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CiTATIONAND S RUSED FILAMENT FABRICATION IS AMONG THE MOSTWIDELY US
CREATE COMPLEX DEVICES FROMA CONTINUOUS FILAMENT OF
TECHNIQUE HAS GARNERED CONSIDERABLE INTEREST FOR THE
UNDER SEVERE RADIATIONENVIRONMENTS INCLUDING PARTIC
WORK WE EVALUATED THE RADIATION EFFECTS ON SEVERAL C,
NAMELY THE POLY LACTICACID 0,! THEACRYLONITRILEBUT
ELASTOMER 40% ORINTING FILAMENTS HAVEBEEN EXPOSED °
FROM K'YTO -'Y 4HERESULTSFROMTENSILETESTS THERM
CALORIMETRY THERMOGRAVIMETRIC ANALYSIS DYNAMIC MEC
TESTS &0URIER TRANSFORMINFRARED SPECTROSCOPY AND 2
DEGRADATION OF MATERIALPROPERTIES PREDOMINANTLY AF
CHEMICAL AND THERMAL ONES 4HEO,' SHOWS THE LOWEST RA|
DRAMATICALLY DECREASING THE TENSILE STRENGTH ABOVE
MECHANICALDEGRADATIONAFTER -'YAND -'Y RESPECTIVEL
INVESTIGATED AND THEDEGRADATIONISPRIMARILY ATTRIBU
MECHANISM
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JNTRODUCTION

OOLYMERIC MATERIALS FOR $PRINTING AREOFINCREASINGINTERE!
EXTREME RADIATIONCONDITIONS SUCHASPARTICLEACCELERATOR
WASTE; MEDICAL FIELD AND & A3ANBESPARE MFS&ORNTSH,IS REASON RA
EFFECTS ON SEVERALCATEGORIESOFCOMMERCIALPRINTING MATEF
4HEEFFECT OF RADIATIONONPOLYMERSDEPENDS ONVARIOUSPA
TEMPERATURE THEDOSE RATE AND THEAWEIRRMDOT ATNCN- INDDEIEAIS H
IONISATIONS OFTHEPOLYMER CHAINS LEADINGTOTHE FORMATION
CROSS LINKING AND ORCHAINSCISSION 4HETWO COMPETINGDYNA
DOMINANT DEPENDING ONTHE SPECIFIC POLYMER ANDONTHEIRRAD
THEFORMATIONOF NEWBONDSINBETWEENTHE POLYMER CHAINS T
MODULUS AND STRENGTHANDTO EMBRITTLEMENT OF THE MATERIAL
REDUCTIONINMOLECULARWEIGHT ANDCONSEQUENTDEGRADATION
USUALLYLOSINGINSTRENGTHAND ELONGATIONATBREAK,;

C 4HE!UTHOR S OUBLISHEDBY )/0OOUBLISHING ,TD
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40 THEBESTOFOURKNOWLEDGE THESTUDIESONTHEEFFECT OF
ARELIMITED TO THE EFFEEDS OFHO GGINENIRRRADIATION AT ADOSE RATE

K'Y H; n = ORTO NEBEAM IRRADIATIONUPTO = KOREOVER TH
EXISTING LITERATURE ONRADIATIONEFFECTSINTHESE MATERIALS |
SPACE APPLICATIONS FOREXAMPLE THEFILAMENT MAY ALSO BE EX|
#RUCIALLY THEEFFECTSONTHE RAWMATERIALMUSTBETHOROUGH
OFIRRADIATIONONTHE PRINTEDITEM 4HEREFORE ANEWRESEARC
AVAILABLE KNOWLEDGE ABOUT RADIATIONEFFECTS ONPOPULAR $P
FABRICATION NAMELY THEPOLY LACTICACID O0,! THEACRYLONITI
THERMOPLASTIC ELASTOMER 40%

ORINTING FILAMENTS HAVEBEENEXPOSED TO X RRAYSH BROM™ KE®G6

K'Y;(/=TO -'Y; THATARETYPICALDOSERATEANDDOSESREACHE
ENVIRONMENTS SUCHAS THE ONES GENERATED BY PARTICLE ACCELE

JNTHE FOLLOWING WE SHOWTHE CHANGESINASELECTION OF PRC
FUNCTIONOFTHEDOSE 4HEIRRADIATIONS WEREPERFORMED ATTH
SAINT %TIENNE &RANCE ANDSAMPLE CHARACTERISATIONS WERE J
S3CIENCE AND 4ECHNOLOGY ,ABORATORY OFTHE SNIVERSITY OF "RES
INVESTIGATIONSINCLUDE THERMAL MECHANICAL AND SPECTROSCO
THERMOGRAVIMETRIC ANALYSIS 4'! DIFFERENTIAL SCANNING CALC
ANALYSIS $-4! TENSILETEST &0URIERTRANSFORMINFRARED SPE
AIMING AT FINDING CORRELATIONSBETWEEN STRUCTURAL AND MACF

