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Introduction. Lossof prestressin theendclampsof short SSCdipolemagnetshas
beenattributedto thethermalcontractionof the0-10insulatingpiecesFermilabdrawings
0102-MC-217722and 0102-MC-217770,which is larger than the contractionof the
surrounding stainless steel cylinder Fermilab drawings 0102-MC-217769and
0102-MC-217725.

Two solutionsto this problemhavebeenproposedso far: 1 The replacementof the
0-10 partswith castpiecesmadeof "Stycast" seebelow and2 The useof 0-10 parts
with the fiber planesperpendicularto the magnetaxis, so that contractionin theradial
direction is minimized.

At this time, 0-10partswith thefiber planesperpendicularo the magnetaxis areon
order,andareexpectedto be availablein themiddleof September.Meanwhile,leadand
returnendinsulatorpieceshavebeencastin Lab 5 from Stycast2850FT,havehadtheir
dimensionscheckedwith the Cordax 1808 in the ICB quality assurancelab, and are
availablefor installationin D50311.

We havebeenhesitatingover usingthe Stycastpiecesbecausewhile we know from
variousverbalsourcesthatStycastis supposedto matchthethemialcontractionof metals
quite well, we havenot hadquantitativein-houseexperimentalevidencethattheseclaims
aretrue.This memodescribesprogressmadesofar on investigatingthethermalconiraction
propertiesof Stycast2850FT.

Stycast. The epoxyresin Stycastis in reality a largefamily of resinsavailablefrom
Emersonand Cuming, Inc. Thereare aboutfifty Stycastresinsavailable, and several
curing agentsmay be usedwith eachresin. A completecatalogof Stycastresinsandcuring
agentsmaybe obtainedfrom JayHoffman in Lab 5.

The varietyof Stycastwhich hasbeenusedin low temperatureapplicationsatFermilab
seefor example,reference4 is Stycast2850FF. Thereareacutally two kinds of 2850Ff,
ablue and a black. The blue is usedin high voltageapplicationsbecauseof its superior
dielectric strength.As far as I know, only the bluekind hasbeenusedat Fermilabin the
past. The curing agent used has normally beenCatalyst24LV LV standsfor "low
viscosity.’ Catalyst24LV doesnotrequirean ovencure.

All Stycastresinsareproprietary, andno referenceI havebeenable to find so far
specifiesthe compositionof theStycastresin. Stycast2850FFis a "filled" epoxyresin,
thatis, astandardresinwith materialaddedto modify thethermalanddielectricproperties
of thefinal curedmaterial. JayHoffman in LabShasisolatedthefiller from 2850FF. It is
a whitepowderwith abouttheright densityandappearenceto be aluminaA1203,but it
hasnotbeenchemicallyanalyzed.

I wish to clear up at this point one confusingbit of terminology that has been
complicatingtheseinvestigations.This is theterm "loaded." As stated,Stycast2850FFis
afihledepoxyresin, If theterm "loaded"is usedto mean"filled," thentheStycastof which
we havesamplesis indeed"loadedStycast." If the term "loaded" is usedto refer to an
externalloadplacedon thesampleduringthecuring process,asI haveheardat leastone
knowledgeablepersonuseit, thentheStycastof which we havesamplesis NOT "loaded
Stycast."
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ExistingThermal Data. I haveobtainedfrom Jay Hoffmanthe specificationsheet
on Stycast2850FFfrom the Emersonand Cumingcatalog. It lists theroomtemperature
propertiesof Stycast2850FFcuredwith Catalyst11. In particular, thethermalexpansion
coefficient is given as29ppm/C. Type 316 stainlesssteel has 16.Oppm/C,while the
normalrangefor unfilled epoxiesis 30-6OppnilC.

Since Stycast2850FFis supposedto match the thermal contractionpropertiesof
metals, the manufacturer’sdataseemsurprisinglycloseto the lower rangeof unfilled
epoxy values. However,the integratedcontractionbetweenroomtemperatureandliquid
helium temperaturedependson the detailsof the thermal expansionas a function of
absolutetemperature.

MoysesKuchnir has providedme with two referencesto the thermalcontraction
propertiesof Stycastandotherepoxies.Thesearereference1 andreference2.

