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1.0 INTEODUCTION

This gemester I was ch by the Arg National Laboratory
Center for Educational Affsirs as & participant in their Undergraduate
lesenrch'Participatj__on Program. For my semester project, I was assigned
to the Safety Research Experiment Pacilities Division (SAREF). SAREF'g
current task i1s the TREAT Upgrade Project. This project entails the
denign and modification of several sspects of the Transient Reactor Test
Facility (TREAT). TREAT, a test fast breeder reactor located at the
Idgho Argonne Matiomal Lahoratory, has the capaclty to expose breeder
reactor fuel elements to transiénts (short bursts of high power from

the reactoar).

Breeder reactors are nuclear reactors that create more fuel than
they burn. They offer an almost unlimited source of energy but are
also perceived as possible sources of nuclear proliferation. The
Tesearch in breeder reactors 1s continudng in order to retain rhis

pokentlially invaluable energy optiom.

The TBEAT Upgrade Project involves the modificatrion of several
aspecta of the TREAT site and butlding, one of which is the reacror core.
There are two design options avallable in the modification of the reactor
eore. In one, pyrolytic graphite is being tested aa an insulator in
conjunction with Inconel 625 as the cladding jacket. (The cladding 1s
the metal jacket that encloses the fuel.) The other design option has
no Insulator. Tests were performed on the cladding materfal for the
TREAT Upgrade fuel assembly. 4m the reactor core is heated, the clad-

ding material is expected to underge a carburizatlon/oxidation process



near the end of its lifetime. A ghort term program hasz been deaigned
to egimulate these conditfons fn prototypic, scaled down fuel assenhlics.
Thin program has been identified am the Creep~Carburization-Oxidation
Test {(CCOT). The program cbjectives of CCOT Involve two steps. The
first of these is to effect carburization on the inner surfaces of the
fuel assembly cladding snd oxidation on the outer surfaces, at elevated
temperaturea, for times simulating service. The second objective is

- to determine compressive creep (slow permenent deformation} during

the conditloning program.

In order to accomplish part of the above objectives, data waa
eollected on the effects of ecarburization and oxidation using optical
and gcanning Auger electron examination and analysis. J. Balson
{also an Undergraduste Research Participant) and I entered the project
at this point. Our task during the past cemester has been to quantffy
this raw data ueing appropriate formulations and then display the results
using & subset of the Argonne Computer Conversational Monitor System
{CM8). The subset system i3 known as Tellagraf. During the quantifi-
cation process and the process of displaying the results, we continpally
galned nev knowledge concerning the validity of our analyses. Our
formulations and display techniques were accordingly adjuated several

times to reflect our improved understanding of the analysis of the data.

The data being analyzed had been collected using optical and
scanning Aunger electrom spectroscopic techniquea. It was thus necessary
to pessess a thorough usnderstanding of the Anger electron process in
order to provide the most valid explanation of the raw data. This

understanding of the Auger electron process was obtained by conducting
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2n extensive literary search of the subject and by agsimilating the
information gained into a detailed repert of the process. The basic
technique of Auger electron spectroscopy, the underlying physics of
the technique, and a detalled descriptiom of the Auger procesa itself
are gome of the topics which are fneluded in the section encitled

“Auger Electron Spectroscopy” (appearing as Section 4.0 of this report).

In order to realize the value of surface analysis techoigues such
‘&g Anger electron spectroscopy, ome must obtain a comprehension of the
role surfaces play, if any, i{n the behavior of selide. There are In—
stances in which surfaces have been found to influence the behavior of
the material as a whole. The various ways In which these effects occur
have been studied by this author. The results of this study have been

sumarized and are included in Section 5.0 of this report.

Several methods of materfals analysis exist in addition to Auger
electron spectroscopy. These methods were conaidered carefully as
posaible options before Auger electron spectrescopy was selected as the
technique used to cbrain the Creep—Carburization-Oxidation Test data.
Section 6.0 of this report summarizes some of the additional techniques
available to the materfals sclemtist, 1ife scientist, chemist, or
medieal researcher. The final section of this report, Section 7.0,
exemines some of the modern applications of such amalysis tecimiques

in the fields of chemlstry, medicine, and the life scliences.



2.0 TREAT UPGRADE (TU) AND TU~RELATED SUPPORT FACILITIES

2.1 Summary
The TBEAT Upgrade Project is belng undertsken to provide an increase

ia the capabllity for in-reactor testing at the Transient Reactor Test

Facllity (TREAT) iw support of the fast reactor safety program. This

upgrading action is composed of four principal elements: (1)

(1)

(2)

£

(4)

the design and acquisitfion of a large teat vehicle, called
the Advanced TREAT Loop (ATL), and fts assoclated sysrems
uhich can accommodare test fuel conditifons and configuratioms

typical of fast breeder reactor designs,

the design and acquisition of the suppoert equipment required
for the assembly, disassembly, checkout, operatlom, testing,

handling, and transport of the ATL,

the modifications of the TREAT reactor and associated systems
to accommodate the operation of the ATL and meet the sawple

energy deposition requirements for the experiment,

the modification of the TREAT site and bulldings to provide
the capability for handling the ATL, to accommodate the ATL

support equipment, and to facilitste operations.

Two significant constraints are fmposed on this upgrading action:$2)

1)

{2)

the current irradfation capabilities of the TREAT reactor

shall not be degraded, and

the functional utility of TEEAT shall not be interrupted for
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an extended peried of time. In additicn, a limited amount of

space within the TREAT reactor bulldimg ia to be reperved for

the possible future placement of equipment assoclated with

the performance of safety research experiments with gas-cooled

test loopsa.

2.2 Overall Plant Modifications

The TREAT Upgrade Project includeg all of the systems, services, and
faellities necessary to permit the performance of safety-related, in—
‘teactor experiments utilizing the ATL test vehicle at the TREAT faellity.

Accordingly, the pr;ject encompasaas the following activities:(3)}
(1) the modificarions of the existing TEEAT facility including:
{a) the airas,
(b} the butlding,
{c} the mechanical servicas,
{d) the electrical services,
(e} the reactor core, and
(f} the reactor syastems,

{2) the design and acquisticn of the ATL and ita associated S¥sCems,

and

(3) the design and acquisitlon of the ATL support equipment.

2.3 The Advanced TREAT Loop Systems

The Advanced TREAT Loop Systems Iinclude the following units:(4)
(1} the Advanced TREAT Loop (4TL),
{2) the ATL Mechanical Support Sytems (MS5),
(3) the ATL Electronic/Electrical (E/E) Systems, and

(4} the Calibration Assembly {CA).



The Advanced TREAT Loop Systeme are being designed and built as part

of the TREAT Upgtade Project (TU} which is one of the SAREF projeces.

2,3.1 The Advanced TREAT Loop

The Advanced TREAT Loop 15 a packaged, sedium-cocled loop which will
be nsed to perform safety experimente with fast reactor fuel pins (elther
fresh or preirradiated) in the TREAT Upgrade reactor as part of the Safety

Research Experiment Faciliries (SAREF Program).

The ATL {5 27 £t in length and weighs approximately 7200 1bs.(5}
There are six main compoments In the loop.(8) These are primary and
secondary coutalnments, & test trein, an annular linear ieduction pump
(ALTP), a neutron filter and a heater assembly. Sodfun is pumped down
along the fnside surface of the primary containment by the ALIP and flows
up through the test bundle to the plenum (an enclosed space) at the top.
simulating conditfons in a fast reactor. The test fuel bundle and most
of the experiment instrumentatfon are part of the rest train. The test
train for each experiment will be different. Insofar as practicable, the
reference test train design provides the envelope (a set of limitations}
for all test trains. Test trains are expected to be within this dealign
envelope. The secondary containment supports the ALIP, neutron filter,

and heater assembly, and it completely surrounds the primary containment.

2.3.2 The Advanced TREAT Loop Mechanical Support Systems

The Mechanical Support Systems include the Annulus Cas System (AGS),
a systea which provides a pressure regulated finert gas Lo the space hetween
the primary containment and secoudary containment, and the Cover Cas
System (CGS)} which allows for setting the loop plenum static pressure at

operating conditioas.



2.,3.3 The Advanced TREAT Loop Electronic/Electrical Systems

The Advanced TREAT Loop Electronic/BElectrical Syatems provide
electrical power supplies, instrumentation, and process equipment to
control sodium flow and temperature. This iz accomplished by control=-
Mng pump and heater voltages and by providing sensors and assoclated
electronics and consoles for loop control, display, and operational

data recording.

I 2.3.4 The Calibration Assembly

The Calibration Assembly (CA) 123 2 unit which simulates that
portion of the ATL which will exigst in the fuel assembly repgion of the
TREAT reactor. The CA does not contain sodium, but does fincorporate

. calibration fuel and/or monitor wires and foils. The function of the CA
is teo provide a neutronics mockup of a specific ATL such that reactor
teats may be perfotmed.(” For example, the CA {5 used for TREAT
reactor power calibration runs and trial transients from which the

neutronics characteristica of the ATL zan be determined.

2.3.5 {baervation of Fuel Motion

The TREAT facility currently provides the capability to ohs;zrve
fuel motion. This capabllity is provided by the hodoscope and other
fuel motion detectors; these will remain in operatlon for AYL experi~
ments.(8) The ATL will be designed ro provide for good hodoscope

performance. Neutron radiography at TU will alac be utflized.

