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CLEANING FOR VACUUM SERVICE

R.J. Reid
CLRC Daresbury Laboratory, Warrington, UK

Abstract

This paper will discussthe badgroundto choasing an appropriate deaning
processfor avaaium vessl or comporent dependent on the presaure regime
required. Examples of cleaning tedhniques and processs will be given and
ways of determining whether or nat an item is aufficiently clean will be
discussed.

1. INTRODUCTION

Experience shows that in order to achieve dl but the most modest levels of vacuum it is necessary to
clean vaauum vessels and comporents in some way. This is because a far as vaaium is concerned,
the world is a dirty placé In general, vessels and comporents will have been machined, worked in
some way or ancther, or handled. Such processes may use greases or oils which have high ougassng
rates or vapou presaires and which will remain on @ in the surface Marking pens and adhesive tapes
leave residues on surfaces that can also enhance outgassng. Water, solvents and aher liguids can
remain embedded in cradks or pores in a surface ad can ougas over long periods. All such
contamination can limit the base presaures attainable in a system.

In general terms as far as vaauum is concerned, we define contamination as anything which

. prevents the vacuum system from reading the desired base presaure

. introduces an unwanted or detrimental spedesinto the residual gas

. modifies the surfaceproperties of all or part of the vacuum system in an uncesired way.

Thusfor example, apod of liquid mercury in avaauum system will, at room temperature, limit
the base presaure to about 2x10°mbar, its vapou presaure. If the system were required to operate &,
say, 10°mbar, the mercury would be a ©ntaminant.

In an eledron storage ring, the aoss ®dion for eledrons <atering df aresidua gas moleaule
increases as the square of the @omic number, Z, of the scatering spedes. Thus, for long lean
lifetimes (i.e. low eledronlosss), it isimportant to minimise the partial presaures of high-Z spedes
which are contaminantsin the residual atmosphere.

In a system operating at 10° mbar, the partial pressure of hydrocarbors might be 10" mbar.
These hydrocarbon moleaules griking a mirror surface ca cradk or poymerise when irradiated by
eledrons or phaons, leading to maybe graphite-like overlayers or to insulating layers. A complete
mondayer might form in abou 12 days, assuming that 1 in every 10 moleaules impinging onthe
surfaceis cradked and sticks. The optica properties of the mirror are therefore dtered by the surface
bewming contaminated.

Hencethereis anecesdty to clean to remove adual or patential contaminants. We will define a
suitable deaning processas one which results in the residual vaauum being suitable for the task. This
definition is heavily influenced by the observation that most people who wse vaauum are not
interested in vacuum as aich bu are interested in an indwstrial process (semiconductor chip
produwction a metal refining for example) or a scientific experiment (such as qudying chemicd
caalytic readions on a surface or operating a machine (maybe aparticle accéerator). What they are
interested in is having a defined, controlled atmosphere and vaauum is just the simplest way of
adhieving this.

In this discusgon, we shall be ansideringin very general terms ome of the fadors influencing
the choice of a deaning pocess This article is an owerview and daes nat pretend to be a
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comprehensive review citing the literature in detail . A (very) short and seledive bibliography is given
at the end and interested parties can use the references in these papers as a starting pant for amorein
depth survey.

2. CHOOSING A CLEANING PROCESS

There is no ore deaning pocesswhich is “right” for al vaaum systems, vessls or comporents.
Some of the things which will need to be taken into ac®urt are & follows

. the level of vaauum required (rough, tigh, UHV, etc)
. if thereisaparticular performancerequirement (e.g. low desorption)

. whether there is a particular contaminant (e.g. hydocarbons) whose partial presaure
must be minimised

. what materials the items are made from
. how the items are nstructed

. safety

. cost.

Once these have been considered, and we will | ook at some of these in more detail below, then ore
can begin to chocse a teaning agent and the necessary processes to achieve the desired result.

It isimportant to redise that there ae very many dfferent “redpes’ in the literature and in the
folklore of vaauum. Advocates of a particular processor procedure will defend their choice with an
amost religious fervour. Generally, this is because the procedure “works’ for them, i.e. it meds their
requirements. Often this procedure will not have been tested rigorously against other possble
procedures which might be equally goodif not better (in some sense) and will therefore in no way
have been optimised. Thisis nat necessarily aproblem. It often simply means that the processes being
used may nat be & emnamicd or convenient as they might be. Whether this is important or not
depends ontheindividua situation.

Inthis article, we will | ook Lriefly at both chemicd and physicd cleaning processes. There ae,
however, some general points which shoud be taken into acount when dedding what to use. Some
of these ae asfollows.

. Some “cleaning’ processes which are often used are gplied more for cosmetic purposes
to make vaauum chambers look clean by groducing mirror finish surfaces and so on.
Whether from a vaauum point of view they are adually cleaner is by no means to be
taken for granted. Such surfaces could, for example, exhibit enhanced ougassng.

