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Abstract

Results are reported on a study of materials used in the CERN Closed Loop recirculation
gas system presently under test with the RPC muon detectors in the CMS experiment
at the LHC. Studies include a sampling campaign in a low-radiation environment (cos-
mic rays at the CERN ISR test site). We describe the dedicated RPC chamber tests, the
chemical analysis of the filters and gas used, and discuss the results of the Closed Loop

system.
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1 Intr oduction

Resistve PlateCounterd1] (RPC)areusedin the muondetectorof the CompactMuon
Solenoid(CMS) experiment2] atthe CERNLargeHadronCollider. Theconstituentle-
mentsof RPCsaretwo parallelelectrodehigh-resistvity bakelite platesbetweenwhich,
in a2 mm gap,a gasmixture at ordinary pressuras circulated. A 9.0-10.0kV voltage
dropis appliedbetweerplates.RPCusefluorine-basedjasmixture whosemain compo-
nentis Freon.Becausef the high costof Freonandthevery large gasvolumesinvolved
in the full system,the designof the CMS RPC gassystemis basedon a recirculation
systemcalledthe ClosedLoop (CL) system.

The absencef gascontaminantss of paramounimportancen all gasdetectors,
andespeciallyin RPCdueto the high reactvity of the F-basedyasmixture used[3] [4].
A gasgain monitoring system[5][6][7] hasbeendesignedhuilt andis beingcommis-
sionedby the CMS RPCgroupfor thefastmonitoringof the working point, basednthe
monitoringof the avalanchechage andof the chambetefficiency. The gasgainmonitor
ing systemis basedn threesingle-gapRPCsubdetectorfushedwith cleanmixture, CL
mixture after purifiersbeforecrossingCMS RPC,andCL mixture from thereturnlines.
Thegasgainmonitoringwill provide awarningin caseof aworking pointchangeA gas
quality monitoringsystemis beingdevelopedby the CMS RPCgroupwhichwill perform
chemicalanalysesuchasGasChromatographyGC), High Pressuré.iquid Chromatog-
raphy(HPLC), pH metersgtc.following thereleaseof awarningcondition.

No aspecbf the chemistryof purifiersusedin CL is fully understoodnor the ex-
tentor the natureof contaminantsvith the exceptionof fluoridric acid, whosepresence
is establishedTests[8][9] atthe GammalrradiationFacility (GIF) [10] shavedthepres-
enceof HF, whichis detectedy accumulatiormethodsor by the useof HPLC, or ionic
column-equippedsC. We have proposed[11]a systematianvestigationaimedto fully
clarify the chemistryof purifiersusedin the CL, structuredn threephasesPurifiersand
filters werefirstly studiedat the ISR testareaduring chambertestingwith cosmicrays
(phaseone). At completionof ISR chambettesting,nevw RPCdetectorgledicatedo con-
taminantstudieswill be deployed (phasetwo). The systembehaior will be studiedby
allowing currentsto increaseunderproductionof contaminants.Finally, high-radiation
ernvironmentandcontaminantsvill bestudiedatthe CL atthe GIF facility (phasehree).
Resultd12] [13] reportedonin this papereferto phaseonewhichtook placein Septem-
ber2006.



2 The ClosedLoop system

TheCMS ClosedLoop (CL) [2][14][15] gassystemis shavnin Fig. 1. Thebasicfunction
of thegassystenis to mix thedifferentgascomponenti theappropriatgroportionsand
to distributethemixtureto theindividualchambersThelargedetectovolumeandtheuse
of a relatively expensve gasmixture make a closed-loopcirculation systemmandatory
The systemconsistsof several modules:the primary gassupply mixer andclosed-loop
circulation system,gasdistributorsto RPC chamberspurifier, pump, and gas-analysis
station. In the CL system gaspurity is guaranteedby a multistagepurifier system.The
full closed-loopcirculation systemextendsfrom the surface gasbuilding SGX to the
USC55servicecavernandUXC55 experimentakcavern.

