand getting sharper.
The cleanliness of Zry-4 surface was verified WAES in terms of carbon

and nitrogen contents on the Zry-4 surfaces.
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Figure 4.1 The survey AE spectra of Zry-4 before and aftgpwise argon ion

sputtering. The numbers at the right in the figegresent Ar fluence.
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Figure 4.2 APPH ratios of Zircaloy-4 surfaces function of Aluence
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Figure 4.2 shows the APPH ratios of O(KLL, 512 é¥y(MNV, 147 eV), C(KLL,
275 eV) | Zr(MNV, 147 eV) and N(KLL, 379 eV) / Zr(NV, 147 eV) after stepwise
argon ion sputtering to various argon fluence. As ean see in the figures, the

surface of Zry-4 was reached to clean limit whenAh fluence was about 3.5x£0

4.2 Investigation of NHsOH on Zircaloy-4 Surfaces using

X-ray Photoel ectron Spectroscopy

The survey scan XPS spectra of JIHH/Zry-4 in the range of binding energies
0-1100.0 eV is shown in Figure 4.5. The bottom Bperepresent the XPS survey
scan after NHOH was exposed onto Zry-4 surface. The two spéaira the top are
representative survey scan after stepwisé Bputtering. The differences of
NH4OH/Zry-4 XPS features before and after Aputtering were focused. Prominent
peaks belonging to Zr3d and Ol1s are clearly see88t2 eV and 531.1 eV,
respectively. The XPS features of Cls (286.1 e\d) ldfis (397.0 eV) were changed
before and after Arsputtering.

The peak intensity of Ols decreased aftef #puttering, however Zr3d peak
intensity was nearly same before and after gguttering. Carbon was also found it
may be due to the amorphous carbon from carbon rm&ocor carbon dioxide
adsorption [32]. However, 0.32 x fAr*/cm? bombardment was enough to clean the

Zry-4 surface in terms of carbon contamination @tawn here)
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Figure 4.3 The survey XP spectra of NEIH/Zry-4 before and after Aisputtering

with LAXPS mode. The numbers at the left in theufigrepresent Ar fluence.
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Figure 4.4.1(a) presents a set of high resolutite XPS spectra of NiDH/Zry-4
following cycles of argon ion sputtering. The Nlsak intensity was remarkably
growing after cycles of Ar ion sputtering. Yamamaetioal. reported that nitrogen is
more stable than oxygen species on zirconium serfat,22,33]. Weakly bound
oxygen species was desorbed from the surface tlitemgen stayed under the
subsurface region diffused out onto the zircaloyfame. The result was well
supported previous result of Yamamoto's work. Tlead of peak intensity of N1s
following cycles of Af sputtering is plotted in Figure 4.7(a). The N1sSxpectrum
was composed with a main component centered afl. 37 .and a less intense peak
centered at 398.9 eV after atching, which is attributed to ammonia and zircomi
nitride shown in Figure 4.4.2(b).and 4.4.2(c) [%},3The comparison of the data
between Figure 4.4.2(b) and 4.4.2(c) reveals #ieer Ar sputtering the intensities
of N1s peaks from ammonia and zirconium nitrideréase sharply. According to
these results, we can confirm that the subsurfageom nitrogen was diffused out

onto the Zry-4 surface.
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Figure 4.4.1 (a) stacked XP spectra of the N1s region aftepraripn

sputtering processes indicate a strong increash1sf
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Figure 4.4.2 Deconvoluted XP spectra of the N1s region insQH/Zry-4 (b)
after 0.8 x 16 Ar" sputtering and (c) after 9.75 x MOAr" sputtering.
Wiggly lines in (b) and (c) represent raw data, stholines overlapped with
raw data are reconstructed data and bottom satieks liare background. N1s of