-ETHOD

4HEEFFECTS OF RADIATIONS ON $PRINTING MATERIALS WERE EXPL(
MATERIALS 0,! 2AISE $OREMIUM )RVINE #! 53! 1"3 2AISE $0REMI
40% "IOFLEX PRODUCEDBY &ILOALFAANDPURCHASEDBY -AIP#0OMP
SEMI CRYSTALLINWROOH MEMNOWN FORITS BIODEGRADABILITY AND |
PRINTING ALTHOUGHITHASLOWMECHANICAL PROPBRTIANS AMO R P M
MATEREFAAND ITIS NOTCONSIDEREDBIODEGRADABLE BUTITISWIDE|
AND CHEMICAL RE&ISIPANEE40% IS A40% WHICHIS REPORTED TO HAV
COMPOSEDBY TWODISTINCT SEMDORHAT ANLNEPRHABHEER, LIKE ELAST
AND SOLVENT RESISTANCE AND#TISARECYCLABLE MATERIAL;
3AMPLES ARE SHOAV MNDRHGBVRE NOMINALDIAMETER OF MM 4HE
ARE PREPARED FORTENSILETESTS ANDTHE CMLONGONESFORTHE

SAMPLEIRRADIATION
4HE IRRADIATIONS WERE PERFORMED ATTHE ,AB(# USING COMMERCI

K6 AND FIBUREOWS THE EXPERIMENTAL SETUP 4HE DOSE RATE IN (
POSITIONS WAS MEASURED ONAGRIDOFPOINTSUSING A047 COol
PROVIDES ADOSERATETO WATER VALUE"SHIELDED BY MM OF ALUN
CONDITIONS OF SAMPLES 3URFACEDOSEHOMOGENEITYINTHEIRRA

+NOWING THE MATERIALOFTHE TARGETINTHE X RAXDUBE INHNERS
FILTRATION MMOFBERYLLIUM THEENERGY SPECTRUMOF X RAYS
PEKOY V= ANDITIS SHOWAN IN FIGURE

JNTHE EXPERIMENTAL SETUP SAMPLES AREPLACEDBELOW AN ALL
THE SPECTRUMBY STRONGLY ATTENUATINGPHOTONS UPATOVAPPIRO)
WOULD CAUSEANON NEGLIGIBLEDOSEINHOMOGENEITYINTHE SAMI
THICKNESS $OSEHOMOGENEITYISIMPROVED ATTHE EXPENSE OF Tt
REDUCED BY ALMOSTAFACTOROFTENINCOMPARISONTO THEUNFIL
CONDITIONS ARE REBORTMHHESIENOFOGERROFILES WERE ESTIMATED USII
REALISEDBY=0O(NWHEDOSE WASCOMPUTEDIN SLICESOFACYLINDER

MMLENGTH EXPOSEDTOANISOTROPIC SOURCE O& X RAYS AND EN

4HEIRRADIATED SAMPLES HAVE BEEN EXPOSEKD' HO ANDIDBE SRREAS E DN
FROM K'YTO -'Y ASREPQRREDINTIAOBISEWERE PERFORMED AT MONI
AND THE SELECTED DOSE RATEDOESNOTLEADTOACONSIDERABLE S
REPORTED DOSE VALUES REFERTODOSETO WATER
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D USING

4ENSILETEST
4HE MECHANICAL PROPERTIES OF FILAMENTS BEFORE AND AFTER IRR
AT ROOMTEMPERATURE BY MEANSOFANELECTROMECHANICALDYN

CROSSHEAD SPEED ®OND AVGMMAWIGIE LENGTH OF

MM WERE ADOP&EB ST

EACHMATERIALAND EACHDOSE INVESTIGATED TESTS WERE REPEAT
TERMS OF NOMINVMERSIRESGBRRMES &ROM THESE CURVES THE FOLLO)
OBTAINED THE9OOUWNGEVAMOBUED&AS THE INITIAL SLOPEOF THE CURYV
EVALUATED ASTHE MAXIMUM STRESS CORRESPONDINGTO THE YIELI
TOTHEULTIMATE STRESSFORTHOSE SHOWERNGBRISPFEEIMENBREATK