2.4 TREAT Reacror Core
The existing TREAT reactor core le air—cooled amd uses UOs-graphite

fuel. The fuel for the modified amsemblies 1 a UOp-graphite matrix
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of the type used in the existing TREAT reactor core. The urenium is
enriched fully (about 93.5%)(9) gn 235y, Graphite—uraniun fuel having
bigher concentrations of enriched uranium than in the present TREAT
fuel 1s specified for the modifled Fuel agmemblies in order to increase
high-temperature experiment performance. This fuel type has the follow—
ing advantases:(lo)

(1} The high heat-absorbing capability of the graphite matrix
provides an effective heat sink for transient-generated heat
without dependence on air coolant during the transient.

(2) The excellent thermal-shock resistance of graphite will

sustain the high rates of heat input.

The experience with the exigting TREAT fuel agsemblies containlag
& lower concentration of uranium snd operating wp to a pesk temperature
of 650°C has been excellent.(1l1} The nmodified TREAT fuel assemblies
fit within rhe space envelope of the current TREAT fuel zssemblies.
The fuel agssemblies are 4 in square by 9 ft long.(12} They constst of
a 4 fr central seetion of fuel with a 2 ft graphite reflector secticn

on each end.

The upgrading of the reactor core is accomplighed by replacing
the central core reglon of existing fuel assemblies with new assemblies
which ars capable of much higher peak temperatures (#‘900“8).(13) This
higher temperature is achieved with correspondingly higher 2359 loadtngs
that are varied from fuel rod column to fuel rod columm.(14) A cross
section of the modified zome of the core 1s shown in Figure 1.{15)

Approximetely 100 new fuel assemblies are required. In addition, some
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epecial assemblies are provided for the fuel motion viewing channels.
The mechanical details of the new sosemblies are maintatined gimilar to
those of the existing assemblies in order to preclude chanpes in fuel

handling or core support equipmen:.(lﬁ)

The new agseoblies use U0y—graphite fuel.{17) Each fuel aggembly
will be a camned assemblage of UOp—graphite fuel rods plus top and
bottom graphite reflectors and necessary devices for holddown, establish-
ment of an isolated environment for the fuel, and assembly handling.({18)
The U0z will be fully enriched 1in 2330, Since the uranium concentra-
tion {a wvaried from fuel rod coluen to fuel rod column within each fuel
agsenbly, each fuel assembly has an aesigned core location and alsoc an

asgigned orientation (19}

The peak temperatures in the fuel rods in the modiffed fuel aspem—
blies will be »900°C.(20) The outer row of modified asseamblies (shown
in Figure 1} 13 derated in temperature Lo w650°C to vetard horizemtal
(radial) heat transfer from the modified zone and so prevent local over-
heating of the unwodified fuel assemblies Just outside the modified zmme.
The design of the modified fuel s2sgemblies inhibits overheating in the
umnodified assemblies radfally surrounding the modified zome, the ATL,

andfor the core support etructure.{Zl)
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3.0 CAN ANALYSIS THROUGH USE OF THE CREEP-CARRURYZATION-OXIDATION TEST
{CCoT)

3.1 Background
Modified TREAT fuel assemblies that can be taken to higher tempera—

tures thkan the current TREAT asseublies are used in a major portion of
the reactor core rhat {s included within the central array of core
assenblies (see Figure 1). In the reference design depicted in Pigure 1,
the assemblies in the imner portion of the modified zone have a peak
operating tewmperature limic of »900°C. Criteria for the selection of
canning wmaterials for the modified assemblies are: resistance to
oxidation, strength at high remperature, and low neutron capture.{22)
Materials that are being considered for the cana and emd fittings are
Inconel 625, along with both austenitic and ferritic stainless steels.

The latter two are not studied in this report.

3.2 Introduction

The can provides & sealed environment for the modified fuel Tods.
Figure 1 diagrammatically shows about 100 cans in cross section. The
central core reglon of the diagram depicts the modified fuel assemblies,
which are capable of peek temperatures in the range of 900°C. These core
asgsenblies are surrounded by av outer section of modified assenblies;
these assemblies are capable of peak tewperatures in the ramge of 650°C.
The sheared corners of each fuel assembly in the reacter core combine
with the sheared coroers of the adjacent assemblies to form square

eoolant passages through the assembled core (see Figure 1).

The contents of the fuel asgemblies are not shown in Figure 1;
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Figure 2(23) represents an approximate enlargement of four of the can
eross sections shown in Figure 1 (each of the four cans In Figure 2 would
need ite corners sheared off in order to provide & more accurate enlarge-
ment of the cans in Figure }; this Figure 2 drawing is ased for purposes
of illugtration only). The square graphite fuel rods contained within
the fuel assemblies, as well as the four fuel asaembly containmenr cans,
are shown in Flgure 2. A fuel can Is simply a sheet of meral (such as
Inconel 625) formed into a & in square piece, which 1s used to conrain
the fuel assembly. The cans used in the TREAT Upgrade reactor are 9 ft
in length; the csns used for the collection of the Creep—Carburization—
Oxidation Teet (OCOT) data ave 18 in lengrh.(24) 4 photograph of a

test can (4 in by 18 in) 1s shown in Figure 3.¢25} The can shown in
Figure 3 contains the fuel assembly; without the fuel aseembly, the can

forms a rectangular, hollow metal shell which 1s open at both ends.

3.3 Can Carburizatrion/Oxidation

The TREAT Upgrade fuel asgembly design being invest{gated by
SAREF Projects calls for D0y dispersed in graphite and contained in
Inconel 625 cladding waterial. At high operating temparatures, catvbur—
ization as well as oxldation of the can'e faterior surface is expected
to occur.(28) The extent of the catburizarion/oxidacien procese 1s
dependent on the kinetics of the reactions involved. The operating
lifetime of the can is primarily limfted by the carburizacion process-(z?)
Carburization tends to decrease the ductilitylas well as lower the
melting range of the cladding material. For temperatutres less than
950°C, carburization Is expected Lo be insignificanc.(28) Above 950°C,
the effects of carburization may be significant.{28) The mferograph

labeled se Figure 4(29) vag produced using a scamning electron
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Figure 3
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mlcroscope (SEM). The material shown is from a gection of & can used in
oae of the Creep-Garburization-Oxzidation Teate {CCOT). (Since 1t was the
second can produced, the can is arbitrarily known as CCOT-2). The can
pection phown had been heated to a temperature over 600°C prior to this
micrograph belng taken. The granular structures which nearly cover the
Inconel 625 netal ere belleved to represent an oxide layer.(30) 1the
oxtdation in this case has most prohably oceurred through the formation
of Cry03 on the Inconel surface. (The Inconel alloy contains the
elenente €, Fe, Wi, Mo and Cr, along with ofher elements present in trace
anounts).(31) Near the center of the micrograph, thin black "channels”
can be seen winding between the granular structures. Thege channels
represent the grain boundaries of the Inconel 625.(22) Since theae
grain houndaries can be seen within the oxidized layer, the layer is
knowr as a thin oxide layer. The mspoffication for thias micrograph is

»2250x.

3.4 The Creep-Carburization-Oxidation Test (CCOT)

In order to establish the safety and the cost efficiency of the
canning materfal Inconel 625 for the TREAT Upgrade Project, the CCOT
program has been designed., It 1s necessary to determine the asmount of
earburizstion/oxidation which occurs at a heightened temperatura, as a
function of time at that temperature. Data 1s also mought on the depth
of carburization/oxidation inte the Inconel surface. It would also be
beneficial to determine what chemicel interactione, £f any, occur between
the carbides and oxldes formed on the surface of the Inconel. It must be
noted at this point that other aspects of the CCOT program will not he

mentloned in detail in this report. Data collected onm carburizatiom/
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oxidation amounte and carbidefoxide Interactions will be correlated with
other CCOT date at some future point in time. ¥For example, the degree
of carburizationfoxidation will be compared with the machanical properties

of the can ptudied.

3.5 The Pre-Creep—Carburization-Oxidation Test (Pre—-CCOT)

Prior to my involvement with SAREF Projects, it had been decided
that & test run of the CCOT data collection program was needed. This
test run, known as pre—CCOT, would be similar to the CCOT program,
although not ag extensive in testing ams the CCOT. (It should be noted

that the can size for the pre—CCOT was v In square by +6 in long).

The actwual test on the pre—CCOT Inconel 623 cans was completed
under the direction of K.¥. Davidson at the Los Alamos Scientific
Laboratory (LASL) in Los Alamos, New Mexico. This furnace test was made
to investigate the possible resctions between Inconel 625 and high
purity graphite.(33) The test was run ar a nominal temperature of
12258 (950°C) for L87 h although the furnace vas actually sbove 1175E
(900°8) for 18% h-{3)  The furnace uged §iC resistance heating elements
which heated an Incomel tube.(33) A gheet of Inconel 625 separated the
furnace tube from the test cans. A thermocouple inside the furnace tube
weg used to measure and record the temperature directly over the test

Cane -

The two Incounel 623 test cans each contained three pleces of gtaphite
rods which had been heat treated to 1550K.(36) The graphite pieces
were 20.56 am square by 152.4 wm long. The praphite was meparated from

the Inconel in ome of the cans with a molybdenum foil.
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The graphite pleces were machined to size. The cans conteiniag
the graphite pleces were welded closed in an atmoephere box containing
argon. It was necesgary to evacuate the cane for a few days as well
as heat them slightly in order to reduce the helium in the pores of the
graphite low encugh te allow for leak checking. After pumping down to
4 pm and leak checking, the cans were filled with helium to a pressure

of 1 psi absolute.(37}

The furnace took 8 h to reach the control temperature. The furnace
retort was heated under vacuum ro 720K, at which time the retort wasa
'h&ﬂndwhhﬂ@nmdﬂmemﬂﬂmt%&wﬁmmdmchﬂEhﬂu

argon, (38}

After the heat ereatmemt, it was observed that the cans had deformed
inward due to the vacwum.(3%) Some discoloration of the cans had alsa
occurred. The thickness of the can assenbly at various polnts was

meanured.

