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Abstract:Highqualitylasermarkingscanbeeasilyproducedonsurfacesofpoly(butyleneterephthalate)
(PBT)bysimpledispersingstannicoxide(SnO2)inPBTmelt,andfollowedbyalaserirradiationproce-
dureinordertoimprovethelasermarkingperformanceofPBT.ComparedwiththepurePBTsample,the
PBT/SnO2samplesafterthebeam-controlledlaserirradiationshowedhighermarkingcontrastandedgea-
cuity,dependingontheSnO2loadingcontentandlaserpowerintermsofthevisualobservationsandmi-
croscopeanalysis.Inaddition,themarkingqualityandreadabilityofthelasermarkingsfortheindustrial
useasthetwo-dimensionalquickresponse(QR)codesweretestedforthePBT/SnO2materialundervari-
ouslaserpowercondition.ThelaserirradiatedmaterialsurfaceswerecharacterizedbyusingSEM,XRD,

Ramanspectroscopy,TGAandDSC.Theresultsindicatedthattheformationoftheblack-coloredmarks
onsamplesurfaceswasduetothelaserabsorptionattheirradiationwavelengthof1064nmbytheSnO2
particlesandlocalizedheatingofthesurroundingPBTchains,leadingtothegenerationoftheamorphous
blackcarbonizedmaterialswithoutchangingthecrystalstructuresofSnO2.
Keywords:lasermarking;poly(butyleneterephthalate);stannicoxide;contrast;carbonization

PBT/SnO2的激光标记性能及机理研究

曹 峥,陆 颖,章 诚,吴 盾,胡燕超,张钱鹏,刘 钢,史安康,刘春林

(常州大学 材料科学与工程学院,江苏 常州213164)

摘要:为改善聚对苯二甲酸丁二醇酯(PBT)的激光标记效果,通过将二氧化锡(SnO2)分散在PBT熔体中制备

PBT/SnO2 材料,经激光辐照处理,在材料表面产生清晰的激光标记图案。通过肉眼观察和显微分析发现,与纯

PBT相比,PBT/SnO2 材料在激光辐照后具有较高的标记对比度和边缘锐度,取决于SnO2 加入量和激光功率参

数。此外,在不同激光功率条件下考察了PBT/SnO2 材料表面产生的二维码(QR)的标记质量和机器可读性。使

用扫描电镜(SEM)、X射线衍射(XRD)、拉曼光谱、热重分析(TGA)和示差扫描量热仪(DSC)对激光标记表面进行

表征分析。结果表明PBT/SnO2 材料表面激光标记的形成是由于SnO2 颗粒吸收1064nm波长激光的辐射能量,

使颗粒周围PBT分子链局部受热发生热解炭化,从而导致无定型黑色碳类物质的生成,过程中没有发生SnO2 晶

型结构的变化。
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  Inmodernindustry,variousmarkingssuchas
numbers,characters,andsymbolsonproductsare
mostlymadeusingconventionaltechniques,such
asinkmarkingandscreenprinting.Lasermarking
asanattractivetechniquefortherecognition,iden-
tification,anddecorationofproductsmadefrom
thepolymers,ceramicsandmetals,providingval-
uableinformationincludingproductiondates,ex-
pirationdates,companylogosandserialnumbers
onthesematerialsurfaces,isgainingwidespread
interest[1-3].Theexposureofvariousmaterialsto
thelaserbeamcaninducephysicaland/orchemical
changes,leadingtopermanentandhighcontrast
marks,micropatterns[4],andnanostructures[5]on
thematerialsurfacewithoutusingexpensivecon-
sumableink/solventsorpost-curing[6].Inrecent
years,lasermarkinghasbeenwellestablishedin-
dustrial laser application duo to its short
fabricationcycle,highprocessingprecision,flexi-
bility, contact-free treatment, and ecological
friendliness[7].Inaddition,laserinducedmarkings
aredurable,sincetheyarewithin materialsand
haveapenetrationdepthrangingfrommicrometer
tomillimeterorder.Infact,astheuseoflaser
markingtechniquebecomes more widespreadin
numerousindustriesincludingfoodpackage,auto-
motiveindustry,appliances,andelectronics,for
markingspecificplasticpartsandcomponents,

thereisagrowingneedtoobtainadeepunder-
standing of laser interaction with different
materialsandtodevelopthelasermarkingmateri-
als[8].