REACHFAILUREDURINGTHETESTS

VALUES

ITIS QNRE FOGKERLTEHAN INDECATS






* OHYS -ATER , 30 S TEEIRAL

4ABLBFFECT OF THE IRRADIATIONCONDITIONON $3# RESULTS FROMSECOND HEATIN
SPECIMENS
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&IGURB# TRACES A FIRSTAND B SECONDHEATINGSCAN C 4''TRACES AND D $-
SPECIMENS NON IRRADIATED AND SUBJECTED TO VARIOUS X RAYDOSES

4HE STORAGE MODULUS RANGESFROMHIGHER VALUESINTHE GLASS
LOWER VALUESINTHE RUBBERY PLATEAU ULTIMATELY TRANSITIONI
DOWNWARDDEVIATIONOFTHE STORAGE MODULUS 4HE MATERIAL EV
REMAINS PRACTICALLYUNALTERED FORALLSPECIMENS CORROBOR
HAS AVISIBLEIMPACT ONTHE FINALPORTIONOFTHE CURVES INDIC/
ATLOWERTEMPERATURESASTHE ABSORBED DOSEINCREASES 4HE T
FROMTHE RUBBERY PLATEAB]SREPORNTERIGICABAE RADUAL DECRE/
DOSE REACHING AREDUCAFONRORRADRETIFOANLEVELS AROUND -'Y Tl
ALMOST -'Y CAUSED SUCHPRONOUNCED EMBRITTLEMENT THAT SPI

&INALLY INTHECASEOF40% $3# RESULTS SHOW A PRONOUNCEDE
FIGURE WHICHDISAPPEARSINTHE SUBSEQUEINPHEAME® BECYA N HEI
SIGNALSOFTHE SOFT LOWTEMPERATURE ANDHARD HIGHTEMPER;/
ARE CONSISTENTWITHTHOSE DESCRIBED IN AN DIVFP RIHH RMY /HEERV A L
ASSOCIATES THEMTO MELTING OF SOFT AND HARD SEGMENTS FORMII
THEFIRSTHEATING SCANSOFIRRADIATED SPECIMENS THE EXOTHET
LOWERTEMPERATUREWITHINCREASING RADIATION AXMANDDARAENERD B
ENTHALPXbPRESENTED&NMRASBRIMPLES IRRADIATED AT K'Y AND K'Y
SIGNIFICANTMAARESOBND DUETO THE OVERLAP OF THE SIGNAL WITHE
THE HARD SEGMENTS 4HIS ANOMALY CANBEASCRIBED TOEARLY DEC
FIGURE WHICHINDICATEASIGNIFICANT DEGRADATIONABRGBNEESS TFH
TABLEN MOREIRRADIATED SYSTEMS ENCOMPASSING THERMAL ZONE.
SIGNAL IN PRARSRPEURBRSEFBR THELOWEST DOSE K¢' ¥ ORNICHEEYHU B H |

K'Y #ONVERSELY INTHE SECONDHEATING SCAN NO SUBSTANT I/
ABSORBEDDOSE AND BOTH 44 EANA4ON CCORVEESRPAONIRES TO THE SOFT A
RESPECTIVELY ANR BNDHALRPEMAIN CONSTANTUPONIRRADIATION E
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INTHETRACESOFTHE SPECIMENS THATRECEIVED THEHIGHESTDOS
EXHIBITASLIGHTWEXLAREASBSNOF THE SOFTDOMAINCRYSTALAINITY
44 SUGGESTINGTHEFORMATIONOFLOWER QUAMONCHRRDNIEOMMARE €
ALL40% SYSTEMS EXHIBITASIMILARBEHAVIOUR CHARACTERISED IN

