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Accomplishments

* Influenceof heattreatmentprocedureon the microstructureof copperlayerin the SSCL
beamtubehasbeeninvestigatedby SEM andX-ray di&action.

* A one-meterlong tube with electrodepositedCu film was heat treatedat 700°C for 2

hourswith a moving stagefUrnaceandwasdeliveredto SSCLon August 6. This sample

tubewill be referredto astube#008vafterward;

* A one-meterlong tube with electrodepositedCu film was heat treatedat 700°C for 5
hours in a larger furnaceand was deliveredto SSCL on August 23. This sampletube

will be referredto astube#007vafterward;

* Photodesorptionmeasurementsshow that the bestresultwas obtainedwith tube #007v.
The photodesorptionoutgassingofH2 and CO2 werereduceda factor oftwo andCO a

factorofthreecomparedto tubeswithouttheheattreatment.

Introduction

The photon-stimulated desorption of H2, CH4, CO and CO2 gasses in the

SuperconductingSuperCoffider LaboratorySSCL beamline is detrimentalto SSCL normal

operation. Thephotodesorbedgasmolecules,particularlyhydrogen,will demolishthevacuum
and scatterthebeam[1,2J. Thereareseveralapproachesto solvethis problem[31,oneof them
is to reducethe amount of hydrogenin thenearsurfacematerialsofthe beamtube. For the
presentresearch,the material in concernis an electrodepositedcopper film on Nitronic 40
stainlesssteeltube.

Single crystal copper has a very low hydrogen solubility[4]. However, in the

electrodepositedcopper films, there are significant amounts of copper oxides, pores,
dislocationsandgrainboundarieswhich fUnction asstoragesitesfor hydrogen[5-7]. In order
to reducehydrogenand other gasesin electroplatedcopper films, one needsto 1 reduce
porosityandoxide contents,2 enlargegrain sizesoasto reducethetotal grainboundary,and
3 removethegasesfrom thesestoragesites. The gasesin thecopperfilm canbe removedby
heatingthematerial in vacuumor hydrogen. Hydrogenis thebestreducingelements,it reacts
and reducesoxidesat an elevatedtemperature.Due to its high diffUsion rate, it can be readily
removedfrom the copper film when the tube is later evacuated. The grain size increases
throughrecrystallizationwhenthematerial is annealedat an elevatedtemperaturefor sufficient
time. Therecrystallizationprocessalsoreducestheporosity.

The objective of this researchis to reducephotodesorptionoutgassingof H2, CO and
CO2 from the SSCL beamline throughimprovementof the microstructureand chemistry of
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copperfilm on the stainlesssteelbeamtube. Oneapproachto accomplishthis objective is to
develop an appropriateheat treatmentprocedurewhich would both reduce porosity and
oxides,andenlargethegrain size oftheelectroplatedcopperfilm.

Experiment

A. Effect of Heat Treatmenton the Microstructure and Chemistry of Small
Samples

Onemeterlong 33mmOD sampleSSCLbeamtubeswere suppliedby SSCL. The tubes
were made of Nitronic 40 stainlesssteel SS with Silvex electrodepositedCopper films
50-7Ojxmon theinnersurfaceof thetubes. Small heattreatmentsamples20x20mm were

cut from the tube. Microscopicanalysisof the copperfilm was doneusing both optical and
scanning electron microscopes. Electron microscopic work was accomplishedusing an
ElectroScanEnvironmentalScanningElectron Microscope. The resultsof SEM analysison
the original "as received"samplesshoweda porouscolumnartypestructureasshownin Figure
1. At highermagnifications,a fine distributionofporeswasclearlyvisible in this sample. Both
the columnarstructureand porosity were a result of the electrodepositiontechniqueused in
growing thecopperfilm.