. The minimum chemicd cleaning pocess compatible with the level of
vaauum/cleanlinessrequired shoud aways be dhasen. The lessthat neals to be doreto a
vaauum surfacethe better.

. Chemicd cleaningis ahazadous procedure so must be dore safely!

. Processes auch as beal o shat blasting, ginding, scraping and medanicd palishing can
leave dirt trapped in vads in the surfaceof materials which can then be very difficult to
remove.

. Acid treaments such as pickling, msdvation a eledropdishing can trap adds in the
surface of the material. For demanding UHV applications, a vaauum bake to 450C is
required to remove these ammpletely.

3. DEPENDENCE ON THE BASE PRESSURE REQUIRED

In general the lower the base presaure required, the more rigorous the deaning processwill need to
be. (Note that in general it is preferable to use the term “base presaure” rather than “ultimate
presaure” which is commonly used. Base presaure refers to the lowest normal presaure atained in a
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vaaium system in its working condtion, whereas ultimate presaure strictly refers to the lowest
pressure obtained in a standard defined system measured in a standard way.)

Figure 1 ill ustrates in avery schematic fashion some typicd common cleaning processes which
would be used in sequence To use this figure, seled the gproximate presaure required and then
apply al the processesin arder from the top to the level correspondng to the presaure required.

Fig. 1 Simple deaning procedures

4. DEPENDENCE ON CONTAMINANTS

The user will have to determine what level of contaminants can be tolerated in any gven process It is
important to distinguish between the total presaure required in the system and the partial presaures of
particular spedesthat can be dlowed. As has been said, most processes use vaauum simply because it
provides an easily controlled environment for the processand it is redly what can and canna be
tolerated in that environment which isimportant.

For any gven process the user may have to determine by tests what cleaning is necessary to
obtain the desired environment.

As has been dscussed abowve, ore very common requirement is to reduce hydrocarbon
contamination to a minimum. This will often best be adieved by washing in a hot organic solvent
such as trichloroethylene or perchloroethylene (where use of these substances, bah chlorinated
hydrocarbors, is permitted) followed by washing in hd clean demineralised water and a vaauum
bake.

A general cleaning redpe that works in many circumstancesis given in Sedion 7.1

5. HOW CONSTRUCTION AFFECTS CLEANING

In order to clean a vaauum comporent to the highest standards — e.g. cgpable of working at UHV
with very low levels of contaminant spedes in the residual vaauum — at the design stage caeful
consideration must be given to how the item is to be deaned. In particular, crevices, blind hdes,
crads, trapped vdumes, etc., shoud be avoided as these will ad as dirt and solvent traps. It can be
very difficult to remove both drt and solvent from such areas. Fortunately, good \acuum pradice
regarding trapped vdumes will also result in a componrent that avoids these problems.

A good asignworking at lower vaauum levels will also seek to remove any such traps.

One mmporent that must be deaned with particular care is thin-walled edge-welded bell ows
often used for motions in vaauum. Care must be taken that the deaning process does not cause



particles to be left in the convdutions, since these can purcture the bellows when it is compressed.
Alkaline degreasers can be particularly prone to this as they often deposit predpitates. During
cleaing, the bellows dhoud be fully extended and a caeful final wash with demineralised water and
ablow dry with ha compressd air, bah inside and ou, must be dore.

If the processuses chlorinated hydrocarbon solvents then these must be removed completely by
heding, as any left behind can corrode the bell ows, leading to le&s. This last point is particularly true
for accéerators, where the amosphere in acceerator tunnels can dften be warm and humid. The
radiation environment also promotes enhanced corrosion, leading to premature fail ure of the welds.

6. CHEMICAL CLEANING AGENTS

A chemicd cleaning agent is smply any substance that might lead to removal of an unwanted
contaminant. They will generally be liquids of some sort and will work either by dslving a by
reading with the mntaminant or by removing the surfacelayers of the substrate and hence liberating
the contaminant.

Care has to be exercised that the deaning agent itself does not introduce @ntaminants. This
will obviously depend onthe end we of the item being cleaned. For example, as noted abowe,
hydrocarbors are often a serious contaminant in a vaauum system. However, in mineral oil seded
medhanicd vaauium pumps, e.g. rotary pumps, this is not the cae a much of the medanism is of
necessty bathed in hydocarbors. Therefore amajor manufadurer of such pumps uses a hydrocarbon
mix to clean the pieceparts for his pumps and enjoys the benefit of residual lubrication and corrosion
protedion on @rts not normally lubricated by the pump fluid. In most cases, hovever, what is desired
is an agent that will remove mntamination from the item withou remntaminating it in some way.
The operator has therefore to ensure that the solvent is changed regularly before the build up d
contamination in solution kecomes a problem. Examples of some typica cleaning agents are shown in
Table 1. The table shoud be read with caution and is to be regarded as a starting pant only. In all
cases, manufadurers data sheds sroud be consulted and expert technicd advice sought before using
agents of thistype.