Concerninglasermarkinginpolymers,poly
(ethyleneterephthalate) (PET),polycarbonate
(PC),andpolystyrene (PSt)canproducethe
black-coloredmarksafterlaserirradiationdueto
theirhighcharresidueandfeatureofeasycarboni-
zationatthehightemperature[9].However,these
marksmadeonsurfacesareusuallyoflowquality
anddonotseemtobesuitableandpromisingfor
the deep black, high contrast, and two-
dimensional machine-readable markingssuchas

datamatrixandquickresponse(QR)codes.Other
polymer materials such as high density
polyethylene (HDPE)andpolypropylene (PP)

withoutaddinglasersensitivepigmentsarenotin-
trinsicallysensitivetothelaserbeamorundergo
hardlychemicalandphysicalchangesafterlaserir-
radiation[10].

Toimprovegreatlythecapabilityofthesepol-
ymersforlasermarking,thepolymercanbemodi-
fiedwiththelasersensitivecomponentsincluding
dyes[11]andpigmentsbyphysicalandchemical
methods.Consequently,thedevelopmentofthe
appropriateadditivesandlasermarkableplasticsis
ongoingresearch.Thelaser-sensitivepigments[12]

suchasmica,bismuthoxide(Bi2O3)andtitanium
dioxide (TiO2)havingabilitytoabsorblaser
energyandtoinducechemical/physicalchangesare
incorporatedwithinthepolymermatrixtoimprove
thelaser-markingperformance,andproducewell-
definedanddamage-freesurfacemarks[13-15].

Polybutyleneterephthalate(PBT),animpor-
tant engineering thermoplastic material, has
playedanimportantroleinautomotive,electronics
appliancesand precisioninstrumentparts.The
laser marking of PBT without adding laser
sensitivepigmentsshouldbeperformedatarela-
tivelyhighlaserpower,andthelasermarkingon
thePBTsurfaceobtainedcannotbesatisfyingbe-
causethelaserinduced carbonization of PBT
cannotbewell-controlled,andthefoamingcanbe
generatedeasily,resultinginapoorlasermarking
qualityincludingdiscontinuouslines,lowcontrast
andsharpnessofthemark.

Inthepresentwork,theSnO2particlesofa-
bout0.25μm werechosentoimprovethelaser
markingperformanceofPBT.TheusedSnO2par-
ticleswithparticlesizelargerthanthereported
valuesof6-8nmcanabsorbmorelaserenergy,lo-
cally heat up and carbonize the surrounding
polymerchainsdramatically,whichareprobably
equivalenttothecore-shellparticlesobtainedby
thecomplicatedmodificationofinorganicpigments
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withpolymersofhighcharresidue.ThePBT/

SnO2materialswerepreparedbydirectdispersing
SnO2inPBT melt,andthenmarkedbyscanning
withacontrolledneodymium-dopedyttriumalumi-
numgarnet(Nd:YAG)pulsedlaserbeamata
wavelengthof1064nminair.Thelaserinduced
markingsofthePBT/SnO2 materialsandtheir
suitabilityfortheindustrialuseasthetwo-dimen-
sional QR codes were studied under various
markingconditions.Thelaserinducedblackening
of the PBT/SnO2 material surfaces was
investigatedbyusingscanningelectronmicroscopy
(SEM),X-rayDiffraction(XRD),Ramanspec-
troscopy,thermogravimetryanalysis(TGA),and
differentialscanningcalorimetry(DSC).

1 ExperimentalSection

1.1 ChemicalsandMaterials

Polybutyleneterephthalate (PBT,1100 A)

withameltflowindexof32.05g/10min(250℃/

2.16kg)wassuppliedbyNantongXingchenSyn-
theticMaterialCo.,Ltd,China.Analyticalgrade
stannicoxide (SnO2)wasobtainedfrom the
Tianjin-Fuchen Chemical Reagent Company,

China.TheaverageparticlesizeoftheSnO2parti-
cleswasdeterminedtobe249±73nm.

1.2 PreparationofPBT/SnO2sheetsamples

  PBTwasdriedinaventilationovenat120℃
for4htoremovewaterpriortouse.TheSnO2par-
ticlesweremixedwithPBTatapresetproportion
inahighspeedmixer.MixturesofPBTandSnO2
wereobtainedbymixingSnO2inPBT meltina
twin-screwextruder(CTE-35,NanjingMachinery
Co.,Ltd,China)withascrewspeedof200r/min,

feeding frequency of 4.0Hz and temperature
profile ranging from 200℃ to 240℃.The
extrudatewascooledinawaterbathatroomtem-
perature,dried,andgranulatedbypelletizer.The
sheetsamplesforlaser marking wereinjection
moldedbyaplasticsinjection molding machine
(CJ150,ZhendePlasticMachineryCo.,Ltd,Chi-

na).AseriesofPBT/SnO2sheetsampleswere
preparedandtheloadingmasscontentsofSnO2
addedtoPBTweresettobe0,1.0%,2.0%,and
3.0%,respectively.Thesheetsamplesobtained
werelabeledwiththecode‘PBT/SnO2-SnO2con-
tent’(i.e.‘PBT/SnO2-2.0%’referstoPBT/SnO2
materialscontaining2.0%SnO2).