With the properannealingprocedure,the desiredeffect would be to recrystallizethe fine
grained columnar structure and grow a large grained structure, while at the same time
consolidatethe small poresinto larger onesthatwould leadto some overall reductionof the
volume of porosity. The first step in setting the annealingconditions was finding the
appropriatetemperature. A temperaturerangewas studiedfrom 600°C to 800°C at 50°C
intervals. The effectof annealingtime on themicrostructurewasalsostudiedfrom 1 hourto 5
hours. The heat treatmentwas done in an atmosphereof 10% H2 + 90% He gases.
Hydrogenwasintroducedto reducethe copperoxideson the "as received" tube which were
formed during electroplatingand shipment. The use of a reducingatmosphereduring the
annealingprocedurebrought about some changein the chemistry of the copper film. The
changeis noticedin thecolorof thecopperfilm from a dull, light coppercolor to adeep,dark,
rich coppercolor. Although theexactnatureofthechangeis not yet known, it is believedthat
the surface oxides of the original copperfilm were reducedback to pure copper. It was
observedthatthegrain size increaseswith increasingannealingtemperatureandtime. Figure2
showstheSEM imageofa copperfilm annealedat 700°Cfor 5 hours. It can be seenthat the
annealedsampleexhibitsboth of thedesiredeffects. The largegrainedstructureis seenwith a
concentrationoflargeporeson thegrainboundaries.Using alinear interceptmethod,average
porosity and averagegrain diameterwere approximatedfor the original and the annealed
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sample. The averageporosity decreasedfrom 22.9 ± 7.2% in the original sampleto 10.2 ±
4.1% in the annealedsample. The averagegrain size increasedfrom 5.6 ± 2.5 micronsin the
original sampleto 20.5 ± 10.8micronsin the annealedsample.

X-ray di&action profiles of the original sampleand the annealedsamplealso show that
the grain size and crystal perfection have been dramatically improved by the annealing
treatment. Figures3 is thex-ray diffraction profilesof 111 peakoforiginal sampleand700°
C-5 hoursannealedsample. The original samplehasa broadpeak with FWHM fUll width at
halfmaximumof 0.45°. Thebroaddiffitction profile is dueto the small grain size and crystal

distortion. The x-ray di&action profile of the 700°C-5 hours annealedsampleis much

shaiperwith FWHM of 0.18° so as to reveal the Kctl -Ka2 doublet. The conclusionis that

theannealedsamplehaslargergrain sizeandless defects.

B. One-Meter Long Tube Treatments

Basedon theresultsfrom small samples,we decidedto annealone-meterlong SSCLbeam
tubesat 700°C. The first tube #008vwastreatedwith a 150mm-longfUrnaceon a traveling

stage. The schematicof the fUrnace setup is shown in Fig. 4. It is expectedthat the
temperatureof the copper film on the inner surfaceis lower than the outer surface. The
temperatureof the fUrnace was controlled at 715°C. The fUrnace moving speedwas so
designedthat it took 2 hoursfor the 150mm-longfUrnaceto passeachspotsof thetube. To
preventthe treatedcopper film from oxidation during shipping and handling, the tube was
passivatedby vapor deposition of approximately 200 to 300 angstromsof gold after the
annealing. This tubewasdeliveredto SSCL on August6 for photodesorptionmeasurements.

The secondtube#007vwastreatedat 700°C for 5 hoursin a largerfUrnacewith quartz

outlet to introducethe protectiongas into the tube. Since the whole tube is treatedin the
fUrnace simultaneously,we was able to choose a longer annealing time. This tube was
deliveredto SSCL on August23 for photodesorptionmeasurements.

C. PhotodesorptionMeasurement

Photon stimulated desorptionPSD experiments were conducted on the National
SynchrotronLight Source NSLS at BNL and on the VEPP2M storagering at BINP,
Novosibirsk,Russia[8]. In additionto thetwo tubestreatedin WI #007vand#008v,other
tubeseitheruntreated,or different materialsor treatedelsewhereweremeasuredin the same
setup. Theyarelisted in Table I, runs#1-#8 arefor tubeswithout heat treatmentin WI, run
#9 is for tube #008v and run #10 for #007v. Sampleswere installed in the beamlineand
pumpedto vacuumof l0 ton, andthenexposedto photonsand measured.Eachbeamtube
sampleis exposedto approximately1023 photonswhich represents100 daysof SSCoperation.
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The PSD experimentresultsare shownin Table II. Photodesorptioncoefficientis defined
asdesorbedgasyields in moleculeperphoton. The total amount ofphotodesorbedH2, CO

and CO2 and total photonexposurefor eachrun is also listed in the table. Among the ten

measurements,run #2 wason a purecoppertube, run #3 in a 1100gaussdipole magneticfield,

run#4 on a sampleofdifferentvendor,run #5 and #6 on asame350°Cvacuumbaked sample,

and run #7 on a 2 microns gold flushed sample. In order to evaluatethe effect of heat

treatment,we will analysisthe resultsfor run #9 and #10 and comparethem with run #1 and

#8 which areplatedCu without heattreatment.