Testswith a scaled-dwn prototypeCL system(Fig. 2) wereperformedin 2001 at
the GIF[8][9] with the aim of selectingthe purifier materials.Purifier materialsverese-
lectedsuchthatcontaminantsomponentgappearingasspuriougpeaksn aGCotherthan
the mixture known gases)vere minimized. The purifiersselectedvere zeolite molecu-
lar sieve[16], BASF CuO-ZnOcatalyst(R3-12)[17], BASF CuO (R3-11G)[17],LEUNA
NIAIO ; catalyst[18].The absorptiorcapacityfor the variouscontaminantsvasnot stud-
ied.

In thestudydescribedn this paperresultsoncharacterizatioof filter materialdol-
lowing an analysiscampaigncarriedout at the prototypeCL installedarereported.The
prototypeCL (Fig. 2) is composeaf mixer, purifiers,recirculationpumpanddistribution
to RPC detectors. EachRPC detectoris composedf two gaps(upstreamand down-
stream)whosegaslines are serially connected. RPCdetectorsare operatecat a 9.2 kV
power supply The anodedark currentdravn becauseof the high bakelite resistvity is
approximately(1-2) pA. Gassamplingpoints beforeand after eachfilter in the closed
loop allow to samplegasfor chemicalandgaschromatograpdmalysis While thefraction
of freshgasplannedfor useat the full CMS RPCdetectoris 2%, the cleangasmixture
fractionusedfor this studyis 10%.

Purifiermaterialwasusedover severalregeneratiorcycles(see§ 3 for regeneration
procedure) Watersaturatiorof filters occurredafter abouttwenty days,followed aftera
few daysby anincreasenf thedarkcurrentdravn accrosghe balkelite gap.(Fig. 3). Dark
currentof theupstreandetectorareobsenedrising muchmorethandarkcurrentsn the
downstreandetectormasshovnin Fig. 3a). Suchabehaior is consistentwith thepresence
of oneor moreunknonvn contaminantgeneratedby bothdetectorsthataccumulaten the
upstreandetectorwhich actsasa filter. Contaminantsareremoved by purifiersaslong
asnot saturatedvith water Replacingandregeneratindilters afterabout25 daysallows
operationof the CL without dark currentsincreasen the RPCdetectors A bestfit of an
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exponentialcurve to datapoints(Fig. 3 b) yieldsa 1.0 + 0.4 daysdark currentrisetime,
while thefall timeis 2.6 + 0.3 days.

3 Filters

With the original selectiorcriteriabeingthefiltering of H,O andO,, testsat GIF shaved
GC peaksof unknowvn pollutantsthatdisappearedfterthe following purifiers

e purifier 1. consistingof a 24-litre cartridgefilled with 5A Type molecularsieve
manubcturedoy ZEOCHEM

e purifier 2: consistingof two 24-litre cartridgesgachfilled with a combinationof:

1. 25% Cu-Znfilter type R12manuficturedoy BASF
2. 25% Cufilter type R3-11Gmanufcturecby BASF
3. 50%Ni AlOj; filter type 6525manubictured.EUNA

Thefilters studiedin this paperaredescribedn Appendixl. Theregeneratiorprocedure
consistedf the heatingat 240°C in a Hy/Ar (7/93) flux of 100 liters/hourfor 16 hours,
followedby a 2-hourcleaningwith Ar.

Unused contaminate@ndregenerategurifiersweresampledandchemicalanal-
ysesperformedor majorandtraceelementsaswell asfor sulphurandcarbon(graphitic,
totalandorganic),lonic ChromatographylC) to analyzefluorine, XRD analysego iden-
tify zeolitetype andto evaluatea possiblecrystallinestructureof compoundspossibly
occurringaftergasfiltering. Theaimsof theseanalysesvereto characterizeontaminants
in filters, to identify their form (crystalline,in solution,amorphous)andto definethefil-
terscompositionafter regeneration.A brief descriptionof the analysismethodsusedis
givenin AppendixIl.