Tablel
Some typicd cleaning agents

quite goodsolvents.

drying o comporents. Can leave
residues. Unpleasant smell.

Agent Examples Advantages Disadvantages Disposal
Water Chea; redily avail able Need to use demineralised for To foul drain.
cleanliness Not a strong solvent
Alcohds Ethanadl, Relatively cheap, Need control — affed workers, Evaporate or
methanal, reddily available, SOme pPoisoNoLs, some controlled disposal.
iso-propanol quite goodsolvents. flammabl e, stringent safety
precaitions.
Organic Acetone, ether, Goodsolvents, evaporate Either highly flammable or Usually evaporate!
solvents benzene eaily with low residue. carcinogenic.
Chlorofluoro- Freon™ Excdlent solvents, Banned! Strictly controlled —
cabors (CFC-113 evaporate eaily with must not be dlowed
(CFCs) low residue. to evaporate.
Chlorinated Methyl chloroform; Excédlent solvents, nontoxic, Methyl chloroform banned. Strictly controll ed.
hydro-carborns | trichloroethylene low bailing pant, Trike may be banned. Toxic,
(“Trike") low residue. require stringent safety
precaitions.
Detergents Aqueous lutions, non Require caeful washing and To foul drain after
toxic, chegp and readily drying o comporents. Canleave | dilution.
avail able, moderate solvents. residues.
Alkaline Almem™, sodium Aqueous lutions, Can leave residues and may Requires neutrali sa-
degreasers hydroxide. nontoxic, moderate solvents. deposit particulate predpitates. tion, then dlutionto
foul drain.
Citric add Citrinox™ Cheg and redily avail able, Require caeful washing and To foul drain after

dilution.
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The majority of these agents are solvents, which dislve the mntamination present on a
surface Some rely more on a simple washing adion, flushing contaminant off the surface asin a
water jet. Others, e.g. cetergents, work mainly by reducing the atradive (van der Wads) force
between contaminant and surface @&oms. Some work by chemica adion e.g. by etching a thin layer
off the surfacethus releasing the cntaminant. The dkaline degreasers and citric add work this way,
as do, to some extent, some detergents. It is important to understand hav any particular agent
interads with the materials to be deaned in order to avoid urexpeded side dfeds.

It shoud be caefully nated that, in some @urtries, some of these substances are ather banned
or their use is grictly controlled under legislation a regulation. It is therefore imperative that the
operator consults the relevant authoriti es before implementing a processinvolving these ayents.

7. CHEMICAL CLEANING OF SPECIFIC MATERIALS

Clealy, any cleaning process must not damage the cmporent being cleaned. Most acceerator
vaauum systems are made from stainless ¢ed or aluminium, and from now on we will concentrate
our discusson on matters particularly relevant to accéerators. However, contained within such
vaauum systems there may well be copper, titanium, beryllium, ceramics of various rts, and various
other materials. Below we will note some deaning processes that have proved to be satisfadory for
these materials.

7.1 Stainless $ed

The procedure described below for cleaning stainless $ed is avery high spedficaion pocessfor the
very demanding requirements of an eledron storage ring where deanliness is of paramourt
importance For lessdemanding appli cations, the procedure auld stop at the gpropriate point in the
procedure where requirements had been met.

* Remove dl debris sich as svarf by physicd means such as blowing ou with ahigh presaure ar
line, observing namal safety precattions. Remove gross corntamination by washing od,
swabbing a rinsing with any general purpose solvent. Scrubking, wire

e It must be emphasised orce ajain, havever, that it is very important that the user chedks that
any particular cleaning agent or processis sfe for the materialsto be deaned.

* brushing, ginding, filing a other mechanicadly abrasive methods may nat be used.

e Wash in a high pesaire hot water (approx. 80C) jet, using a simple mild alkaline detergent.
Switch off detergent and continue to rinse thorougHy with water urtil al visible traces of
detergent have been eliminated.