The welds were cut off one end of each can and the graphite pieces
removed. A metallic deposit was present on the graphire wherever ir was
in contact with the can.(#0) The can was sectioned ta obtain meral-~
logrephic samples. A SEM spectrographic X-ray analysis of the metallie
layer on the graphite indicated a preponderance of chrowfum.(4l) The
Inconel gurfaces had heen changed by the corresponding deplerion of

chromivm.

The outslde surface of the Inconel cans was exposed to the argon
atmosphere in the heat treating furnace and appeared to be alighrly

oxidized.(42) The graphite in the can with the molybdenum barrier



showed a metallic deposft only where the molybdenum foil did not form

a tight aeal. (43}

There appeared to have been a small Teaction between the Incone'l_‘
and the molybdenum and also between the molybdenum #nd the graphite.(34)
The reactfon area on the Inconmel side of the molybdenum was examined
by SEM spectrography; the results showed that there was some metallic
transport across the interface.{43) The reactor area on the graphite
side of the molybdenum was also examined, but only molvbdenum was found;
carbon cannot be determined by SEM spectrographic analysis, since ita

low atomic number provides little electron-scattering abiliry.{#6)

In gemeral, the test and examinations described above showed that
the Inconel 625 and the high pnrity graphite will perform satisfactorily

as materials for the test conditions defiped.(47)

3.6 Analyeis of Pre-Creep—Carburization-Oxidation Test Data {Pre—CCOT)

The role of the canning material in the TREAT Upgrade reactor core
is an important one; as mentioned earlier (Section 3.4}, the extent of
carbyrization/oxidation may be related to the mechanical strength of
the asterials under investigation.(%7} As a result of the possible
potent consequences of the carburization/oxidation to the safety of the
Teactor, it was decided that the examinatfions performed at the Los Alamog
Selentific Laboratory (LASL) (descrided in Section 3.5 above) gave data

which ded to be expanded upon. The carburizstionfoxidation which

seemed to have occurred in several places on the high purity graphite/
Inconel 625 required a more extenslve Inveatigarion. In studying carburi-

zationfoxidation which 18 produced subsequent to high temperature gtress,
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a detailed description of the amount of carburizationfoxidation prasent
in each atomic layer of the material under study is often useful.

A surface gnalysis technique which only recently came inte frequent
use,(ﬁs) known as Auger electron spectroscopy (AES), was the method
chosen for our atouie~level investigation of the carburization/oxidation
proceeges under analyeis. Section 4.0 of this report is an assimilation
of knowledge gained by this suthor after an extensive literary search of
the Auger electron process and Auvger electron spectroscopy (AES).
Section 4.0 includes an explsnation of the basic Auger electron process
(Section 4.3), as well ag an account of the AES analysis tectmique
(Section 4.4). The wost comron method of AES uses a cylindrical mirror
analyzer; this method is explained in detatl o Section 4.2. ¥or those
pereons not famfliar with AES and/or the Auger process, it may be useful
at this peint In time to review Section 4.0 in its entirety before

continuing on in this reporc.

3.6.1 Depth Profiling Defined

In the pre—Creep—Carburizatiem-Oxidation Test {pre—CCOT) progran
ag well as the Creep~Carburization=0xidation Test (CCOT) program, it was
deemed necessary to determine the atow-layer by atom—layer elemental
composition of the Inconel 625 canning materfial subsequent to the heat
treatment described in Section 3.5. In this way, the degree of carburi-
zation/oxidation of the Imconel 625 could be determined s#e a function of
the distance from the surface of the Incomel 625; a determinatfon of the
elemental Eomposition as a funetion of the penetratlon depth into the
material'e surface ie known as a depth profile chart. A depth profile

chart may be obtained by using Auger electron spectroscopy in conjunction
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with a sputter iom gun.(4%) As explained further in Section 4.2,

the sputter lcn gun uses inert gas ion bombardment to erode contaminated
layers from the specimen surface in a relatively conttolled but nonethe-—
tess destructive fashion.{0) Uged tn this way, the sputter fom gun ig
tutned on for only a few milliseconds before the Auger electrom spectro-
scope im employed.{3!) 1In addition to ite role as a surface~cleaning
tool, however, the sputter fon gun may also be used to acquire = depth
profile chart. If the sputter ion gum's beam and the AES electron beam
are bhoth almed at the focal point of the electron spectrometer, the
elemental compoeition of the sample will be recorded as the iom gun
eontinues to erode the surface atomlayer by stom-layer.{sz) Sputtering
rates of up to 3 R/sec can be achieved for most wmaterials usinpg argon
fons of 1,000-2,000 electron volrs {1-2 ke¥).(53} Thus, by knowing the

gputtering rate, one can obtain a depth profile charr.

3.6.2 Depth Profiling of Pre—(reep-Carburization—Oxidarion Test
{Pre-CCOT) Data

The aputtering rate of efther 30 X{min or 100 gfmin was used
as a wultiplication factor to determine the distance from the exposed
Inconel 625 surface.(%4) The sputtering rate for heat-treated Inconel
625 can be determined by first obtaining a sputtering rate for Inconel
625 which hae not been heat-treated. The latter sputtering rate is
known as the sputtering coefficient for the material in its as—processed

state (untreated Inconel 625, in this cage).(55)

The elemental composition data analyzed was accompaniad by a time
factor for each deta point. By multiplying the time factor by the time

in winutes, the distance from the exposed surface was obtained, in

Anpstroms.
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The data to be analyzed by J. Balson and this author were pregented
to ua in a form similar to that shown in Figure 5. The peak—to—peak
amplitude intensity of the differential (see Figure 5, upper cutve) is
proportional to the awount of tﬁe element present.(30) Thus, 1t 1s a
comnom practice In Auger electron gpectyoscopy to use the peak—-to—peak
signal strength In the derfvative spectrum as a relative quantitative
measure of elemental surface concentration.(57) By measurement of the
_peak-to—peak amplitude fatensity it was then possible to use set formu—
lations on the intensity values, and 1o so doing eventually obrain the

approximate elemental composition of the sample.

Figureg 6-9 inclusive illuatrate several samples of the graphed
results obtained from our amalysis of the pre~Creep—Carburization-Oxida—
tion Test data. The graphed results portray how the elemental concen—
tratiom in the alloy varies with the distance from the exposed surface
{(i.e., the depth of penetration into the exposed surface), in 1000 g.

The graphed results of Specimen Can 1 are shown in Figure 6. Specimen

Can 1 was heated for 187 h at 1225K (950°C)(58} a5 meneioned earlier in
this rveport (Section 2.5). TFigure 7 is a graph of the results obtained
from Specimen 5-53; this specimen wag hested for 1 hr at H4SSKE (1220°¢).(59)
A graph of the results obtained from Specimen 5~1F is shown in Figure 8.
Specimen 5-17 was heat-treated for 4 h at 1495K (1220°C).(60) fThe gpeci-

men shown in Figure 9 (Specimen 5-21) was heated for 100 h ar 1225K (950°C).

3.6.2 Display of Pre-Creep-Carburization-Oxidation Test (Pre—CCOT)} Data

The data collected on the effects of carburization and oxidacicn

using oprical and scanninpg Auger electron examination needed analyzatien
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in order for 1t to be of value. This raw data was quantified uslng

sppropriate formulations and the results displayed using 2 subset of the
Argonne Computer Conversational Monltor System {CM5); thig subset systenm
18 known as Tellagraf. Samples of the graphed results obtained through

Tellagraf appesr in Figures 9.

3.6.4 The Application of Set Formulations

Auger electron trangltions require three electrom levels; conse—
quently, only those elements with atomic numbers greater then three can
be detected.(62) The rate of core-level lonizatien is one of the key
factors in Avger transition intensity and can be adjusted by varying
the primary electron beam energy so that the relative KLL, LMM, and MEN
intensities are altered (see Section a.u).(ﬁ?') The ELL Auger transl-—
tiong are the most intense for low-atomlc—mumber elements, while the
MM transitions increase in intensity with increasing atomic numbar ,
and subsequently the MNN kransitions. increase as well. By prugreasively
using the Kil, LMM, and MNN serles of Anger tramesitions, the elemental
peneltivity variation acress the periodic teble can be held te a factor

of lesa than Eifry.(64)

A highly useful method for determlning atomic conceatratlons
makes use of the atomic ¥1L, LM, snd MEN transition intensities.
Agguming that the transition intensities can be measured for the pure
elements under a set of controlled comditions, the atomic concentratiom

of element X can be expressed as:
i = (Ix/s0f T (Lafsaw (8D

where Gx = the atomic concentration of elemnent X,
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yenslty of eleuen® x{

g = the huger yeansition in
* peak—ti-pesk applitude of element Xy, and

8 - the Telative sensltivity:

The intenslty ©0 genpitlvity ratio 18 geternined for each element ()

1n the sample. These values 3T then gummated and the total 18 divided

iato the value obtained for element Ko

fn actuality, the pensitivity 2a¥ be determined VY either of two

_nethods. 1o the first method, 2 standatrd of gilver i uged tO datermine
the sensitivity of each element in the sample heing analyzed. IT the
second method , sgtablished standards for each element have peen used tO

determine the gsensltlvity of that elements these sensitivit.ies are

recorded in the Handbook of PW aical Auger Elemental Fael “5‘(66)

Due to the dellcacy of the ipstrumentation and the number of
slectronic pystems neceasary for analiysls, psach Auger electron spectro—
meter varies slightly, depending on conditione of the sanple and the

condition of the equipment used- It is for this reason that Auger

snalyals for
quantification is b
est performed through
gh use of the Hrsl:

method mention
ed (67} m
this method, standard samples of silver
are

run for smalysis. B
y knowing the peak-to-peak amplitude of ell
gilver, the

sensl ty of cu us e L0 ki |
tivd an
other slement ¢an be cal lated 1 he £
» ng tl 1lowing

5y (Ep) = (mA) (I’S/K XIAg)°(68)

In this equation:
Ep =
sx -

the primary beanm energy,

the relative sensitivity
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4 ond B = the chentcal formula Indices (obtained from a handboolk) s
¥ = a scale factor {obtained from a handbook) ,

Ix = the Auger pransition lutensity of element ¥ (the measured
peak-to-peak amplitude of element X), and

IAS = the Augey transition inteneity of sllver (the measured
peek—to—pesk amplitude of silver).