# AND# ATTRIBUTED TOTHE MELTING OF CRYSTALLINE SOFT DOM/
GENTLY SLOPED PLATEAUTHATULTIMATELY REVEALSADOWNWARDTLE
REGIMEUPONTHE INITIALMELTING OFTHE HARD DOMAINCRYSTALS
INDICATED AN AREEEEREASES ASTHE ABSORBED DOSEINCREASES 3P
BE RANKEDINTO THREE GROUPS DEPENDINGONHOWTHEDOSEINFLU
NON IRRADIATED MATERIAL

nNnFOR DOSE VALUES UP TO K'Y THE STORAGE MODULUS CURVES OF

FLOWREGIMEREMAINUNALTEREDBY IRRADIATION

NFOR DOSE VALUES RANGING FROM K'Y TO K'Y THE ONSET OF T

DIMINISHED BY NOMORE THAN

nNnFOR THE HIGHEST DOSE VALUES K'Y AND 4&'&S OBBER¥BEBABLE
K'Y #FOR K'Y INADDITION THESTORAGEMODULUSATASPEC(

CONSISTENTLYWITHTHE REDUCTIONINTHE 9OUNG S MODULUS ME#

SPECTROSCOPY RESULTS
&4)2 SPECTRAOFNON IRRADIATED FILAMENTS WERE OVERAL:f CONS|
'FTERIRRADIATION ALLTHE MATERIALS SHOW SIGNS OF OXIDATION
AROUND n AMBOCIATED TO/n(STRETCHING VIBRATION 4HE REM
DISPLAYED NOCHANGESINTHEPOSITIONOFPEAKS ANDMINOR CHAN
SUBSTANTIALCHANGESINTHECHEMISTRY OF THE FILAMENTS

2AMAN SPECTROSCOPYONTHE THREE PRINTING MATERIALS PROVI
ONESFOUND INLITERAMUREHE PRESENTED SPECTRAHAVEBEEN NORI
2AMAN PEAKS AND ARESHOWNFORDIFFERENTDOSESINFIGURE

"3 AND 40% SPECTRADIDNOTEVIDENCECLEARVARIATIONSIN THE
FUNCTIONOFTHEDOSE WHILEWEOBSERVED ANINCREASEINTHE FL
ABSORBEDDOSE &0ORTHE !"3SWE ADDITIONALLY REPORAAGABRRBEE&ER(
TOTHE SKELETAL ¥ BRRO MM OC=R HNEG#,

7TEDIDNOTOBSERVE SIGNIFICANTDIFFERENCES ONTHE SPECTRUN
RADIUSOFTHE FILAMENT FORTHE !"3 BUTFORTHE 40% IRRADIATED
INCREASEINTHEBACKGROUND ALONG THE RADIUSOF  THE FILAMENT
FILAMENT ASSHOWNINFIGURE

&OR WHAT CONCERNSO,! WENOTICEDALOWREPEATABILITY OF TH
BACKGROUND BUTSTILLWEDIDNOTOBSERVENEWFEATURESONTH

$ISCUSSION

4HE SUBSTANTIALCHANGESINMECHANICALPROPERTIES RATHER TH
HYPOTHESIS OF CHAINSCISSIONASTHE MAINRADIATION INDUCED E
DISCUSSEDINTHE FOLLOWING

0,'SSHOWS ASIGNIFICANTDECLINEINMECHANICALPROPERTIES AS
SAMPLES UNDERGOPLASTICDEFORMATIONUP TO LARGE STRAIN VAL

K'Y BRITTLEFAILUREOFTHE SPECIMENS IS REPORTED AND AT l
SPECIMENS CANNOTBEEVENTESTED 4HESEEFFECTS ARE SIMILART
GAMMA IRRADIATED-OREPRECISELY THEAUTHORSOFTHESE STUDIE
IRRADIATED UP T”FOOR KWEN KBWUT FROMDOSESOF K'Y UPWARDS
THEY MEASURED WASNEVERHIGHER THAN ANDTHE 43 WASREDUCE
EMBRITTLEMENT ABOVE K'Y 4HEDIFFERENTDOSE THRESHOLD FOF
PRESENTWORKMAYBEATTRIBUTED TODIFFERENCESINTHEIR EXPE]|
| E DIFFERENT RADIATIONTYPE DOSERATE STRAINRATE SAMPLE
MINIMALBUT NOTEWORTHY INSIGHTS INTO THE EF 8 N&,0OFHEADU AG H(C
DECREASE AND THE DISAPPEARING OFTHE COLD CRYSTALLISATIONP
SAMPLE K'Y MAYBEATTRIBUTED TOADECREASEINTHE MOLECUL
INCREASED PRESENCE OF SHORTER CHAIN&MA W AX OIILM THMITSEHAT P IEAGUT
AND QUALITYOFTHECRYSTALS ANDITMAY HELPINACHIEVING COMF
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