» If necessary, remove any scding a deposited surfacefilms by stripping with alumina or glass
beadsin awater jet in aslurry blaster.

e Wash davn with a high presaure hot (approx. 80C) water jet, with no detergent, ensuring that
any residual beads are washed away. Pay particular attention to any trapped areas or crevices.

e Dry usingan air blower with clean dry air, ha if posdble.

e Immerse completely in an utrasonicdly agitated beth of clean ha stabili sed trichloroethylene
for at least 15 minutes, or until the item has readed the temperature of the bath, whichever is

longger.
e Vapou wash in trichloroethylene vapou for at least 15 minutes, or urtil the item has readed
the temperature of the hat vapour, whichever islonger.

e Ensure that al solvent residues have been drained off, paying perticular attention to any
trapped aress, blind hdes etc.
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e Wash down with a high presaure hot (approx. 80C) water jet, using clean deminerali sed water.
Detergent must nat be used at this gage.

e Immerseinabath of hat (60°C) alkaline degreaser (P3 Alme P36) with utrasonic agitation
for 5 min. After removal from the bath carry out the next step of the procedure immediately.

e Wash down with a high presaure hot (approx. 80C) water jet, using clean deminerali sed water.
Detergent must nat be used at this dage. Ensure that any particulate depasits from the dkaline
bath are washed away.

* Dry usingan air blower with clean dry air, ha if possble.

e Allow to cod in a dry, dust free aea Insped the item for signs of contamination, faulty
cleaning a damage.

e Vaaum baketo 250C for 24 hous using an ail-freepumping system.

* Reducethe temperature to 200C and carry out an internal glow discharge using a helium/10%
oXxygen gas mix.

» Raisethe temperature to 250C for afurther 24 hous then cod to room temperature.

7.2 Aluminium
The CERN spedfication for auminium chambersis as foll ows -

» Spray with high pesaure jets at 60°C with a 2% solution o Almem 2971 (an akaline
detergent).

* Repea with a2% solution d Amklene D Forteld .
* RinsethorougHy with ajet of hat deminerali sed water.
e Dry with ha air at 80°C.
Anather procedure known to gve goodresultsis:
e Immersein sodium hydroxide (45 gn-1 of solution) at 45°C for 1 — 2min.
* Rinsein ha demineralised water.
e Immerseinan add bath containing ritric add (50% v/v) and hydofluoric add (3% v/v).
* Rinsein ha demineralised water.

e Dryinwarm air.

7.3 Copper

Under most circumstances, copper can be deaned using the same procedures as for stainless sed.
However, it shoud be noted that some of the proprietary formulations of alkaline degreasers attadk
copper and leave surfacestains. Organic solvents are usualy al right, and cleaners based on citric
add are very goodfor copper. Indeed, some of these ae formulated spedficdly for this purpose. As
aways, thorough washing in ha demineralised water and dying in warm, dry air shodd be
undertaken.

Copper is particularly susceptible to surfacestaining, fingerprints snowing upvery well! Under
some @ndtions, light surface oxidation tales placewhich results in a visible blackish film on the
surface As long as this is nat a thick, friable or flakey deposit, it will not usualy be aproblem in
vaauum, sinceit thermally disasociates quite reaily.
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7.4 Beryllium

Working with beryllium is subjed to stringent safety requirements and the gpropriate safety
authorities must always be consulted before carying ou any such work. However, provided that care
is taken to ensure that no particulates are generated and that suitable precaitions are taken,
comporents may be handed safely. Impervious gloves oud aways be worn when handing
beryllium and any skin abrasions or cuts $oud be mvered up.

No stripping, cutting, machining a abrasive operations may be caried ou on keryllium except
in pupose built fadliti es. Otherwise, beryllium may be deaned in ac@rdance with the procedures for
stainless sed.

7.5 Titanium
Titanium may be succesgully cleaned as for stainless $ed.

7.6 Glass
Simple detergents and hd water washing are dfedive for cleaning dass

7.7 Ceramics

Alumina powder in a water or an isopropanod carier may be used to remove surface marks from
ceramics auch as alumina or beryllia. Baking in air to the highest temperature that the material can
stand a to 1000C, whichever is lower, is very effedive for removing contamination from the surface
pores of the material.

8. PHYSICAL CLEANING TECHNIQUES

8.1 Blowing

A jet of compressed air or inert gas is a useful technique to remove particulates and liquids,
particularly from blind hdes, aswell as surfacedust. A laboratory or site cmmpressed air supgy may
be used provided that the dr supfdy derives from an al-free @mpressor. It shoud be distributed via
cleaned and died air lines and there shoud be particulate filtration at or nea the point of delivery.
Alternatively, batled gas, e.g. ritrogen, may be used, bu again the delivery line shoud be dean and
dry.

8.2 Bead blasting

A jet of dlumina or silica or some other inert material in the form of small beads is direded orto a
surface ad physicdly strips material away. The carier may be dther air or water. The latter is
gentler, bu both techniques carry therisk of driving contaminants (and beads!) into the surface Some
surfacedamage may occur. However this is a useful technique for stripping, for example, depaosited
metal filmsfrom the inside of vacuum ves<sls.