By knowlng the relative sensltivity, the concentraticn in atom percent can
be calculated. The formulations required for this operation can be ob—

talned from the Handbook of Auger Electrom Spectroscopy (gee Reference 663

It was only after the pre—CCOT data collection had taken place
that the superior yalue of the first method was vealized- tnfortunately,

no slloy gtandards were rut for the pre—GCOT data for this Teason.

Tn order to compensate for the lack of alloy standards, the
£s1lowing assumptions and procedures were made. 1t was assumed that
after a certain amount of sputtering time, the entize oxidized or carbut—
{zed layer would pe removed from the gample. It was algo apsumed that
the analysig of the alloy Inconal 625 after removal .of this oxidized or
ecarburized layer would be equivalent to an analysiz of pure alley- Inm
this way, the samples were interpreted backwards from the assumed locatiom
of the pure alley. Sinee the concentration of glementa in the pure alloy
Incenel 625 is known, the values can be inserted for each element and the

curves can be adjusted from the greatest sputter depth to the surface.

As mentioned earlier, when silver standards are not ueed (L.e.,
when the first senslitivity determination method is oot followed), the

elemental concentratlion can be calculated from the equation?

ox = chfo)/Eu,fs.,).
o
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Since six elemente wWere present 1n the sample, the equation became veTy
complex and tedlous €O perforn. Much time was saved in performing the

calculatlong On the data as a result of the development of a calculator
program by J. Balson for the prngramble caleulators used. A flow

chart depicting the steps of this prograz 1s given in Figure 10.1(69)

It was decided that the pre-CCOT data obtained could be more
easily analyzed and compared with other data if the pre-CCOT data con—
centrations were tn welght percent rather than atom percent: To obtain

the weight percent, the following equation was used?

w = A - M [/Tae T A 9
vhere Wy = the weight percent of the element X,
Ay = the atom percent of the element X,
Ay = the atomle wed ght of the element .
The multiplication of A by AW 15 determined for each glement (o) 1n the
gample; the values are sunmated and the toral is divided into the wvalue

obtained for element X.

As a result of this adjustment , Flgure 11 gives a prelliminacy
evaluation of concentration in the Incomel 623 alloy for Specimen Can 1.
Values gi.ven in the legend represent the weipht percent at location A
(this represents the alley conpasition}. Interpretation of the informa—
tion at any other location requires linear extrapolation from point A
‘along the appropriate curve. Ag stated earlier, this adjustment of
concentration values 18 necessary due to & lack of alloy gtandards.

In Figure 12 this 1inear extrapolation hazs been performed from polnt A

along the appropriate curve for Specimen Can 1.



Figure 10
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3,6.5 Concluaions

The results indicated that for the most part, on the carburization
gide of the specimena, chromium carbldes were formed and, at hipgher tem—
peratures, molybdenum carbides were also formeﬁ. On the oxidatien elde
of the specimens, mostly chromium oxldes and iron oxides were formed-
As was mentioned eatlier in this report, it is necesaary to determine the
amount of carburizatiom present on the specimens before deternining what
factors {if any) carburizacion affects, and to what degree. An example
of one such possible factor is mechanical strength; studies determining
to what degree mechanical strength is affected by carburization (if ar

all) sre yet to be done for the CCOT data.

As a whole,_ the material seemed to function adequately for the
times and temperatures studfied. Since the changes in the elemental
composition of the specimens are now graphed as a function of sputtering
time andfor penetrat'ion depth, Future studies on the properties of the
material as a whole can now be more easily correlated with the elemental

composition changes.



4.0 AUGER ELECTRON SPECTROSCOPY

4.1 Summar

One of the most papular mathods of surface analysisa uged today is
Auger electron Bpectrogcopy, also known as AES. Basically defined, AES
ie a relatively new analytical technique which provides a quantitative
and gqualitarive analysis of the elements present In the outer four or
five atomic layers of a noo-volatile apecimen surface.(Tl) The basic
technlque conslsts of bombardment of the surface with a beam of elec—
trons 1n the range 1;000—5,000 electron volta. When an electron beam
with this energy hits a specimen, the atons pf the specimen will emit
additional electrons having energles characteristic of the epitting atoms-
These additional ejected electrons are the Auger electrons. Analyals
of the energies of these ejected Auger electrons and measurement of
the current due to Auger electroms then provides analytical information
pecessary to determine surface elemental cumpositian.<72) {ne main
advantage of this technique 1s that 41t ig non-destructive; in other words,

the process will not arode the surface of the sample studied.(?3)

4.2 The Cylindrical Mirror Analyzer

To proceed with a complete explanation of AES, it is first necessary
to conslder the detalls of rthe experimental scheme for detectlon of Anger
electrons. Paluberg's alagram(74} of a cylindrical mirror analyzer (CMA)
1g depicted in Figure 13. The cylindrical mirror analyzer is the most
COmDORL method uged to perform Auger electrom spectroscopy.(?s) Following
{g & brief explanation of how the CMA works. Specimens (here depicted
as five shaded hoxes) are held by the carrousel target holder, which can

be rotated in the direction of the arrow to facilitate analysls of the
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next specimen. An electron gun within the inner cylinder direcis a hean
of clectrons {depleted by dashed arvows) towards the specimen being
analyzed. 4B the elactron baam 1a accelerated towards the sample,

Auger electrons are emanated 1n all directioms away from the sawple.
Some of these electrons can pass through two oper: allts- (Only those
electrong able to pass through the slits are shown in this diagram; they
are represented by dashed arrows). The open alits are positioned such
that only those electtons which are bombarded off the sawple at a certain
angle (usually 42-3')(75) are allowed through. The electrons which pass
through each slit are then focused towards the electron multiplier. For
every alectron that reaches the electrom multiplier, a count 1z recorded
by the aultiplier. In this way, the total number of electrons N(E)

reaching the multiplier is recorded.

Focusing of the electrons passing through the slits occurs via the
use of the asweep 3upply {located above the electron gun in Figure 13}.
The sweep supply provides a negative voltage to the cylindrical mirror
ghell. (The eylindrical mlrror ghell lies perpeadicular to the specimen
and so cannot be clearly seen. In order fo view the electron gun an im-
aginary slice was made through the shell in Figure 13, so that the shell
is now represented only by two 1ipes. Each line lies within the magnetlc
ghield lines. The upper llne reptesenting the shell Ls also shown as
being connected to the sweep supply.) The negative voltage applied to
the cylindrical mirror shell by the sweep supply repels the negatively-
charged electrons. Consequently, by controlling the amount of negative
voltage spplied to the ghell, the electrons can he repelled just enough

to bend them back through the second set of vpen alits. As the electrons
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pase through this set of s1ite they then hit the electron multiplier and
are counted, as mentioned earlier. These eslectron counts are next ampli-
fied via the use of a lock—in amplifier and are finally recorded on an
oscilloscope (see Fipgure 13). As the electron counte are recorded, the
pegative sweep voltage is recorded simiitanecusly. In thie way, the
energy distribution of the e¢lectrons can be obtained electronically by
plotting the output of the electron multiplier versues the negative sweep
voltage applied to the cylindrical mirror shell-(n) Having the energy
distribution of the electrome, 1t is then pogaible to generate a plot
showing the number of electrons versus the energy of those electrons-.
The plot shown in Figure 5 shows that unequal numbers of Auger electrons
iie at each epergy level.(78) The significance of this information will

be explained in detall later .

The magmetic shield (shown in Figure 13 as two llnes which lle just
outside the two lines representing the eylindrical mirror shell) protects

the system from the effects of other etray fields in the vicinity.

A vacuum throughout the spectrometer is neceseary due .to the nature
of the electron beam. Electroms, such ag those used to bombard the spec-
{men surface, can travel only a few micromaters in air before they are
stopped or zlowed doum by collisions with gas uolecules-(”) In AES, such
an occurrence would make specimen bowbardment by an electrom beam next to
imposstble. In fact, the development of Auger electron spectroscopy was
hindered for many yeara wuntil wltrabigh vacuum techmology produced a vac=
wum system of between 107 ro 10-1¢ Torr, which ia the amount of presasure

necessary for the interior of the cylindrical mirror analyzer ta function.
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The sputter {om gun (zee Figure 13, pottom) has developed as one of
the most useful auxiliary capabilities(so) in an Auger spectroscople
investigation of a material. The gun uses inert gae ign bombardment
(generally argon gas)(su to erode contaminated layers fron the speci-
men gurface in a relatively controlled fashion. The gun can be used
in elther of two ways. First, it can be uged just before the Anger
spectroscopy Process commences in order to clean off contaminants which
acoumulated or the specimen gurface while the gpecimen was being trens—
ported into the vacuum chamber. Since the sputter ion pun erodes the
garface, this sput‘.te‘l..‘ing {s a destructive process (im contrast to the
non—destructive Auget process). This deatructive nature of sputtering
48 used beneficially in its aecond type of applicatioo. 1f the Lon beam
and the electron beam are co-located at the focal point of the electron
gpectrometer, ons cao obtaln an almost atom layer-by-atom layer profile
(depth profile} of the chenical composition of the near—surface region
of the specimen on a continuous basis.(sz) Sputter rates of up to 3 if
sec can be achieved for mast materials uslng argon ioms of 1,000-2,000
electron volts (1-2 ke\T).(BG) It iz also possible to automatically
plot composition profiles using commercially available nulttplexing

ingtyuments.