The zeolite grain sizeanddiffractrometricpatternwas studied. We found thatthe
molecularsieve materialconsistedof a mixture of a 54 type anda 3A type zeolite,
with the 5A  samplebeing measuredwith a grain sizein the rangeof 2.0 mm to 2.8
mm, andthe 3A samplewith a grainsizein therangeof 1.0 mmto 1.4 mm. Following
thesefindingsfilters were opened,andfilter material completelyreplacedwith unused
material. The compositionof thefilters usedfor the measurementeportedn this paper
is 100% molecularsieve 5A type. We performeda XRD of the unusedsA molecular
sieve materialandcomparedt with existing data. The unknovn compoundvell matches
zeoliteLINDE TypeA.

An increasef traceelementsn filters afteroperatiorandregeneratioris obsened.
In zeolite molecularsieve, Cu, Ni and Zn increaseafter purificationandonly partially
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areremoved afterregenerationFig. 4), andthisis alsoshavn for the samefor F andS
(Fig. 5) andmajorelementgFig. 6).

The zeolite molecularsieve filters not only H,O, but alsotraceelementdeached
duringthe gasflux from the CL system.At this stageof purification,the zeoliteactsasa
buffer andpH of gasmixtureincrease$rom pH 4.9to pH 6.0.

Analysesof LEUNA 6525Ni-Al purifier shav a decreasef Cr, CuandZn after
purification,andonly a partial recover of theseelementsafter regenerationj.e., Cr, Cu
andZn arereleasedn thesystemandthey arenotcompletelyrecoveredafterregeneration
(Figs. 7, 8). F andS increaseafter filtration in the LEUNA filter, but arenot removed
afterregeneratior(Fig. 9).

In the R3-12/R3-11Jilter the F andS aretrappedbut not releasedhfter regenera-
tion (Fig. 10). Substantialssuesareraisedby regeneratinghe R3-12purifier, which is
declaredhot regenerablen datasheetR3-12filter is usuallyusedfor removing tracesof
arsine,phosphine COS,H,S from vaporor liquid phases.Suchcomponentgorm CuS
andZnSsulphidesvhich neithermigratenor desorhoff of the catalyst.Sis presenin the
gasmixtureasSFk;, andif releasedS couldbindwith CuandZn in asulphideform. This
is confirmedby the Ni-basedLEUNA purifier high S content,which remainsin purifier
evenafterregeneration.

Finally, bothmetallicfiltersreleaseveryfine dustresidue We checledonthetech-
nical specsandthe presencef graphiteis confirmed. Particulatefilters (20 m) should
beinstalled.

4 Gas

The gasmixture usedis 95.2%of C,H,F, in its ervironmental-friendlyversionR137a,
4.5% of :C,H,4, and0.3% SF¢ to suppresstreamelandoperatein saturatedavalanche
mode.Gasmixtureis humidifiedatthe45%RH level typically to balanceambienthumid-
ity, which affectstheresistvity of highly hygroscopidakelite, andto improve efficiency
atlower operatingvoltage. The CL is operatedvith a fraction of freshmixture continu-
ously injectedinto the system. Baselinefresh mixture fraction for CMS is 2%, the test
CL systemwasoperatedt 10%freshmixture.

The stratgy adoptedor the gasanalysiswasto searchfor elementdik ely released
by filters, i.e., metals,Na, K andCain first priority. No previous studyexisted,therefore
avery broadspectrumof metallicelementsvassearchedor. Gassamplesveretakenby
bubblinggasmixturein H,O atfour samplingspotsof CL, namelycleanmixture(YV10),
after RPCdetectorsand beforethe zeolitefilter (HV61), after zeolitefilter (HV62) and
after metallicfilters (HV66) for a total of approximately20 daysanda total volume of
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1 m?3. Watersolutionwasanalyzedat HPLC.

Gasanalysisin samplingpointsdownstreanof zeolitefilters shov Cacontentin-
creasein gasmixture, probablyreleasecby the 5 Ca zeolite type during filtration.
Resultsalsoshav presencef metalsandF— in gasmixture (Figs.11,12,13). ThepH
of gasmixturewasmonitored finding confirmationfor a buffering actionof zeolitefrom
pH 4.5to pH 7 (Fig.14).