8.3 “Snow” cleaning

This tedhnique uses a jet of pellets of solid carbon doxide that is direded orto the surface Thisis a
norrimpad technique that is goodfor removing particulates and also apparently some hydrocarbon
films. It is however, expensive and nasy.

Unlike beal basting, the technique does nat damage the surfaces being cleaned, since the solid
CO, does not impad the surface As the particles, usualy in the form of small cylindrica pellets,
approach the surface & high spedl, the shock wave travelling ahead o the particle is refleded from
the surface ad interads with the pellets, which sublime. The deaning adion is effeded through a
cavitation processin the mmpressd gas as it refleds from the surface
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8.4 Cutting and grinding

Cutting and ginding are used to remove surfacelayers. Both have their placeprovided they are dore
with care. Each technique usually requires a lubricant between todl and workpiece which for vaauum
use is best to be ather water or water based, althougha good alternative is alcohd. If possble dry
cuttingis best.

There is a danger of driving contaminants, cutting fluids and swarf into the surfacewhere they
can remain trapped.

8.5 Polishing

Polishing is a gentle form of grinding and caries the same dangers. However fine hand pdishing is
often required to remove surface blemishes. A useful material for this is ScotchBritel that is
esentialy fine dumina in a pdymeric carier in the form of a loose weave mat. Diamond pavder
wetted with alcohd and applied onalint freepad is also acceptable. Polishing invalving pastes and
waxesisto be asoided

Small comporents are often pdished in atumble pdlisher in that they are immersed in a bath of
small wet stones or sted pell ets of various hapes which isgently stirred or tumbled.

9. PASSVATION

As far as cleaiing is concerned, passvation techniques are essentially ones that prevent the
adsorption d contaminants into the surfaceof avaauum system or prevent the permedion d gas from
the bulk material into the vacuum system. By and large, these invalve the formation d a barrier layer
of some sort onthe surface

Some examples are
. oxide films, produced by air baking, dow discharge or other techniques.

. coatings, such as TiN or BN put on the surfaceby sputtering. These have nat been much
used except in demonstration systems and will nat be discussed further here.

. adive films, like getters or NEG. These ae discussd in other chapters of these
procealings.

10. SPECIAL CLEANING TECHNIQUES

10.1 Ultrasonic deaning

Thisis esentially a method d enhancing a chemicd cleaning process Figure 2 shows the principles
involved. The figure shows a two stage deaning dant (Fig. Aa)). The workpieceis first suspended in
the hot liquid (darker shade) in the left-hand tank. The ultrasonic transducers st up a pattern of
ultrasonic waves in the liquid. As these waves refled off the surfaceof the workpiece interference
takes place ad a series of cavitation bublbes are generated (Fig. 2b)). Collapse of these bubles
results in contamination particles being dagged of the surface The cntamination then either
dissolves in the liquid or, if insoluble, eventually drops to the bottom of the tank as sdiment. The
result is an enhanced cleaning process Asjobs are deaned, the liquid in the ultrasonic tank gradually
bemmes more contaminated and eventually some of this remains on the surfaceof the workpiece or
indeed may be transferred to it from the liquid. To ensure full cleanliness the workpieceis withdrawn
from the liquid and is suspended in the second (right-hand) tank in the solvent vapour (lighter shade).
This vapou is generated by the bailing liquid solvent at the baottom of the vapour stage tank. The
vapou condenses on the workpiece so that it is washed in the pure liquid solvent condensate that
drops badk into the bailing liquid, taking the residual (soluble) contamination with it. At the top d
bath baths are adling coils that condense the vapou before it can escgpe from the open top d the
tank. These wils are aranged so that the liquid runs badk into the ultrasonic stage. This pure liquid
solvent tops up the ultrasonic tank and contaminated solvent flows over the dam into the bailer. Thus
adistill ation pocessis st up with the contamination gadually being concentrated in the bottom of



the vapour stage and the liquid in the ultrasonic tank remaining relatively pure, hence enhancing the
life of the solvent charge.
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10.2 Eledropolishing

Eledropdishing has often been assumed to reduce outgassng by reduction o the surface aea
presented to a vaauum system. In pradice for any techndogicad metal surface the red surface aeais
very much larger (fadors of several) than the physicd area becaise on amaaoscopic scae there will

be many pits, grooves, crads, grain boundries and aher defeds. Althougheledropdishing daes
indeadl remove surface aperities and smoothes the edges of cradks, the adual benefit achieved is not
very gred. However, eledropdishing daes remove the anorphows aurfacelayer that is formed when
pdlishing a metal surface (the so-cdled Beilby layer). It replaces this layer with a relatively well

ordered surfaceoxide layer, which may have barrier properties preventing dffusion (particularly of
hydrogen) out from the bulk of the metal into the vaauum.