4.3 The Auger Process

It now becomes necessary to define r.ﬁe Auger process, and more
specifically, the Auger electron at the atomic level. Figure 14 shows
@ schematic representation of a KLL Auger transition with electrons
degignated by solid circles and electron vacancies designated by open
circles-(s“) The uppermoat figure represents a ground—qtate atom with

two electrone in the K shell and eight electrons Im the L shell. As the
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specimen purface is bombarded with 1-5 keV of energy, an electron can be
removed fyom the atom by the incident electron beam- Thie process only
occurg when the binding energy of the core electrons 18 less than the
kinetic energy of the electron beam.(85) If this condition exiats, an
electron of an inmer shell {such as the K shell, as shown in Figure 14)
ig removed [rom the atem. A hole or vacancy is created in the lnner
shell as this electron is ejected. At thie point, the atom is energetl-
cally unstable. To regaln stabliliry, an electron from a wore shallow
energy level now fills the vacancy left by the first ejected electrom.
It 1s useful to recall at this point that as an electron increases in
its digtance from the nucleus, it alse increases in the amount of

energy it possesses.(aﬁ) Therefore, as the second (more shallow,

highet energy) electron fills the wvacancy left by the first electrom,
excess energy is given off. This excess energy can be released in the
form of an X-tray photon. Im khis case the electeon would momentarily
fluoresce and would possess an amount of enetrgy Ex equal to the energy
possessed by the K ghell electron minus the energy posseseed by the L
ghell electron {Egx = Ex — E}). Alternately, however, the excess encrgy
can instead be given to yet another (third) electron, If the third
electron possesses encugh excess kinetic emergy, 1t will be ejected from
the atom. This electron is known as the Auger electron. Referring back
to Figure 13, 1t can again be noted at this point that when the Auger
electron 13 emitted from the surface of the specimen, it enters the
vacuun of the epectroweter and may be counted by the electron multiplier,
providing it approaches the slit opening at the proper angle. In the
vacuun chamber, the emergy of this ejected Auger electron can alse be

mensured and then fdeatified with that of a specific element.
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Tt {e interesting to mote here that the third (Auger) electron may
either originate in the same energy level as the second electron {labeled
"Final Ionized State” in Figure 14) or, alternatively, the Auger eleciron
may originate in a more shallow (higher energy) level. This latter pro-
cess 18 depicted in Figure 15 in an adaptation of a drawing by Riviere.(87)
This process deplcts the same sequence of events as does Figure 14; the
style differe slightly between the two, but the main difference lies in
the origin of the Asger electron. By convention, each traneition is
named by the electrons which relocaced.{88) Therefore, Figure 14 depicts
what fa known as a KLL transition, while Figure 15 deplcts a KLM transi-
tion. For the KLl transition of Figure 14, the energy of the Auger elec—
tron Ej equale the energy possessed by the X shell electron minus the
energy pusaessed.by two L shell electrons (Ej = Ex — 2 Ep). For Figure
15, the energy of the Auger _electron EA equals the energy possessed by
the K shell electron minus the energy possagsad by the L shell electron

ainus the energy poseessed by the M shell electron (EA = Ex — Ef, ~EM)-

&.4 The AES Analynils Technique

As mentioned earlier, the plo!:_shwn'in Figure 5 demcmsgtrates that
the Auger electrons bombarded off the specimen gurface possess different
amounts of energy, depending upon what transition type occurred {FLL, T1MM,
etc.). Specifically, the lower curve in Figure 3 represents the number
of electrons N(E)} having a certain energy E, In electron wolts. Aa a
beam of electrons with an e-nergy Ep (here P » 1000 eV} strikes the
sutface of the sample (in this case, carbeon}), Auger electrons are re—
flected from the purface at energies ranging from zero to Ep (1000 eV).

As Figure 5 showa, the number of electrons at each enevpy level im umequal.
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One peak of electron energles occurs at 1000 eV; this peak represents
electrons which were reflected from the surface with no loss in energy
whateaever. These electrons always possess the same energy Ep as the
incident electron beam {in this case 1000 eV), and the peak they create
48 knowvmn as aﬂ elastic peak. Figure 5 ghows the presence of a pesmk just
below the elastic pesk; representing electrons scattered from the carbon
purface aftar loging fived amounta of energy, this peak Is known as the
plasmon peak. Ar the energy range 735-200 eV, electrong produced by a
cascade process within the solid form a broad peak knowm as a true
secondary peak. Such peaks as the elastic, plasmom, and true secondary
pesks occur as a result of the Auger process but are useless in determin-—
ing elemental compoeition of the sample and ao are uaually ignored, {89}
They are mentioned here only to contrast their behavier with the behavieor

of important Auger peak{s).

In the case of carbon, the peak necessary for elemental analysis
i the one which appeara at 258 eV. This peak is distinguishable from
other noneseential peake {elastic, plasmon, true gecomdary) in that 1ic
accure at a relatively fixed enerpy. PRor example, 1f the incident
electron bean energy Ep was increased to 2000 eV, the elastic, plasmon,
and true secondary peaks would move along the energy axis accordingly.
The peak located at 258 eV, however, would not move considerably. It is
this ability of certain Auger electrons to occur at relatlvely constant
energy levels for each element which is used in a wmethod to identify
elemental composition. By perferming AES on pure samples, characteristic
peak locatiomg can be recorded. An unknown can then be analyzed and its

peak locations compared with those of pure samples until matches can be
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. made and an elemental composition determined. As mentioned earlier,
ingtrumentation 1a avallable which can perform this process automatlically

as the unknown is analyzed.

It should be mentioned here that for purpeses of simplicity, the
actual energy distribution for a carbon specimen has been modified by
this author in order to simplify explanation of the data. ¥eep in miad
that carbon has more than one Auger peak which 1s used in elemental

'analysis as do most other specimen samples (see Figure 5).

It is luteresting to note here that a theoretical approximation of
the energies at which Auger electrons will appear can also be obtalned
using certain complex formulatiens. Persons interested in obtaining
guch formulations may refer to the article by Riviere listed at the end

of this report.

To effectively reduce the backgrowmd peaks (such as elastic and
plasmon peaks) upon which the Avuger peaks are superimposed, it is often
convenient to electronically differentiate the N{E) function with respect
to E (ges Figure 5, upper curve). This ig accomplished by applying a
small AC voltage on the DC energy selecting veltage while synchronously
detecting the output of the electrom multiplier.(go) As ghosm in
Figure 5, this has the effect of removing the background from the carben

peak and making the Auger pesk essler to deteet.

4.5 Concluslona
In conclusien, although Auger electron spectroscopy ia a relativaely
new tool in the field of metallurgy and chemistry, it has several poten—

tially valuable uses. Some areas of interest in which AES studies ara
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useful are corrosion, alloy formationm, catalysis, thin film growth, and
surface chemical interactions. One of the present major uses of AES
i1s the detection and identification of fspurities at grain boundaries
of metals.(91) with sufficient stimuli, the technique of AES will
hopefully become inereasingly useful In labsratories, and occupy a role

comparable in importance to X-ray diffraction and wicroprobe analysis.
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3.0 THE INFLUENCE OF SURFACES ON THE BEHAVIOR OF SCLIDS

5,1 Introduction

Hodern technology depends on the special properties of certain
sollds for the satisfactory performance of manufacturing proceases.
For the most part, theee special properties are the bulk properties,
but for an important group of phencmena these properties are the surface
properties.(92) The properties of solids in general can be divided
Into two groups:(93)

{1) mechanical properties, and

{2) electromagnetic properties.
Mechanical surface properties (such as the frictional behavior of sliding
surfaces) depend on the attractive forces between atoms of surfaces in
contact; these mechanical surface properties aloo depend on rthe bulk
plastic deformation properties of materials.(%4) (Plastic deformation
Involves & permanent change in the shape of a plece of metal, or in the
constituent e¢rystals, brought ahout by the application of mechanical
force which causes the crystals to slide or glide along slip planea).(%3)
The plastic behavior of a solid is much influenced by its surface condi-
tion; surface irregularities produce stress concentrations which affect
the initiztion of deformarion, and layers of forefgn atoms on the surface
can affect the development of deformation.(96) {Deformation is defined
as a change of form under mechanical stress).(?7) The lubrication of
8liding surfaces ie greatly affected by the adsorption of molecules of
lubricant onto the surface. The greater chemical reactivity of the surface
atons of eolids causes adeorption of different molecules or atoms onto the

surface; such adsorbed atoms can react chemically with each other.{93}
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While solids are conveaticmally distinguisghed from liquids by

being classified as pieces of matter of fixed shape, this distinction
becomes a matter of degree when the solid ia at a temperature near the
melting point.(99) At bigh tesperatures, atoms of a solid take part fn
diffugional motion. Surface atoms can be much more moblle than the atoms
in the interior of a erystal. BSurface diffusion alao plays an important
role in erystal growth from the vapor phase. Atoms can condense on any
.part of the crystal surface and diffuse along the surface ko growth sites

where they are incorporated fn rhe lattice.