Photodesorptioncoefficientsfor H2, CO, CO2 andCH4 versusaccumulatedphotonsfor

run #1, #8, #9 and #10 are given in Fig. 5-8. Comparedto run #1 and #8, run #9 on the
sampleannealedat 700°C for 2 hourswith a moving stagefUrnacedid not show anyreduction

in photodesorption. Run #10 on the sampleheat treatedat 700°C for 5 hours in a larger
fUrnaceachievedthebestresult. Comparedto run #8, thephotodesorptionoutgassingofH2

andCO2 werereduceda factoroftwo andCO a factorofthree.

Discussion

The resultsof SEM analysison the original "as received" sampleand the sampleheat

treatedat various temperaturesfor different times have given us a guideline on the heat

treatmentof the Cu plated SSCL beam tube. An annealingat 700°C for 5 hours can

recrystallizethe fine columnar grain and consolidatethe small pores. This leads to some
overall reductionof grain boundaryand porosity. X-ray diffiaction resultsconfirmedthat the

crystal structurein the heat treated sampleis much more perfect than that of the original

sample. The reducinggasalsoeliminatedoxidesin theplatedcopperfilm. Since the copper

oxides,pores,dislocationsandgrainboundariesfUnction asstoragesitesfor trappinghydrogen

and other gases,the improvementof the microstnictureand chemistry of the electroplated
copperfilm can reducethephoton stimulateddesorption. Run#10 on a sampleheattreatedat
700°C for 5 hours in a largerfUrnacehasconfirmedthis anticipation.

The first tube run #9 did not havethe expectedresults. This is probably due to the
following reasons:1 The heat treatmenttime is short comparedwith the secondtube run
#10. The first tube washeattreatedon a travelingovenfor 2 hoursin thecontrastof 5 hours

for the secondtube. Due to the temperaturedrop at both endsof the fUrnace, the effective
time is much less than 2 hours. 2 At both endsof the tube,no heat treatmenteffect was
expectedsincethe flange removesheataway andthe fUrnacecan not make fUll passover the
two ends. So that the microstructurein theboth endsof the tube is not improved. 3 The
heatup areais localizedin a 150mmrange,the gasinside thetubewill removeheat from the
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hot regionmorerapidly thanin the caseof the secondtubecase.We expecta more dramatic
temperaturedrop inside thetube. The real temperatureof thecopperfilm is likely to be lower
than the prescribedtemperature.4 Although we have consideredthe aboveeffects in the
first sample treatment, the effects were under-estimateddue to lack of quantitative
information. Further investigationon the above effectsshould be conductedif the traveling
stagefUrnaceis chosenasa practicalwayto treat theSSCLtube.

The result from run #10, thoughencourage,is only an early stepin finding an appropriate
heat treatmentprocedure. Further investigationon the heat treatmenttemperatureand time,
surfacecleaning beforethe treatment,content of the protectiongas, and vacuum degassing
afterheattreatmentwill bring aboutmorepromisingresults. It is possibleto achievean order
of magnitudeor morereductionof photodesorption.

Conclusions
AnnealingtheSSCLbeamtubeat 700°Cfor 5 hoursin a reducinggascanreduceporosity,

surfaceoxides and grain boundaries. As a result, thephotodesorptionoutgassingof H2 and
CO2 were cut downby a factor of two and CO by afactorofthree. The unsatisfactoryresult

on thesampletreatedon atravelingovenis due to insufficient annealingtemperatureandtime.
More experimentsare neededto fUrther improve the microstructureand chemistry of Cu
platedSSCLbeamtube.
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TableI: Sampletubesfor photonstimulateddesorptionPSDexperiments[5]

Run Tube# Materials and Treatment Source,Year Set Up

#1 024 Cu PlatedStainlessSteel Silvex, 1988-90 Unbaked

#2 025 CopperC10100 Hitachi Unbaked

#3 030 Cu PlatedStainlessSteel Silvex, 1988-90 Unbaked,1100gausst

#4 029 Cu PlatedStainlessSteel Fluhman,1992 Unbaked

#5 032 Cu PlatedStainlessSteel Silvex, 1988-90 3 50°CVacuumBaked1?