On the other hand, eledropdishing may introduce hydrogen and aher contaminants into the
surfacelayers in significant quantities. These can subsequently diffuse out and adually increase the
outgassng rate over that of the starting material. Eledropdished comporents require agood lake
(preferably at 450°C) to thorougHy outgas the surfacein order to see any red benefit.

Despite many studies over a long time, it is only in some recat very caeful work on
aluminium prepared by ‘arious tedhniques that a rrelation between surface roughress and
outgassng rate has been demonstrated and even in these results there ae some anomalies (Fig. 3).
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Fig. 3 Outgassngrate s afunction o surfaceroughress Fig. 4 Schematic of glow discharge gpparatus [2]
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10.3 Glow discharge

Glow-discharge deaning is an effedive fina cleaing process which reduces outgassng and
desorptionrates. It achieves this esentialy by threemedanisms

. The bombardment of a surface by medium energy ions (a few hunded €V) diredly
desorbs gas adsorbed onthe surface ad absorbed in the sub-surfaceregion.

. If the discharge gas contains oxygen (or water), oxygen ions (O," and O’) are aeded in
the discharge. These can read with the alventitious carbonwhich is always present on a
surfaceto form CO and CO, which can be pumped away. Carbon owerlayers, usually
graphitic or amorphous in charader, sean to ad as gas reservoirs on asurface

. A good,well ordered oxide film is generated on the surfacewhich ads as a diffusion
barrier.

For acceerators, it is normal to use asimple dc glow discharge, athoughan ac (rf) discharge
may also be used. Figure 4 shows atypicd set-up for dc discharges. A gasis admitted to the vessl to
be deaned and a pasitive dc potential of a few hunded vdts is applied to a rod a wire dedrode
aongthe «is of the vessl. If the gas presaure is of the order of afew tenths of a mbar (dependent on
the adual gas being wsed and the predse geometry of the vessl) a discharge will be struck and a
visible glow seen. The gas moleaules are ionised in this discharge and are accéerated to the grounced
walls of the vessel which they strike with moderate energies. It is advantageous to stream the gas
aong the vessl, admitting it at one end and pumping at the other. At these presares the flow is
viscous and this helps to sweep the desorbed gases from the system.

Various gas mixtures have been used. Ar/10% O, is the traditional mix and is very efficient;
pure O,, pue N,, pue H, and He/10%0, have dso been used effedively. There ae anumber of
criteria which are used in seleding the gas. Of criticd importance is whether sputtering d the metal
surfaceis a problem or nat. If there ae insulators present, then sputtering can cause conducting films
to be depaosited over their surfaces if they are expased to the sputtered atoms. Oxygen in the mix
seans to help aleviate this by forming thermally unstable metal oxides that are removed from the
surfacein the discharge. Lighter spedes putter lessefficiently and so help obviate the problem. Also,
heavier gas ions can beaome buried in the metal surface ad can diffuse out over time. This may or
may na be a problem depending on the gplicaion. Carrying ou the discharge & elevated
temperature (e.g. 200C) helps minimise such acawmulation. Thus the discharge can be mnweniently
caried ou during abake gycle.

It is helpful to know when to terminate the glow discharge. If, as has been suggested abowe, the
primary benefit is achieved by the removal of adventitious carbon by forming CO and CO,, then
monitoring the cncentration d C* in the discharge exhaust gas with a residual gas analyser will give
atermination pant when this concentration ceases to reduce For particle accéerators, this procedure
is usually caried ou as part of the pre-installation processng pogramme, since in situ glow
dischargeisdifficult in pradice

The benefits of glow-discharge deaning for particle accéerators are by no means fully
establi shed. For proton machines fabricaed from stainless sed the benefits are well establi shed. For
eledron machines where the bean spacetends to be surrounded by copper, the evidenceis not well in
place athoughit is believed to be beneficial. A definitive experiment is planned for ANKA in the
nea future. Figure 5 shows data from two laboratories siowing the dfed of glow discharge deaning
stainless $ed on, respedively, ougassngrates and phdodesorption yields.

10.4 Air baking

This procedure invalves baking vaauum comporents at normal bake temperatures (250°C) in air. It
reduces outgassng rates considerably, particularly for hydrogen. It was though to work by indwcing a
barrier oxide layer, bu may simply work by depleting the hydrogen from the bulk.

The technique is much favoured in the gravitational wave detedor community but its value for
accéeratorsis unproven.
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10.5 Chemical “baking”

An interesting ideaoriginating in Japan is to use a ¢yemicd which has a particular affinity for water
to read with the water adsorbed ona surfacein such away that the readion products are gases which
may be pumped away.