The electromagnetic surface properties Include the reflectivity
(the quality of casting back light or heat){101} s4nd thermal emissivity
{the abllity of a surface to radiate energy)(loz) for electromapnetic
radiation of all wavelengthe, and the thermionie and photoelectric
emission of electrons from surfaces. The special properties of surfaces,
such as reflectivity, depend on the differences between the bulk proper-—

ties on either side of the surface.(103)

A free surface affects the electrical conductivity of metale in
wnany instances.{104) pnder normal circumstances, these effects can be
ignored, but for very thin films and atr very low temperatures, the
effects bacome appreciable.{105) Surface effects can be especially

important for semiconductors.(106)

On the atomie scale, the difference between the surface properties
and the bulk properties of any given material is due to the fact that
the surface atoms have a emaller number of neighboring atoms.{107)

The smaller number of neighbore reavlts in the gurface atoms being less
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tightly bound to the lattice sc that there 1s pome additional energy
{the surface free energy) stored in the surface. For a crystalline
materfal, dlfferent crystal surfaces have differenmt atomic arrange-—

ments and therefore different propertiss.(108}

5.2 Modern Implications of Surface Effects

B=cently, ameveral factors have come together to focus sclentista’
attention and effort on the investigation of surfaces.{109) oOne of
these factors is the role of surfaces in miercelectronics. As micro-
electronic devices are made smaller snd smaller, the fraction of atoms
in the device which are close ro the surface increaseg; consequently,
the surface itself becomes increasingly importent to the operating

properties of the device.

Surfaces also play an iwportant role in vapor deposition processes.
Vapor deposition methods are uged extensively in manufacturing micro-
electronic devices because complex patterns can be crested in a single
step-(llo) The characteristics of the devices depend on the composition,
homogenelty, perfection, and integrity of the deposited layers. These
in turn depend on the condition of the surface during depoaition:{111}
the degree of cleanliness of the substrate surface before deposition,

the rougt {smooth of the surface during growth on an atomic or

microscopic acale, the presence or absence of adsorbed species, the
presence or abgence of dust particles on the surface (which, when present,

ean cause the formation of "pinholes™ in the layers), and sc om.

Another factor contributing to the current interest in aurfaces is

the commercial avallability of reliable ultrahigh—vacwuw equipment that
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can operate routinely in the 30”10 torr range (10710 torr is equal to

the pressure exerted by one ten—billfouth of a millimeter of mercury).(112)
In guch equipment it 1s possible to maintain a clean aurface.for a reason—
able period of time; consequently, this haes led to the development of
wmethods for cleaning surfaces and methods for monitoring surface eleanli-
nesn, both of which are necessary for reliable and reproducible gurface
studies.(113) The avalilability of clesn surfaces hss led te a prolifer—

ation of methods of studying surfaces.

A lack of theoretlcal understanding also contributes to the current
interest in surfaces.(1'%) Many bulk properties of materfals are under-
stood, but this understanding Is based on models which, for the most part,
do not treat surfaces properly. Some scientists are therefore turning to
surfgces as a fruitful field of study and are beginning to examine the

role of surfaces and thelr effect on a wide variecy of properties.

5.3 A Standsrd Surface Study Technique: Vapor Deposirion

Vapor depositionm 1s used in a wide variety of processes in micro-
electronics; 1t 18 used to grow oxide on etlicon for electrical insulatiom
and 18 alaso used to apply metal conductors, to make capacitors, and to
meke resistors.{115) fThe vapor deposition processes Iin use include
several different types of reaction between & gas and a surface:{116)
deposition, co~deposition (on the pame material or on a different mate-—
rial), chemical reactlon with the surface layer, single crystal deposits
(epitaxy), polycrystal deposits, and amorphous deposits. The varlety of

procesaes 1s virtually unlioited.

Yapor growth procesees can be divided into two broad categories:(117)
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the vapor depoasition of materials which have a sufficiently high vaper
pressure so that they can be transperted diroctly as a vapar, and chemical
vapor deposition, in which a high vapor pressure compound is formed to

transport the specles to be deposired.

Dnelcf the greatestr problems in vapor deposition is the condition of
the substrate surface.(}18) 1f the surface has been exposed to air,
then there are likely to be any of several atmospherie species adsorbed
on it, such az gxygen, carbon dioxide, water, and hydrogen. (Adsorption
is the accumulation of atems or wolecules on the surface of a solid or
liquid from the medium in the immediate vieinity of the surface.)(llg}
Ap an example, glass usually has many tens of monolayers of water adsorbed
on it {a monolayer is one molecnle thick)., In addition, other speciag
can be introduced onto surfaces during processing. Impurities in the

bulk can also segregare to the surface.

As mentioned earlder, the adsorbed species may be grown over and
trapped into the crystal by the BTOWth process, or they may be ahle
to diffuse on the surface or through the bulk suffietently rapidly so
that they can stay at the surface during growth. In either case, they

can form a significant Impediment re the growth process.

If the adsorbed species becomas trapped in the crystal during the
growth process It can have adverse effecra. A wonolayer of lmpurlty
trapped in = 1000 g (300-atom-thick) deposit corresponds to a 1/3 per—
cent impurity level, which is intolerable for many devices.(120)

This illustrates why ultraeleanliness, high-vacuum systems and Tapid
deposftion rates (te cut down the time availzble for adsorption) are

necezpary conditions in vapor depositicn.
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If a dust particle i on a surface during vapor deposition, it will
cast a shadow in the deposited layer, leaving a hole in it. Such a
“pinhole” in a conductor may be of little consequence, since it perely
reduces the effective cross section of the conductor. On the other hand,
a hole in an insulating layer can be disastrous 1f the conductor on top

short-circuite through it to the conductor below.

5.4 Additional Surface Study Technigues

There are many processes besides vapor deposition in which adsorbed
Bpecies are 1npnrtant.(121) Adbesion of one material to another, for
example, dependa on the chemical bonds across the Interface between them.
Two merals adhere well to each other if their surfaces are clean; this
fact has led ro the phenomenom of rold welding, which has been demonatra-
ted in ultrahigh-vacumum systewms and in space-clzz) However, when metals
which have been exposed to the atmosphere are brought into contact, the
metal-towetal bonds cannot form, Instead, the adsorbed species on ome
surface come into contact with the adsorbed apecies om the other surface,
and adeorbed species, 4in general, do not adhere to each other. Chemical
Teactivity also can depend strongly on adsorbed species. For example,
copper or nickel adeorbed on the surface of silicon greatly speeds the

rate at which hydrochloric aci1d will atctack the silteon.(123)

5.5 Conclustons

In pummary, there ia little doubt that many praperties possessed by
the bulk of the solid are surface sensitive.(126) The recent development
of numerous materials analysis tectniques can only help to deteruine what

other propertiee are surfice seusitive.
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6.0 METHODS OF MATERIALS ANALYSLS

6.1 Introduction

Ag stated earlier in this report, it is necessary fo uge ultrahigh-
vacuum systems In order to study clean surfaces and so isclate the effects
of adsorptien. In air, the adsorpticn on a surface occurs very rapidly.
At ordinary pressures, a monolayer can form in a few billionths of a
-eecond.{123)  In contrast, in an ultrahigh=vacwum system at about 10—10
torr it takes about an hour for a wonolayer to form on the surface.(126)
In rthe last decade or so that comercial vacuwwm systems capable of opera-
ting in the 10~10 torr reglon have become avatlable,(127) it hag finally
been possible to maintain a clean murface lomg encugh for experimental

purposes.

New tecimiques that permit detailed investigatfon of wmany of the
properties of surfaces have been developed over the past several years;
Table 1 (shown on page 53) gives a liat of the types of techniques avall-
able.(128) These techniques fall inte three general categories, each

providing a different kind of information about surfaces:

(1) techniques that provide an actual picture of the sutface,
formed by some direct imaglop technique; this technique
delivers topographic and geometric imformation about the

surface,

(2) techniques that give Information about the arrangement of

atomn at the surface, ueing diffraction, and

(3} wspectroscopic techniques thet provide information about the

chemistry and electronic propertiea of the surface, by an
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METHOD'S FOR STUDYING SURFACES

Technique

Application

DIRECT IMAGING

Fleld-emieaion microscopy

Field-ion microscopy

Trenenfsaion electron microscopy

Scanning electron mfcroscopy

Scanning X-ray

Show dependence on orlentation of
work function

Show positions of individual atoms
in surface layera

Show crystal structure of film;
with replica technique, ghow surface
topography

Show surface topography

Identify and show distribution of
various specles at surface

DIFFRACTION

Low-energy electron diffraction
{LEED}

High-energy electron diffraction
(HEED)

Show arrangement of atoms to a depth
of a few menolayers

Show arrangement of atoms near
surface

SFECTROSCOPY

Anger spectroscopy

X-ray microprobe

Ion—neutrallzation spectroscopy

Ion bombardment

Positive—ion mass spectrometry

Infrared spectroscopy

Table 1

Detect small quantities of forelgn
atoms on surface

Identify species near gsurface

Identify surface atoms and determine
energy states

Detect and fdentify surface atoms

ldemtify trace elemente in small
volume

Petermine electronic configuration
of gurface atoms



5=

energy analysls of the Interaction of lons, electrons, ar

1ight with the surface.

6.2 The IMrect Fmaging Techniques

As meen in Table 1, the direct imaging techniquee include field—
emission microscopy, field—ion microscopy, scanning electron microscopy,
and transmizsion electron microscopy using surface replicas. In addition,
the electron microprobe and a similar technique using ions can be used

to give composition imapes of the enrface.