ammonia is centered at 387.1 eV and N1s of nitrideentered at 398.9 eV.
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The representative O1s XPS spectra following cyofesr™ sputtering was stacked
in Figure 4.5.1(a)The comparison of XP spectra of the Ols regionrbeémd after
Ar” sputtering is shown in Figure 4.5.2(b) and 4.5,2@spectively. The oxygen may
come from surface adsorption and hydroxyl ion [32je deconvolution of the Ols
peak in Figure 4.5.2(c) reveals two components]g;8ntered at 531.1 eV and 532.8
eV those are attributed to the hydroxyl ion arfd @spectively. After stepwise Ar
sputtering, total Ols peak intensity was decreasbiés may happen because the
surface oxygen is diffused into the bulk or spettieout during Af sputtering. After
the concentration of oxygen near the surface regias decreased, nitrogen stayed
under the surface region was diffused out to thikase region cause increasing of the
N1ls peak intensity. When the sample surface waancl@ terms of carbon
contamination by cycles of Arsputtering, oxygen intensity of the surface isasm
same shown in Figure 4.5.2(b). This phenomenonomasmon to zirconium system

as oxygen solid solution state [37].
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Figure 45.1 (a) XP spectra of the Ols region after argon ipattering

indicates a strong reduction of Ols.
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Figure 4.5.2 Deconvoluted XP spectra of the O1s region insQH/Zry-4 (b)
before and (c) after Arsputtering. Wiggly lines in (b) and (c) represeatw
data, smooth lines overlapped with raw data arenstcucted data and bottom
solid lines are background. The component centete831.0 eV is attributed

to the hydroxyl ion and 532.8 eV is attributed t® tpresence of ‘Vions.
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The comparison of XPS spectra of the Zr3d regidoreeand after Arsputtering
is shown in Figure 4.6.2(b) and 4.6.2(c). Zr3d Xedra consist of one main set of
doublet i.e. the Zr3g and Zr3d, peaks. After Af sputtering, the intensities of Zr3d
XP spectra did not much change but the shapesgidbks clearly did change as we
can see in Figure 4.6.1(a). Before™ Aputtering, the Zr3d XP spectra can be
deconvoluted into four components, i.e. metallic(Z¥9.1 eV), zirconium nitride
(ZrNy, 181.6 eV) [6], zirconium oxide (Z50183.2 eV) and Zf (Zirconia, 183.4 eV).
The Zr3d peak intensity from zirconium nitride (Z)Nincreased following Ar
sputtering cycles. However, after ‘Aputtering, the peak intensity of zirconium oxide
(ZrOy) decreased. This is well matched with the resaft©xygen intensity was

decreased and nitrogen intensity was increasetepyise Af sputtering.
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Figure 4.6.1 (a) XP spectra of the Zr3d region following cycles Ar*

sputtering. XPS spectra of the Zr3d region in /OH/Zry-4

(b) before and (c) after Arsputtering.

29



| (b) Zr3d
0.00 x 10*°Ar

ZrO,
ZrN,

Metallic Zr

cps (arb. unit)

| (c) Zr3d
9.75 x 10%°

cps (arb. unit)

Binding Energy (eV)

Figure 4.6.2 Wiggly lines in (b) and (c) represent raw data,osth lines
overlapped with raw data are reconstructed data kaitbm solid lines
are background. Zr3d of metallic zirconium is ceateat 179.1 eV, Zr3d
of ZrNx is centered at 181.6 eV, Zr3d of ZrQs centered at 398.9 eV

and zr3d of Zt" zirconia is centered at 183.4 eV.
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The Zf** intensity was nearly same before and after shuttering process but the
peak intensity of metallic Zr increased comparedhat of before the sputtering
process because the surface was relatively cldanintensity of ZriN was increased
following cycles of argon ion sputtering because sbbsurface nitrogen was diffused
out onto the Zry-4. However the Zr@as deceased after stepwise argon sputtering

according to the total Ols peak intensity was dessbahown in Figure 4.7(c).
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Figure 4.7 The area of deconvoluted XPS peaks ofs8H/Zry-4 surface as a

function of argon fluence (a) N1s, (b) Ols and Zc3d.
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V. Conclusion

The AES experiment was performed to check the thess of Zry-4 surface. The
APPHSs of C(KLL), N(KLL) and O(KLL) were decreasedile that of Zr(MNV) was
increased by following stepwise Asputtering. Before N¥DH dosed on Zry-4
surface, Af fluence of 3.5x18 Ar*/cm? was enough to clean the Zry-4 surface in
terms of carbon contamination. The interaction ¢f.8H with Zry-4 surface was
investigated using XPS methods after cleanlinegsddvas verified. The interaction
of NH,OH with Zry-4 was investigated using XPS methoblse results show that
the changes of XPS intensities, which are O1s, &t Zr3d, by stepwise Ar
sputtering. During the stepwise ‘Aisputtering, oxygen peak intensity was
decreased while nitrogen peak intensity was ineckathis happened because the
weakly bound oxygen was diffused into the bulk esarbed out from the surface
then the nitrogen stayed subsurface region diffusgdo the deficient sites on the
surface region. This oxygen and nitrogen intensagversion caused increasing
of zirconium nitride intensity and decreasing attanium oxide intensity. After
the Ar fluence of 6.0x18 Ar*/cm? was applied to the NiDH/Zry-4 system, the

peak intensities of Ol1s, N1s and Zr3d were stagates
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VII. Appendices