One such chemicd is dichloropropane where the readionis
(CH,),Ccd,+H,0 - (CH,),C=0 + 2HCI
Thistechnigue is claimed [4] to reducethe base presaure in a vaauum system by fadors of 80.
However, the technique has to be caried ou at a moderate temperature (80°C) so it is unclea
what advantages this technique hasin pradice over asimple bake.
11. SAFETY

Safety is of paramourt importance when chocsing a deaning process For example, many processes
use very hat liquids and/or large baths of chemicds.

Organic solvents, in particular, can be

. toxic (poisonoLs)

. flammable

. environmentally dangerous (e.g. azone depleters).

When such solvents are used, it must be in properly designed plant suitable for the task. Vapou
extradion and recovery systems must be installed. If the vapour is toxic or otherwise injurious to
hedth, personrel shodd wea proper protedive dothing and equipment, as well as individual
monitors measuring their exposure to the vapou in the amosphere. Alarms linked to atmospheric
sampling monitors must be fitted nea the deaning dant. Breahing apparatus will be required when
changing solvents and cleaning tanks.
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If the solvent is flammable, then proper fire precautions will be required, includingintrinsicaly
safe dedricd supgies.

When adds and alkalis are being used, reutralising gts and emergency neutrali sation fadliti es
and spill containment measures will be required.

Speda buildings with controlled access may be required and rigorous operator training is
essential.

12. COST

Cleaning to high standards can be wstly. For large vessels and peces of equipment, large deaning
baths are required, dten containing many thousands of litres of expensive deaning fluids that neal to
be dhanged regularly. Lifting and handling equipment that does nat introduce @ntamination into the
cleaingfluids, e.g.through al drips, will be required.

The safety precautions outlined in Sedion 11 are expensive. It is therefore very important to
clean ony to the standard required and nd to ower spedfy a deaning process as this will be
uneconamic and wasteful.

13. HOW DO WE KNOW A SURFACE ISCLEAN?

There ae two dfferent approacies to determining whether or not a surfaceis clean. The more
fundamental oneisto perform a chemicd analysis of some sort on the surfaceto determine what is
there. Techniques are realily avail able to dothis and the more common d these ae discussd below.
However, this does beg the question d what we adually mean by a dean surface In much of surface
physics and chemistry the answer is relatively straightforward since in general terms, the
experimenter will know what the “native” material is, be it a single aystal metal, an amorphous
semiconductor film, or whatever. Anything else is “contamination” so the surfaceis “not clean”.
However, when deding with the red techndogicd surfaces of vacuum vessls or comporents where
the maaostructure of the surfaceis complex (as nated abowve in Sedion 10.2) it is by no means
obvious what adually shoud be there. For example, in a low-carbon sted, shoud surface cabon te
regarded as part of the dloy or isit a contaminant? If there is excess chromium at the surfaceof a
stainless $ed over the bulk all oy concentration, isit a cntaminant or is it an essentia part of surface
passvation?

Hence such analyses may raise more questions than they solve. In any case, they may or may
nat affed the cntrolled atmosphere we ae seekingto oltain by wsing vacuum in the first place

The seand approach is more pragmatic and simply seeks to measure the properties of interest:
if we want low presaures, measure outgassng rates; if we want low partial presaures of particular
spedes in the residual atmosphere, measure them; if we want low desorption yields, measure them.
To study the dfeds of cleaning treadments, ore shoud measure in a systematic way how the
properties of interest change. Unfortunately, few such systematic studies have been undertaken and
pubished, so there ae poa statistics onthe dficag of cleaning processes. Thisiswhy resultsin the
literature ae not definitive and why there ae so many tenadously defended but different redpesin
the folklore.

14. SURFACE ANALYTICAL TECHNIQUES

14.1 Auger Eledron Spedroscopy (AES)

AES is a surface sensitive technique that deteds all elements except hydrogen and helium on a
surface The fundamental mechanism isill ustrated in Fig. 6. An incoming eledron a phaon gjeds an
eledronfrom a ore level of an atom to crede ahae. This hdeisfilled by an eledron falling from a
higher energy level. The energy thus released is transferred to a third eledron (the Auger eledron)
which is g eded into the vacuum.
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The energies of Auger eledrons are esentialy fixed and depend oy on the geding atom.
Thus measuring a spedrum of such geded eledrons from a solid, when bambarded by eledrons or
phaons, can perform a chemicd analysis of the solid. Since the Auger eledrons are a relatively low
energy (lessthan afew hunded eV) they can ony escape from the surfacelayers of the solid without
being scatered and losing energy, so the technique is surface omposition sensitive. In pradice the
energies of the Auger eledrons and the detail ed shapes of the spedral lines vary dlightly dependent on
the dchemicd state of the amitting atom. Thus for example, it is perfedly straightforward to
differentiate between a layer of graphite-like cabon,amorphows carbon a diamond-like cabon ona
surface

The technique is quantitative and has a surface ompositional sensitivity of abou 0.1%,
dependent on the spedes concerned. Typicd spedra, showing the dfed of glow discharge on a
stainless ¢ed surface are shown in Fig. 7. Note that these spedra ae differentiated so that the
spedral lines srow up more eaily against the badkground. AES is essntially a small-areasampling
technigue which canna easily be used in-situ so tests are normally carried ou on small coupon
samples.