The apparatus for field~emission microscopy 1s barically simple.
Firat of all, the specimen Is prepared in the form of a sharp tip.(lzg)
This very fine tip is placed at the center of a glass sphere of approx-
imately 10 centimeters diameter which has been coated on the inside with
a fluorescent material.{130) The glass sphere is rthen pumped out and a
potential ie applied between the tip and the inner surface of the glass
sphere. ZXlectrona ¢an be pulled from the tip and are then accelerated by
the applied voltage to the fluorescent sereen. The pattern that shows up
on the fluorescent screem depends on the work functfion of the material
(the work function is a measure of the ease with which electrons can be
detached).{131) 1In vapor deposition studies made on tips of this nature,
a few momplayers of a different species present on the surface could be
detected by the change in the work function; this basic method has been

extended to make the field-ion micrascope.

The field-ion microscope 1s sfmilar to the fleld-emizeion apparatus
except that the electric Field 1s reversed and the imaging is done by
ionized gas atoms.(132) The gag atoms become fonized s¢ close to the

surface that the flelds of individual atoma can be seen.{133) oOnce the
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gas atoms have ionized, they accelerate rapidly towards the fluorescent
screen; here they make an image which reveale the position of individual
atoms on the tip. Grain boundaries and other defects can be mecem and
studied using this method. However, the number of materials which can
be vsed for the tip 18 limited because the voltage necessary to ionize
the gas atoms i{s almest emough to pull atoms from the tip. Most solida

are not strong enough to withstand the high electrical fields required.

This effect can sometimes be turned to advantage; successive layers
of atoms can be peeled off the tip by increasing the voltage slightly,
thus revealing impuricy atoms and vacanr atom sites when they are at the
surface of the tip.{134) The enormous magnifications which ensble
imaging of individual atoms are simply a result of the Tatio of the tip

radius to the viewing-screen radiug.{l33)

In transmission electron mlcroscopy an image is formed by using
magnetic lenses to focus electrens which have been accelerated through
50 kilovolts or more.{138)  These electrons can penmetrate a fraction
of a micron into wost materiale.(137) Tranemisston electron microscopy
pives significant fnformatfon sbhout the structure of thin films or other
materials which have been “thinned,” but only limited Information about
surface topography. However, replica techmiques have been developed to
reveal the surface structure. A thin layer of plastic or carbon cam be
deposited on the surface amd then atripped off. Thia layer forms a
replica of the surface which can be shadowed by evaporating pold or
silver onto ft at a low angle of incidence, The replica ie then exam—
ined by transmission electron microscopy and reveals detalls of surface

topography with a resolution of about 20 Angstroma.{l38)
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The pcanning electron microscope also gives information about sur—
face topography, but ite reselution is limited to about 100 Angstroms.(ng]
The image 1s made by eweeping an electron beam gcross the aurface of
the sample in eynchronism with a display beam on & cathode ray tube.

The intensity of the electron beam In the cathede ray tube is controlled
by the number of secondary electrons emitted from the surface. The image
thuas formed has much preater resolution and depth of field than an opti-
cal microscope Image. Also, since the electron emlssion 1s greater, the

image looks like a real picture of the surface.

A slwilar scanning teclmique, but one which uses the X-rays coming
from the surface rather than the electrons, can make an image that showa

the spatial distribution of various species at the surface,(140)

The resolution of an X-ray is usually significantly poorer than that
of a gcanning mieroscope, because the number of T-ray photons generated
is small, but recent lmprovements in instrumentation have greatly improved
the image quali.ty.(l‘“) An imapge of the surface showlng the disetribution
of a chosen impurity can also be made by collecting secondary ions produced

by sputtering.(1%2)

6.3 The Diffraction Techniques

Low-enexpgy electrong are an fdeal tool for etudying surfaces on an
atomic scale.(143} The technique using such electrons is known as low—
enerpgy electron diffraction, or LEED. LEED provides information about
the surface arrangement of atoms. In LEED, low—energy electrons (on the
order of 100 volrs accelerating voltage) are directed onto 2 surface which

is approximately one square centimeter in area.(144) The diffeaction
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pattern made by the coherently seattered electrons 1s obaerved. Since
these low-ecnergy electrons pemetrate only 2 few atom distances into the
erystal before they are scattered, sn important part of the observed
diftraction pattern comes from the atoms at the surface and dieplays the
regulariticn in the surface arrangements.(143} A partrial monolayer or a
monolayet adsorbed on the surface will produce a diffraction pattern
which ghows the periodicity of the adesorbed layers superimposed on the
periodicity of the aubstrate; however, several monolayers of adsorbed

material will obliterate the surface pattern.

LEED 1s a sensitive merhod for ohserving adsorption on & surface
and, because of this, imposes stringeat tequirements for surface prapara-
tion and cleanliness for reproducible results.({146) A1l LEED experiments
muat be done in ultrahigh-vacuum systems so that the surface vill stay

clean long enough for observations to be made.

The game kind of tnformation can be obtained from high-energy
alectron ¢iffraction, also known as HEED. HEED uases much more emergetlc
electrons incident on the surface at a glancing angle. The path length
of the electrons in the crystal is much lenger, but i1f the incident beam
15 almost parallel to the surface, the penetration to the surface will
be quite small and so the diffraction pattern comes primarily from the
surface 1ayers-(1“) HEED can be particularly useful In examining
bumps or particles on a surface; at glancing incidence, the electrons
will reflect off the tops of the protrusions. The lnformation that can
be dervived from these scattering events can be used to determine many

chesical and physical features about the host natertal,(148)



6.4 The Spectroscopic Techniques

The spectroscopic techniques for surface analysis depend on the
interactlon of electrous, ions, or light with the surface. One of the
most sensitive methods for obtalning information about impurity atome
on a surface is AugeT spec:roscopy;(lﬁg) this method iB discussed in
detail in Sectlon 4.0 of this report. In Aoger spect¥OBCOpPy 8 mono—
puargetic electron beam (a beam consisting of electrous whose energies
are within an extremaly narrow range), with an average enetrpy of about
3 keV,(159) is directed at the gurface. The incident electrons excite
the electrons of atouws in the sotid, which then lose emergy by transfer—
ring It te another electrenj this is known as the Auger process. The
Auger electrons escape from the surface 1f they are generated close
enough to it. The energy distribution of the electrons which are knocked
out of the surface depends on the specles present within a few atom
layers of the surface. The princlple advantages of the Auger method are
that it is non-destructive and may be uged to determine properties of the
waterial studied in a smell ares of that material.(151) The technique

can be used to decect small quantities of foreign surface atoms.

The X-ray microprobe uses high-energy electroms (accelerated by 10
toe kV)(152) to irradlate a small wvolune of material near the surface.
The X-rays coming from the gurface identify the specles present in the
volume irradiated. Thie method ecan detect oaly falrly thick surface
layere since the high-energy electron beam (it must have high energy to

excite X-rays) penctrates at least one micron inkte the material.(153}

Iom-neutralization spectroscopy ran be used not only to identify

surface atoms, but also to determine the energy states of atoms at the



'snrface.(15ﬁ) An fonized atom incident on the surface under a small
sccelarating voltage (4 to 100 volts)(155) producee electrons whose
energy spectra can be analyzed to obtain information about the local

density of states at the solid surface.

A chemical analysis of a surface can e obtained by an ion-bombard-
_ment technique. The surface is pombarded with relatively high-energy
(100 to 2000 ev)(156) fons of @ rare gas. The energy distribution of
the backscattered lona depends on the mass of the surface atoms, and can
be determined with a mass spectrograph. The penetration of the incident
foas is sufficiently small so that small amounts of adsorbed impurity can

be detected.

Posttive—ion mass spectrometry, although basically a bulk rather
than surface Lechoigque, analyzes only 2 small volume, and 1s very aensi-
tive to trace amounte of lmpurity. A sensirivity of 10 parts per hillion
has been claimed for this new technique, which consists of sputtering
atoms from a swall area of the surface with oxygen or other ioms st high
energy (about 10 keV), and then analyzing the sputtered atoms with the

ald of a senpitive mass spectrometar.(157)

Infrared spectroscopy locks very promising for the future, largely
becavse of the development of high—energy lagers.(138) wich it, the
electronic configuration of the atoms on the surface can be detected.
For example, it is possible with infrared to tell whether carbon and
oxygen on the surface are present as separately adsorbed carben and
oxygen atoms, or whether they are joined together as C0 molecules or COp

molecules.(13%)
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6.5 Conclusions

Thie impressive array of new techniques, many of which are possible
only becsuse of the advent of ultrahigh-vacuum systems, can glve much
detailed information about surface structures, surface cpecies, and
surface topography. However, all of these techniques are complex and
reguire sophisticated {nstrumentation, very careful sample preparation,
and a high degree of experimental ability. Seldom can more than a few

of them be epplied {a the same apparatus to the same material.

These techniques held the promise of being zble to characterize
topography and atomic arrangement, and to determine the specles present
at a gurface and the electrenic configuration of those species. Thia
knowledge will be important for anraveling the complexities of the

structure and properties of surfaces and surface states.
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7.0 APPLICATIONS OF TECHWEQUES

7.1 Studies Performed Using Electron Spectroscopy for Chemlcal Analyeils

!ESCA)

7.1.1 Introduction to Electron Spectroscopy for Chemical Analysie {(ESCA)

Electron spectrogcopy for chemiecal analysig (ESCA) 1a also known
ag X-ray photoelectron spectroscnpy.(lﬁo) This method involves the
-exposure of a sample of interest to a source of monochromatle X-rays,
followed by analysis of the energy of the specirum of emitred photo-
electrons from the sample.(lsl) In this way the binding energies of
the electrons in both the core and valence bands sre weasured. This
information in turn provides information of a chemical nature about the

bulk sample, and in particular about its surface.