#6 O32rot ReRun#5, Rotated140° Silvex, 1988-90 No Backfill

#7 033 Au flashedCu PlatedSS Silvex, 1993 Unbaked

#8 034 CuPlatedStainlessSteel Silvex, 1993 Unbaked

#9 008v CuPlatedSS, 700°C-2Hours

ScanningAnnealing,Au flashed
Silvex, 1988-90 Unbaked

#10 007v CuPlatedSS, 700°C-5Hours
Annealing

Silvex, 1988-90 Unbaked

t Measuredin a 1100 gaussmagneticfield.
Q Vacuumbakedprior to PSD exposureSSCcan notbe vacuumbaked.

TableII: Photodesorptioncoefficientsandamountof photodesorbedH2 , CO and CO2 for

different test samplesat approximate10B photons/mBNL runs

Run#
Yield, Molecules/Photon GasDesorbedTorr-Liter

Total
PhotonsH2 CO CO2 H2 CO CO2

#1 1.4xlC’ 2.0x105 1.lx105 1.7 3.5xl0’ 2.4x10’ 9x1022

#2 1.0xl0 2.6x105 2.0xl05 7.9x10’ 2.3x10’ 2.5x10’ 7x1022

#3 1.4xl0 l.9xl05 l.7xl0’ 9.8xl0’ 2.3xl0’ 1.7x10’ 2xl023

#4 1.5x10 2.8x10’ l.2xl0’ 8.2xl0’ 1.8xl0’ 1.8x10’ 2x1023

#5 9.0xl05 1.2xl05 9.4x105 5.2xl0’ 8.2xl02 l.1x10’ 7x1022

#6 7.0x105 1.lx105 5.0x10’ 4.OxlO’ 6.lx102 3.1x102 1x1023

#7 l.4xl0 1.2xl05 9.5x10’ 1.0 1.3xl0’ 1.2xl0’ lx 1023

#8 1.OxlO’ 2.5x105 2.lxlO5 1.05 3.0x10’ 3.1x10’ lxlOB

#9 l.6xl0 3.Ox 1cr5 2.9x 1Cr5 1.68 4.4x10’ 5.5x ICr’ 1xl0

#10 6.8x1Cr5 1.4x105 1.6x105 4.5x10’ 8.8x1Cr2 l.6x1Cr’ lx10
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Figure 1
Original Sample
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Figure 2
AnnealedSample
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Figure3. X-ray di&action profiles of 111 peakof the original sampleandthe
700°C-Shoursannealedsample. Theoriginal samplehasa broadpeak
with FWHM fUll width at half maximum of 0.45°. The annealed
samplehasa sharperpeakwith FWHM of 0.18° and showstheKul
Ka2 doublet.
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Figure4. Schematicof thetravelingstagefUrnaceusedfor annealingSSCL tube
#008v. 1-GasInlet; 2-Thermocouple; 3-SSCL Tube; 4-Flange; 5-
GasfVacuumOutlet; 6-SteppingMotor; 7-Traveling Rail; 8-Vacuum
Sensor; 9-Tube Supporter; 10-Furnace;11-ReducingGas Flow; 12-
AdjustableFurnaceStage;13-Driving Screw.
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Figure5. Photondesorptionmeasurementresultsof tube #024 1988-90Silvex
Cu platedSSuntreated.
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Figure6. Photondesorptionmeasurementresultsof tube #034 1993 Silvex Cu
platedSSuntreated.
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Figure7. Photondesorptionmeasurementresultsoftube#008v1988-90Silvex
Cu plated SS, Annealedat 700°C for 2 hours with a moving stage
fUrnace. -
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Figure8. Photondesorptionmeasurementresultsoftube#007v 1988-90Silvex
Cu plated55, Annealedat 700°Cfor 5 hoursin alargefurnace.
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