The authorsofreference1 givedatafor severalStycastresinsincluding 2850FF. They
presentresultsfor Stycast2850FFwith andwithout additionalfusedquartzSi02. In both
cases,they usedthecuring agentCatalyst11. Theydon’t specify the blue or the black
variety of 2850FFresin.

The integratedcontractionL3yJ - L4 / L3yj for Stycast2850FFwith no extrafiller is
4.2x 10. For comparison,they give 3.1 x io-3 for 304type stainlesssteel. With the
additional fusedquartzfiller, they obtain3.0 x io, from which theyconcludethat it is
possibleto matchthe propertiesof stainlesssteelquite well by modifying commercially
availableStycast2850FFwith extrafiller.

The authorsofreference2 giveresultsfor severalvarietiesof Stycastresin,curedwith
variouscuring agents,including 24LV. For the curing agent Catalyst11, theyobtain an
integratedcontractionof 5.0 x 10 and 5.1 x 10-s,dependingupon the percentageof
curing agentused. Both of thesevaluesarehigherthanthevaluesin reference1. Stycast
2850FFcuredwith catalyst24LV givesan integratedcontractionof 5.3x l0.

MoysesKuchnir haspointedoutto methat reference1 andreference2 are23 and 15
yearsold respectively.The propertiesof commerciallyavailableepoxyresinsmay change
over thesetime scales.For this reason,a dilatometermeasurementis scheduledearly this
weekin Lab 5 to determinethe thermalcontractioncurve for Stycast2850FFcuredwith
Catalyst24LV.

Reference5, which I obtainedfrom MasayoshiWake,gives thermalcontractiondata
for variousfilled epoxieswith which Wakeandtheotherauthorsexperimentedin Japan.
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Our Measurement.On the suggestionof MasayoshiWake, we performeda simple
measurementin Lab 2 of theintegratedcontractionof piecesof severalmaterialsbetween
roomtemperatureandliquid nitrogentemperature.

The stycastsamplewasa 1 inch diametercylinderof Stycast2850FFcuredwith 24LV
catalystmeasuring2.878+!- 1 inchesat room temperature299.7K. A 1 inch diameter
stainlesssteel type 304 cylinder measuring2.875 inches at room temperaturewas
preparedfor comparison.

Both cylindersweremeasuredbefore and after immersionin a liquid nitrogenbath.
Thecylinderswerekept immersedin theliquid for severalminutes,andthen withdrawn
andmeasuredwith handcalipersasquickly aspossible.The fractionalcontractionof the
steelcylinderwas 2.78x 10-i. The Stycastcylindervaluewas4.87x 10g. This is close
to what wouldbe expectedfrom reference2.

We alsomeasuredthecontractionof two 0-10pieces.The first wasa cylinder 1 7/8
inchesin diameter,measuring1.030inchesin length at roomtemperature.The fiber planes
in this pieceranperpendicularto theaxisof thecylinder. The fractionalcontractionalong
theaxisof thecylinderperpendicularto thefiber planeswas9.71x io, quitea bit larger
thantheStycastor thestainlesssteel.

The second0-10 piece was a hollow circular cylinder outer diameter.5 inches,
thickness.065incheswith thefiber planesrunningin the azimuthal direction. The mom
temperaturelength ofthecylinderwas2.868inches. Thefractionalcontractionalongthe
axis of the cylinder in theplaneof thefiber layerswasfound to be 1.39x iO. This is
thesmallestof anyof thevaluesobtained,includingthestainlesssteel.

Conclusions.Thereis someevidencethat insulatorpiecescastfrom Stycast2850FF
curedwith Catalyst24LV will havelessradial thermalcontractionthanthestandard0-10
insulators,in whichthefiberplaneslie parallelto themagnetaxis.

Thereis evidencein theliteraturethat 1 furtherfilling of theStycastresinand2 curing
with Catalyst11 can furtherlowertheintegratedcontractionoftheinsulatorpieces.

Finally, thepreliminaryindicationis that0-10with thefiber planesparallelto theradial
directionwill givethesmallestthermalcontractionof anyof thematerialssuggestedso far.

Still to Come. As mentionedabove, we plan to do our own measurementof the
thermalcontractioncurveof Stycast2850FFin Lab 5 this week.Furthermore,we haveyet
to determinethe chemicalcompositionof the filler of commercial2850FFresin,or to
experimentwith samplescured with catalystsother than 28LV or with modified e.g.
quartzfilled resin.
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