14.2 X Ray Photoeledron Spedroscopy (XPS)

This technique is dmilar to AES, bu uses X-rays that penetrate somewhat deeoer into the surface
athoughthe amitted eledrons may come only from the surfacelayers, dependent on their energy.
The mechanism is again shown in Fig. 6. Note that here what is deteded is the first gjeded eledron
i.e. the one which leares the wre hae behind. Subsequent relaxation can then be via the Auger
process so bah types of spedroscopy can be caried ou simultaneously. The energies of the
phaoeledrons are & a fixed value below the energy o the incoming phdon, the difference being
charaderistic of the amitting spedes. The technique is quantitative, in principle being more sensitive
than AES, dthoughless sirface spedfic. It is therefore difficult to qude a sensitivity figure for
surface aalysis. It provides much richer information onthe chemicd state of the emitter than AES.
Again, it is asampling technique.



14.3 Semndary lon MassSpedroscopy (SIMS)

This technique uses a bean of ions (often argon to knack atoms off a surface These ae then
deteded as ions in a mass pedrometer. Both pcsitive and regative ions are produced and, in
principle, sputtered neutrals can also be deteded. It is very sensitive but produces an abundance of
information that is very difficult to interpret. It is smi-quantitative. The tednique is useful for
deteding compositional diff erences between dfferent parts of a surface eg. acossa mntamination
patch. It is srface sensitive, provided a low energy and low intensity incident beam is used.
Prolonged exposures can drill down throughthe surfacelayers and provide information onchangesin
composition with depth.

14.4 Laser lonisation MassSpedroscopy (LIMA)

This technique is dmilar to SIMS but uses a high intensity laser bean as the primary source of
excitation. Ablation rates are generaly higher than for SIM S so the surfacesensitivity islower.

15. PHENOMENOLOGICAL METHODS

As has been naed abowe, these esentialy rely on measuring what one needs to know in order to
achieve the desired resullt.

For vaauum purpaoses, these will essentially be measurements of total and partial outgassng
rates or stimulated desorption Vields, using phdons, eledrons or ions as appropriate. All of these
techniques are discussed in detail elsewhere in these procealings.

Althoughfrom a pradicd paoint of view it is difficult to apply these techniques quantitatively,
by using standard methods, preferably in a single experimental station, it is possble to produce
acarate comparisons of the dficagy of various cleaning techniques. Hence trends can be well
established. It shoud be noted that it is very difficult to make meaningful quantitative comparisons
between work caried ou using dfferent tedhniques and even between work in different laboratories
using the same technique.

16. RECONTAMINATION

Once something has been cleaned, it may or may nat remain clean! Care hasto be exercised to ensure
that it does not become remntaminated. The precautions required will , of course, be dependent on the
degreeof cleanlinessrequired.

Some pointsto nde ae

. A vaaium surface shoud nrever be touched with bare skin. Clean, lint free gloves
shoud always be worn and arms, etc., covered up

. The operator shoud take cae that he does nat to drop ts of himself/herself into the
system, e.g. by weaing a hat or hood covering up hair and passhbly the mouth and
nose.

. All tods shoud be dean. Not just the businessend, bu also the handles, so that they
do nd transfer grease onto clean goves.

. Smoking and the use of internal combustion engines shoud be prohibited nea an open
vaauum system.

. The gas used to let up the vaauum system shoud be dean.

. The gas $oud aso be dry. Figure 8 ill ustrates the change in outgasdng rate atieved
by using ritrogen containing various concentrations of water vapour to let up a vaauum
system.

. Nothing shoud beleft in the system that shoud na be there, e.g. tods or rags.

. Vaauum items shoud be stored and transported under vacuum or dry nitrogen rather
than being left open to the dements after cleaning
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Fig. 8 The outgassngrate and water partial presaure in avaaium system after letting upwith nitrogen containing varying
concentrations of water vapou [7].

17. SUMM ARY

This paper has simmarised kriefly various techniques for cleaning vacuum systems and comporents
and indicated what fadors are of importance in chocsing which shoud be used in particular
circumstances. It has also dscussed how one might be confident that a vaauum system isindeed clean
enoughfor the purposes to which it might be put.

Neverthelessit must be strongy emphasised that it is only the users of any vacuum system who
can determine what is required and if it has been adiieved, so it is imperative that in any gven
situation suitable tests are caried ou to establi sh that confidence
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