5 Bakelite

Thematerialusedfor thecontainer®f gasvolumein CMS RPCdetectorgcalledbalkelite)
is a plastic laminateobtainedby wetting papersheetswith several kinds of resins. As
such,balelite is composedf mary elements.Plasticlaminatesare producedby using
mainly melaminicandfenolic resins. For the RPCdetectorsa laminate[19] composed
of abulk of papemwet by fenolic resinwasused surroundedy two outerlayersof paper
wet by melaminicresin,up to a2 mmthickness.In CMS RPCdetectorsthe outerlayer
of the bakelite sheetexposedo the gasmixtureis coatedwith linseedoil [21].

To studythe effect of gasmixture on bakelite, samplesof pure unoiled bakelite
(sampleA) andof oiled bakelite (sampleB) weretaken from a RPCdetectorirradiated
atthe GIF [9]. The RPCwasfluxedwith the standardCMS RPCgasmixturein Closed
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Figure15: Large RPCchamben2 m x 1 m) exposedat GIF with defectsandoil drip-
pings.

Loop, andirradiatedby a '*"Csradioactve sourceat a total doseof 650GBq.

To avoid the productionof bakelite debris,the RPCwasopenby blowing air until
thespacedetachmentFig. 15 shavs theinnersurface(linseed-oilcoatedbakelite) of an
openRPCdetector:spacerslinseedoil drippingsandwhite defectsarevisible.

After separatinghe anodeand cathodeplates,defectshave beenmarked on the
balelite innersurface.The defectareaf interesthave beenprotectedoy adhesire guard
ringsto avoid the productionof bakelite debris.A slow-motiondrill with a4 cm-diameter
tapwasusedto samplediscsfor SEM analysis Bakelite sampleshave beencatalogueds
Centre-Cel(CC) (undefectedamplesamongspacers)Defect(D) wheredefectsappear
atvisualinspectionandManina(M) for areascloseto spacersvith linseedoil dripping.

SEM-EDSanalysisvasperformedonunusedyunoiledbakelite samplegsampleA),
andon unusedpiled bakelite (sampleB). Both samplesA andB areunusedj.e., never
fluxed with gasmixture, and are consideredreferencesamples. Averagecomposition
of samplesA andB is shown in Figs. 16,17: SEM-EDSdistributions are very similar,
sincebalelite andlinseedoil are composedf the sameprincipal atomic components.
TheN peakis consistentvith the presencef melaminicresinin the outerbakelite layer.
The compositionof two fluxed bakelite samplesfrom 50cmx 50cm RPCsexposedin
openloop (sampleCC andsampleD) is showvn in Figs.18,19. The F peakis prominent,
aswell asthe higherintensity of the Na peak, and the disappearancef the N peak.
The defectareasarean erosionof the melaminicouterlayerwhich allows oneto access
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Figurel7: SEM-EDSof unusedpiled bakelite (B).

the compositionof the inner fenolic layers,whereN is absent. The presenceof Na is
explainedwith NaOH usedascatalyzerin polimerizationof resin,in amountdessthan
1% for resinand lessthan 0.02% on the final product[19][20], as also suggestedy
similar results[8].

Obsenationunderstereomicroscopef defectedareashavedtheir 3D morphology
(Fig. 20). Analysesat SEM-EDSallowed a study of compositionof defectareason a
bakelite cross-sectionResultsshovedthe presencef Na andF, presenceonfirmedby
SEM-EDSanalysisof bakelite cross-sectioifFig. 21).

Sampleof defectedareasverealsoanalyzedat XRD. Thediffraction spectrunof
defectedbalkelite shows two high-anglepeakswhich matchthe standardoeaksof NaF
(Fig. 22top). Thesamepeaksarenot obsenedin the diffraction spectrunof undefected
bakelite (Fig. 22 bottom). This measurementsonstituteghefirst obsenation of the NaF
crystalstructurefor defectsin bakelite of RPCdetectorsexposedto high radiationervi-
ronment.