Ag with related techniques mentioned earlier in rhis report (see
Secrion 6.0), the experiments using ESCA must be performed in a vacuum,
Sanplea are generally sollds, but may be studied while in such forms as

powderes or frozen liquids.(lﬁz)

7.1.2 A Study of Fluoride-Treated Tooth Enamel Using Electron Spectros—
copy Eor Chemical Analysis (ESCA)

Electron speciroscopy for chemical analysis (ESCA) has been used
to study the chemical properties of different fluoride coatings on tooth
enamel, (163} Depth—-composition profiles of the fluorlde coatings were
obtained by measuring photoelectron peak amplitudes a8 a function of
argon sputtering time,(16%) Measurements of the binding energy of the

photoelectron lines as a functlon of depth helps determine chenfcal



aseociation. For example, binding energy measurements of the stannous
flueride coating in one tooth ensmel sample under investigation showed
that tim is primsrily bonded to fluorine: this was also true for the
photoelectron spectrum of the sodium fluoride coating in aumother sample

tmder study-(lss)

The depth profiles obtained for the sawples under atudy demon-
strated that 1t 1s poesible to characterize enamel coatings as a func—
tion of depth.(lﬁs) In addition, the results of this particular study
showed that the tooth enamel samples treated with eodium fluoride pos—
seesed a higher binding energy for sodium. The existence of this higher
binding energy for sodium suggested that a stronger sodium—fluerine bond
exists in these cases than {n ecidulated phosphate fluoride mamples or

sanples treated with monofluorophosphare.(167)

The binding of certafn compounds to tooth ensmel is algnificant
in rthat a certain milleu is created arcund the tooth; this milieu can
efther retard or encourage the growth of bacteria on the enamel. Most
Pereons can attest to the destruction and eventual paln resulting from
this adhesion of bacteria to enamel; the dollar cost of Teversing the
damage incurred to the teeth ia reflected im dental billa. An insight
into the important role ESCA and other surface analysis technigues play
in such health fields ae medicine, blology, and chemistry can be gained

'through familiarization with such etudiee as the one just discussed here.

7.1.3 Surface Analysis and Depth Profile Composition of Bacterial Cells
Using Electron Spectroscopy for Chemical Analysis (ESCA) and

Oxygen Plasma Etching

Ag mentioned earlier, electron spectiroscopy for chemfcal analysis
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(ESCA) (also known as ¥-ray photoelectron spectroscopy) gives the energy
Bpectra of electrons that are photoe Jected by exciting X-raye from the
surface layere of a specimen.{168) The spectra provide information
about binding energy of the ejected electrons and therefore provide

the elemental cowpositfon of the specimen surface. The surface depth

8a analyzed is on the order of a few nanometers.(169) Low temperatuye
oxygen plasma etching oxidizes the eurface lavers of & specimen at
tenperatures below 100°C, etching away the organic matrix and leaving
behind mineral oxtdes and salts of the exposed elements.(170} The
morphological results of such etching can be ascertained ueing electron

mierogeopy.{171)

A combination of surface analyeis obtained by X-ray photoelectron
spectroecopy and oxygen plasma treatment of biological specimens can
therefore yield the elemental composition of the outermost surface aas
well as in-depth elemental proafiles of the same specimens ag etching
progresses.(172) ms rarionale was applied ta & study of the diamtri-
bution of teicholc acids in the cell walls of Gramnpogitive bacterta,
the nature of cationg on the cell surfaces, the layering of the envelopes
in Cram-negativa bacteria and the macrorolecular composition of the cell
surfaces. {173} I-tay photoelectron spectroscopy was used to analyzae
the outermost (Z—S'nm)(1753 surface of bacterial cells. Elemental

analysis of the cell surfaces in Bacdllus sobtilis 168 and Bacillus

megaterium KM gave a strong edgnal attributed to teichoie acids; con—

versely, telchoic aclid-lese Micrococcue lysodeikticus had a YeTry weak

signal for telchoic actds.(175) gxygen Plasma etching combined wirh

¥-ray photoelectron spectroacopy and electron microscopy was used to
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obtain depth profiles of the cell suTfaces, Digtriburion of telchoie
meid throughout the cell wall of the two Bactllus speclies was also
demonstrated. (176) Results obtafned in this study indicated that the
atomic rarios {C:0:F) of the surfaca biopolymers essentially agreed with

known gurface compogitions for the species studied. (177}

In investigations auch as the ome examined here, aurface aoalyais
techniques can be used to verify or challenge results obtained earlier
using other analysis techniques. 1n this particular study, the verifi-
cation of the presence of teichofc acids in the cell walls of the gpecies
examined ie importane for several reasong, two of which are as follows:

(1) Teichoic actda are Important as specific cell-surface antigeng

of Staghyloeoccus, Streptococcus, Lactohactllus, and Bacillus

specles.(178)

(2) The presence of teichoie acids indicates a Graw-positive rather
than 2 Gramnegative bacteriug. (179) Each bacterium type
differs tadically from the otker in gtructural teatures as well
28 In response te varions nicrobiclogical tests.

The identification of a certain bacteriug ag either Cram-negative or
Gram-positive thus Provides a realm of information about the character-
istfes of thar particular bacterium and alse identifies how the bacteriue
compares in its cheracteriatica with other known bacteria. This study
agaln exemplifies the importance of surface malysis techniques in flelds

other tham marerials acience.

7.2 Studiee Performed Ueing Mass Spectrometry Combined with Modern Lager

Technology




7.2.1 Introduction

In this microproba analysis system, the laser-beams are used to
supply fonization energy for the ionization of the sample and are algo
used ag focusing aide.(180) More specifically, the process occurs ae
follows:(181) 4 kigh power pulsed laser beam is focused onto the
tample at & diameter of less than 1 m by a high quality optical micro~
scope whick, at the same time, 1s used to observe the eample. By the
interaction of the ultraviolet lager light and watter positive and
hegative lone are generated which are mase analyzed by the mass spectro—
meter. The process generatas an extremely high data rate. The spectra
are either sutput on a pen Tecorder or are transferred to a couputer for

further procegsing.

Many types of compounds and materialg can be analyzed quickly
uslng this process. Some examples inelude:(152)
(1) embedded tissue secrions moumted on gtandard electron micro-
Beope gride,
{(2) smears apd thin layers of cells or bacteria Brown on sﬁppnrt
material,
(3) powders depoeited on wicrogrids,
{4) soluble compounde deposited on supporting film, and
(5) particles up to several mm in diameter.
Sirece this process is capable of analyzing several types of specimens,
1t has s wide range of applications. Thace include; (183)
(1) trace element analysis in unicrosamples,
(2} micreoprobe analyais of biologteally active ioma,

{1) analysis of particulate materials euch as dust and aerosoles,
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(4) non—volatile compound analysis,

{5) fingerprinting of bacterta and polymers $y lager pyrolyais/
lonization,

(6) compound tracing in tissues, and

(7) layer-by-layer analyais of specimens.

7.2.2 4an Investigation of Caleium Stores in Retipas Using Mags Spectrro—
metry/Modern Laser Technology

The concentvation level of Intracellular or extraecellular caleium
{Ca) atrongly influences the 1ighe respomse of photorecepror cellg.({l84)
It econld therefore be expected that a tegulatory system within the retina
exlets to coutrol rhe concentration of extracellular and intracellular Ca.
Such 2 system would need large stores to be able to effectively accumylate
excessive Ca or to supply tt in the cesa of depletion. A mass spectro—
netry/quern lager technology system (described in Section 7.2.1) was
used in & study to prove or disprove the existence of such Ca stores.(185)
Likely candidates for thase were the mitochondria, since they are known
to be able to accunulate Ca in other systems.(186) 1, addition, there
are large amounts of mitochondria densely packed within the inner segments
of wertebrate photoreceptor cells.(187) [, thig investigation, sections
of frog retina (@.1-1.D un section thickness) were exanivced using the
procese described in Section 7.2.1.(188) Figure 16(18%) 15 a oicpo-
graph of a frog retina section before analysis, while Figure 17(190)

ghows part of the same section as ahown in Figure 16 after analysis.

As was expected, structures containing exceptionally large awounts
of Ca could he found; however, contrary to expectation, exceptionally

Mgh amounts of Ca could be detected in the black shielding pigment
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(see Figure 17).(191} 1y the witrochondria, a comparatively low Ca

concentration was found.

Az can be seen by cowparison of the micrograph in Fipure 16 with
the micrograph in Figure 17 (taken from the same section before and after
analysia, respectively), much information about the analyzed structures

can be galned with electron—microscopic resolution.

7.2.3 An Investigation of the Localization of Tons in the Cell Wall
Layers of Treated Wood

S$ince effective wood preservation is of high economic interest,
knowledge of the effect of preservatives on wood 1s of great Importance.
In a etudy done on the effect of the solutioms KaCry07, NzF, CuS04; and
others on wood preservation, the main interear was to determine the
distribution of the fons within the weod cells or cell walle.(192)

The analysis using mass spectrometry/laser technology showed that in the
pine wood section analyzed thera de an irregular distributfon of the ions
elong the cell walls; however, there is a signi ficant preference for
chronium compared with copper.{193} Thig can be clearly seen from a

spectrum which was taken at a pofnt within the cell wall (Figure 18).(194)

7.3 Conclusions

The value of surface analysis techniques to the materiale sefentist,
blologist, chemist, dentist, or forensic physician 1a demonstrated by the
volumes of knowledge which have been gathered through the uge of surface
analysis methoda. Only a few examples have been mentioned hera for
purposee of brevity; however, many mare conbimations of techniques and
applications of those techniques are In existence. It 1g the Ffirm belief

of thia author that innumerable techniques are yer to be discovered.
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