1. Appendix A : Procedure for Argon ion sputtering

1. Check the pressure of main chamber.
2. lon pump off (start— high voltage off— power off).
3. Unplug all electric lines (power lines for sampieating / thermocouple).
4. Set the manipulator for Ar sputtering.
5. Install magnet and watching the position of arresing manipulator.
(vA scale).

6. Open MGV 2 turns from closed position.

7. Ground the sample.

8. Main switch on (ion gun controller ISES).

9. Turn on "Beam Energy" to 5 kV (turn right).
10. Open Ar leak valve.

Measure sample current every 5 min for 15 min

11. Close Ar leak valve.

12. Turn down "Beam Energy" to zero (turn l&ft).

13. Main switch off.

14. Open main gate valve slowly watching the pnessyauge.

15. lon pump on (power> high voltage on— start).
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16. Anneal the sample.

target T. - Zry-4 : 620C / PgCo : 430 C

After annealing

17. Temperature controller power off.
18. Unplug thermocouple and heater power line.

19. Ground the sample using multimete)(

Sputtering position

Zry-4 x . 15.1

y : 18.5

z : 708

0 :228
P(An=1.0 x 1€ torr
Sample current= 18 pA

Free state for rotation - x : 15.1 /y : 185
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2. Appendix B : Procedure for Auger electron spectroscopy (AES) experiments

Omicron

Mano Technology

e |
L |

~
SCREEN SUPPRESSOR BEAM ENERGY

.- .

€
v

3ooo| @

~
LENS 2 LENS 1/3 WEHNELT EMISSION  FILAMENT MAINS

0000 0| ®@|

offset Gain offset Gain

vy

1. Warm up the electronics for 30 min.
2. Make sure the sample has been sputtered, adneat cooled.

3. Set the sample manipulator for AES experiments.

Zry-4 x . 8.21
y : 10.615

z : 68.74

® : 1795

4. Set the LEED/AES optics for AES experiments lmstpng "Auger”
button.

5. Ground the sample by multimeterA (range).

6. Turn ("FILAMENT CURRENT" "SCREEN") knobs to fyll anticlockwise.

7. Turn "EMISSION" knob to fully clockwise.
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8. Trun on MAIN POWER= Push Auger button.
9. Increase Filament current up to "1.17" A.
10. Set beam energy to 3000 eV.
11. Software
(D DATA Auger click.
@ SET UP = Experiment properties.
@ Chose the element> O.K.
@ Right mouse button= Data processing= Differentiate Spectra.
® RUN click.
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3. Appendix C : Eurotherm PID setting

<Eurotherm 2404 setting>

1) From room temperature

- Pb : 900

-t 17

-td : off — res : 0.0
- hcb : auto— res : 0.0
- Lcb : auto

2) From low temperature @ ~ -60 C

-Pb 1 : 588
-ti1:40
-td 1 : off
- hcb 1 : auto
- Lcb 1 : auto
- Pb 2 : 900
-ti2:30
-td 2 : off
- hcb 2 : auto
- Lcb 2 : auto

¥ When the speed of output power is slow — OPrr — "OFF"
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4. Appendix D : TPD experiment

EUROTHERM 2404

OPT

~150

AUTO RUN
MAR © © HOLD

B RVAN I A4

1. Push the "RUN/HOLD" button and wait about forrn.
— During that time the HOLD letter is giong to fliakeg.
2. When the DC Volt Meter changed press the "RUN/BO

3. Presslj button 3 times (Program list sign will-show up).

4. Press button twice and thal Z\| button twice (band "off" will

appear).
5. After "RUN/HOLD" button flickering, press the UN/HOLD" button.

5. Annealing is going to "START".
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