Chemicalanalysefave beenperformedo characterizéalkelite compositionof the
traceelements. Trace elementsmay changedependingon the productionof bakelites.

18
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Figurel18: SEM-EDSof bakelite used,oiled centre-celbalkelite (CC).
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Figure19: SEM-EDSof bakelite defect(D).
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Fluxedandnonfluxed bakeliteshave beenanalyzedresultsareshown in Fig. 23,24,se/-
eral minor componentare depletedn fluxed bakelites. A leachingeffect is amguedfor
Ni, Cr, Cu, As, Sb, that arethereforereleasedn the systemandin the RPC chambers.
Sulphuris alsodepleted.

6 Conclusionsand outlook

The purifiers presentlyusedwere selectedoriginally in orderto filter out H,O and O,
while, giventhe gasmixturereactvity andthe low pH, traceelementsarereleasedrom
purifiersandsentto the CL. ThepurifiersR3-12andR3-11Gareofficially usedto remove
S andAs from vaporor from solutions. Sincethe gasmixture usedcontainsS, a part of
it will interactwith the filters depositingsulphideswvhich will stayin thefilters. Filters
releasdraceelementsaturally presentin their unusedcomposition(i.e., Cu andCr in
Ni-basedfilters). Ni-basedfilters trap S, very easilyboundto Ni asa sulphide,whichis
notremovedafterregeneration.

Ni-Al ,Os filters releaseCu and Cr during purification. They captureF andS, but
regeneratiordoesnot desorkfilters. In Cufilters, S caneasilyform Cu andZn sulphide,
difficult to remove from filters. Both metallicfilters captureF andS but the regeneration
doesnotdesortthemcompletely

Zeolitescaptured, Cu, Ni, S but regeneratiordoesnotfully desorbthem.Thegas
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mixture (dueto the presencef HF) tendsto leachSiO, andAl,Os i.e. the framework of
zeolite. Chemicalanalyseshown a depletionin Si, Al contentsin zeolites. A buffering
effectis obsered,with pH changingfrom 4.5to 7.0 beforeandafterthe zeolitepurifier.

The regeneratiomprocedureusedwasnot optimizedfor eachfilter. Theregenera-
tion procedureusedis probablythe onerecommendedtby the zeolite producer Purifiers
CuandCuO-zZnOaredeclaredasnonregenerablgl7], andtheregeneratiorprotocolfol-
lowed(see§3) is notableto desorhthe purifiers,asit is notsufficientto achieve complete
Cureductionwhichrequiresemperatures the 350°C range.ElementsuchasAs andS
reactwith the CuandZn constituentsn thecatalystto form stablemetalcomplexeswhich
do notmigrateor desorboff of thecatalyst.It is importantto characterizeéhefilters (both
metallic and zeolite)in orderto understandheir selectve absorptionandion-exchange
possibility, their lifetime (in function of the complex systemat CL), andfinally it is of
paramountmportanceo setup a specificdesorbtiorprocedure.

The traceelementsfound clearly in the gasmixture are Cd, Pb, Zn. A lot of F,
NaandCais alsofound. Zn couldbereleasedy zeolites,but no depletionis shavn by
zeoliteanalysesNais alundantlypresenin gasbeforefiltering (probablyreleasedy the
bakelite of RPCs),it decreaseafterthe zeolite(beingexchangedvith Cain thezeolite),
but it staysabundantafterthe metallic purifiers. The presencef Cain the gasmixture
hasimplicationsthat shouldbe studiedin moredetail. Finally, the operationdurationof
R3-12filters critically dependon the abundanceof As andS. Full understandingf the
CL chemistrycalls for more detailedand systematiaqgasanalyses.The traceelements
foundarelikely notto have effect onthe operationof RPCdetectorspnamelytheincrease
of darkcurrentsobsened. Later studieson the correlationbetweerdark currentincrease
andamountof contaminantsvill be subjectof anupcomingpaper

In all fluxedbakelite samplesve obserethe presencef defectsjn agreementvith
[8] [5]. The crystallinestructureof defectshasbeenobsened for thefirst time, aswell
asthe identificationof sucha crystallinestructureas NaF. The presenceof Na canbe
explainedasaccumulatiorprocesson defectof Na normally presenin the bakelite bulk
in form of NaOH.

BakelitesreleaseelementqNi, Cr, Cu, Zn) dueto a leachingprocessby the gas
mixture. Theseelementscan be filtered, and they actually are filtered by the zeolite
which keepssuchelementandundegoessuccessfutegeneratiorfor them. The bakelite
samplesanalyzedshav adepletionin sometraceelementg Cu, Ni, As, Cr,Sb)afterflux,
with CuandNi possiblybeingadsorbedn zeolite.

Although this study explains someeffects of the complex material sciencephe-
nomenologyin the RPCdetectoratthe CL gassystemmostof thebasicquestion®onthe
chemistryof gasandpurifiersremainobscure.A systematidnvestigationis in progress
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atthe CL prototypesetupfor chemicalsamplingof gasandpurifiers,andcorrelationwith
currentsbehaiour in dedicatedRPCdetectors.

7 APPENDIX |

A brief descriptionof the materialsusedfor purifying thegasmixtureatthe CL systemis
givenin this Appendix.

7.1 Molecular sieve 5A Typeby ZEOCHEM

Zeolite molecularsieves are crystalline, highly porousmaterials,which belongto the
classof aluminosilicates.Thesecrystalsare characterizedy a three-dimensiongbore
system,with poresof a preciselydefineddiameter The correspondingrystallographic
structurds formedby tetrahedronsf (AlO,) and(SiO,). Theseetrahedronarethebasic
building blocksfor variouszeolitestructuressuchaszeolitesA andX, themostcommon
commercialadsorbents.

Dueto the presenceof alumina,zeolitesexhibit a negatively chagedframework,
which is counterbalancedy positive cationsresultingin a strongelectrostatidield on
theinternalsurface. Thesecationscanbe exchangedo fine-tunethe poresizeor the ad-
sorptioncharacteristicskor instancethe sodiumform of zeolitetype A hasaporeopen-
ing of approximately4A, andit is calledcalleda4A molecularsieve. If the sodiumion
is exchangedwith thelargerpotassiunion, the poreopeningis reducedo approximately
3A (BA molecularsieve). On ion exchangewith calcium, one calciumion replaces
two sodiumions. Thus, the pore openingincreasego approximatelysA (5A molec-
ular sieve). lon exchangewith othercationsis sometimesisedfor particularseparation
purpose$25].

ZeoliteA, likeotherzeolitess synthesizeth agellingprocess Source®f alumina
(usuallysodiumaluminate)andsilica (usuallysodiumsilicate) aremixedin basicwater
solutionto giveagel. ThealkaliagenttanbeNaOHor solutionsof quaternarammonium
salts,amines,or otherpolarorganics. The gel is thenheatedto 70-300°C to crystallize
thezeolite. The zeoliteis normally synthesizedh the Na* form. This canaccountor Na
presencen the5A zeoliteLINDE TypeA, andthenon-completéon exchangeof Na™ by
Ca"* canjustify a5% of NaOin CL molecularsieve. Chemicalcompositionof standard
LINDE TypeA zeoliteis [26—31]

Nagl, 78196 — A1960384 (dehydrated) Na64(H2())3267718196 — A19603g4 (hydrated) (1)

ZEOCHEM([16] MolecularSievetype5A is analkali aluminoSilicate,andit is the
calciumform of the Type A crystalstructure.Typical chemicalformulafor ZEOCHEM
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molecularsieve 5A is
07Ca003Na20A120328102n HQO (2)

TypeS,& hasan effective poreopeningof 5A. It is especiallysuitablefor Pressuré&wing
Adsorption(PSA)applicationavhereit maybeusedfor theseparatiorof normal-andiso-
parafins (C4to C6 species)in PSAhydrogenpurificationandin oxygenconcentrators.
It is an excellentadsorbento remove water CO,, H,S from sour naturalgasstreams,
while minimizing COSformation. Light mercaptansre alsoadsorbed.lIt is alsoused
for the separatiorof normal-andiso parafins, andproductionof high purity N, O,, H,
andinert gasesrom mixed gasstreams.ZEOCHEM molecularsieve Type 5A canbe
regeneratedy eitherheatingin the caseof thermalswing processespr by loweringthe
pressuren the caseof PSA processesTo remove moisturefrom a 5A molecularsieve,
atemperaturef 250-300C is required.A properlyregeneratednolecularsieve cangive
moisturedew pointsbelav -100°C, or mercaptaror CO, levelsbelon 2 ppm[16].

7.2 Cu-Zn filter type R3-12 by BASF (25%), Cu filter type R3-11G from BASF
(25%).

BASF CatalystR3-12[17]is designedor removal of arsine,phosphineH,S andCOS
in the treatmentof processand productstreams. CatalystR3-12is widely usedin the
purificationof polymergradepropylene,andin guardbedsto protectnoblemetalcatalysts
from arsenicandsulphur Arsenicandsulphurreactwith the CuandZn constituentsn
the catalystto form stablemetal complexeswhich do not migrateor desorboff of the
catalystthereforemakingR3-12notregenerableThe compositionis nominally 40 wt.%
Cu0,40wt.% ZnO, and20 wt.% Al ,05.

BASF CatalystR3-11G[17]is designedor regeneratre removal of O, CO, H and
othersfrom industrialgasesandliquids, compositionis CuO. Capacityandlifetime vary,
dependingn levelsof arsineandsulphur onthe spacevelocity, andotherfactors.

7.3 Ni-AlO; filter type 6525by LEUNA (50%)

LEUNA CatalystNi-AlO ; filter type 6525[18]is usedfor hydrogenatiorof benzenephe-
nols and cresols,reductionaminationof alcohols,aldeydesandketonesinto the corre-
spondingamines,methanations.The catalystconsistsof approximately60 wt % Ni in
aluminatabletform. The datasheetsuggestshe needto inquirethe compaly for a suit-
ableregeneratiorprocedure.lt is declaredvulnerableto humidity, andthe presenceof
veryfine dustyparticulatesvhich callsfor a particulatefilter.
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8 APPENDIX Il

Materialsstudiedn thispapemwereanalyzedollowing theprotocolsstandaraf chemical
analysis.Tablel shavstheanalysigechnicqudor eachsample a brief descriptiorof the
techniquess alsoaddedfor thereaderinformations.

Tablel: Synopsisof chemicalanalyseperformedonfilters, gasandbalelite.

SAMPLE ANALYSES
MOL. SIEVE5A UNUSED 1,2
MOL. SIEVE3A UNUSED 1,2
Ni Al2O3 UNUSED 1
CuCuZnUNUSED 1
CuPIPEUNUSED 1,3
BAKELITE A OILED UNUSED 1,3
BAKELITE B OILED UNUSED 1,3
BAKELITE C OILED GRAPHITEUNUSED 1
MOL. SIEVE5A USED 1,2
Ni Al203 USED 1
CuCuzZnUSED 1
BAKELITE A OILED GRAPHITEUSED 1,3
BAKELITE B OILED GRAPHITEUSEDDEFECT 1,3
MOL. SIEVE5A REGENERAED 1,2
MOL. SIEVE3A REGENERAED 1,2
Ni Al;03 REGENERAED 1
CuCuZnREGENERAED 1
WHITE SAMPLE NATURAL ZEOLYTE 1,2
GAS BEFOREAND AFTERFILTERS 4
ABBREVIATIONS
1 X-Ray Fluorescence
ICP-AES(Inductive CoupledPlasma-Atomic EmissionSpectroscop
NAA (NeutronActivation Analysis)
ICP-MS(Inductive CoupledPlasma-MasSpectrometry)
2 XRD (X-Ray Diffraction)
3 SEM-EDS(Scan.ElectronMicr. - Enegy Dispersve Spectrum)
4 HPLC (High Pressuré.iquid Chromatography)

A brief descriptionof analysismethodsusedin this studyis given[32]

¢ XRF (X-Ray Fluorescenceis the emissionof characteristic¢secondary”(or flu-
orescent)X-rays from a materialthat hasbeenexcited by bombardingwith high-
enegy X-raysor gammarays.

¢ ICP-MS (Inductively coupledplasmamassspectrometry)s a type of massspec-
trometry that is highly sensitve and capableof the determinationof a range of
metalsandseveralnon-metalsat concentrationdelov onepartin 1012.1t is based
on couplingtogetheraninductively coupledplasmaasa methodof producingions
(ionization)with a massspectrometeasa methodof separatinganddetectingthe
ions. ICP-MS is also capableof monitoring isotopic speciationfor the ions of
choice.
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¢ NAA (NeutronActivation Analysis)is a nuclearprocesaisedfor determiningcer
tain concentrationsf elementsn avastamountof materials.NAA allowsdiscrete
samplingof elementsasit disregardsthe chemicalform of a sample,andfocuses
solely on its nucleus. The methodis basedon neutronactivation and therefore
requiresa sourceof neutronsarangeof differentsourcesanbeused.

¢ ICP-AES(Inductively CoupledPlasma-MasSpectrometry)alsoreferredto asin-
ductively coupledplasmaoptical emissionspectrometrfICP-OES),is an analyti-
cal techniqueusedfor the detectionof tracemetals. It is a type of emissionspec-
troscopy that usesthe inductively coupledplasmato produceexcited atomsand
ionsthatemit electromagneticadiationat wavelengthscharacteristiof a particu-
lar element.Theintensityof this emissionis indicative of the concentratiorof the
elementwithin the sample.

¢ XRD (X-Ray Diffraction)Ponderdiffractionis atechniqueusedto characteris¢he
crystallographicstructure crystallite size (grain size),andpreferredorientationin
polycrystallineor powderedsolid samples.Powvder diffractionis commonlyused
to identify unknowvn substancedy)y comparingdiffraction dataagainsta database
maintainedby the InternationalCentrefor Diffraction Data. It may alsobe used
to characterizeheterogeneousolid mixturesto determinerelative abundanceof
crystallinecompoundsand,whencoupledwith lattice refinementechniquessuch
asRietveld refinementcan provide structuralinformationon unknovn materials.
Pawderdiffractionis alsoa commonmethodfor determiningstrainsin crystalline
materials An effectof thefinite crystallitesizess seerasabroadeningf thepeaks
in anX-ray diffractionasis explainedby the ScherrefEquation.

e SEM-EDS(Scan. ElectronMicr. - Enegy Dispersve Spectrum)is an analytical
techniqueausedfor the elementabnalysisor chemicalcharacterizationf a sample.
It is oneof the variantsof XRF. As atype of spectroscoy it relieson theinves-
tigation of a samplethroughinteractionsbetweenelectromagneticadiationand
matter analyzingx-raysemittedby the matterin responséo beinghit with chaged
particles. Its characterizatiorapabilitiesareduein large partto the fundamental
principle that eachelementhasa uniqueatomic structureallowing x-raysthatare
characteristiof an elements atomicstructureto be identifieduniquelyfrom each
other

e HPLC(HighPressurdiquid Chromatographyjigh-performancdéiquid chromatog-
raphy(or High pressurdiquid chromatographyHPLC) is a form of columnchro-
matographyusedfrequentlyin biochemistryand analyticalchemistryto separate,
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identify, and quantify compounds.HPLC utilizes a columnthat holds chromato-
graphicpackingmaterial(stationaryphase)apumpthatmovesthe mobilephase(s)
throughthe column,anda detectorthatshavs theretentiontimesof themolecules.
Retentiontime variesdependingon the interactionsbetweerthe stationaryphase,
the moleculesbeinganalyzed andthe solvent(s)used. In this method,high pres-

sure(ratherthangravity forces)canpropelmobilephasehroughthecolumnpacled

with astationaryphaseof muchsmallerparticlesizes.Thisallowsfor aquickerand

morepreciseanalysison columnsof shortedength,whencomparedo plaincolumn

chromatography
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