1.3 InstrumentalandCharacterization

Laser-markingexperimentsonthesheetsam-
pleswereperformedonabeam-controlled Nd:

YAGlaser-marking machine (KDD-50,Suzhou
KiTelasertechnology,China)atawavelengthof
1064nm.Thefocallengthandspotsizeofthe
laserbeamwere219mmand100μm,respectively.
Thelasersweepspeedwassetas450mm/sandthe
pulserepetitionfrequencywas4.0kHz.Thelaser
beam wascontrolledbythesoftwareinstalledon
thecomputertodesignandcreatevariousmarking
symbols,andtunethelaserparametersincluding
laserpowerandlaserscanningspeed.TheQRcode
markwaslaserprocessedinasquareareawithside
lengthof2cmarea,encodingthewebsiteofChan-
gzhouUniversity(http://www.cczu.edu.cn).The
freeQRcodereaderappinstalledonasmartphone
wasusedtoassessthereadabilityoftheQRcodes
markedonthesamplesatdifferentlaserpowers.

TheXRD patternswerecharacterizedbya
powderdiffractometer(RINT2000,Rigaku)using
CuKαX-rayswithawavelengthof0.154nmasthe
radiationsource.Thesampleswerecharacterizedin
a2θrangefrom5°to70°atascanningrateof
0.02°persecond.

TheRamanspectraofthePBT/SnO2sample
surfacesbeforeandafterlasermarkingwerecol-
lected on a DXR laser Raman spectrometer
(ThermoScienceandTechnologyCompany)with
alaserwavelengthof780nm,alaserpowerof
7mWandaslitwidthof50μm.

Thermogravimetricanalysiswascarriedout
on8mgsamplesusingaNETZSCH-TG209F1
(NETZSCH, Germany)thermogravimeter at
20℃/minfrom30to700℃underoxygenflow.

Thermalanalysiswasperformedonadifferen-
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tialscanningcalorimeter(Pyris8500,PerkinElmer,

UnitedStates)inanitrogenatmosphereandthe
gasflowratewas20mL/min.Themassofsamples
rangingfrom3mgto6mgwereused.Thesamples
werefirstheatedatarateof20℃/minfrom10℃
to260℃,andremainedat260℃for3mintoerase
thermalhistory.Thenthesheetsamples were
cooleddownatarateof20℃/minto10℃,and
subsequentlyheldat10℃for3min.Finally,DSC
thermogramsandthethermalparameterswereob-
tained whenthesamples wereheatedbackto
260℃ atarateof20℃/min,andremainedat
260℃for3min.

Themorphologyandstructuresofthesurfaces
andcross-sectionsofthesamplesbeforeandafter
laser irradiation were observed using a
metalloscope(ECLIPSE-LV150N,Nikon).SEM
micrographsofSnO2 particles,andsurfacesof
sheetsamplesbeforeandafterlasermarkingwere
recorded on a scanning electron microscope
(JEOL,JSM-6360LA)atanaccelerationvoltage
of15kV.Athingoldlayerwasdepositedonthe
samplesurfacebeforeSEMobservation.

2 Resultsanddiscussion

2.1 Analysisofvisualappearanceofmark-
ings

  AseriesofPBT/SnO2sheetsampleswere
preparedbyafacilemethod,whichinvolvedthedi-
rectdispersingdifferentamountsofSnO2intoPBT
melt,andfollowedinjectionmoldingintosheets.
Figure1showsvisualappearanceofmarkingsin-
cludingthelaserpowervaluesemployed,circles,

andsolidcirclesonthesurfacesofPBTandPBT/

SnO2(i.e.1.0%,2.0%and3.0%)sheetsamples
afterlaserirradiationatdifferentlaserpowers.
Onlyslightsurfacechange,vaguecharactersand
numberswereobservedinthegraphofthelaser
markedPBTsampleobtainedatlowlaserpowers
of16.0Wand21.0W (seeFig.1(a)).Withthela-
serpowerincreasingto26.0W and31.0W,the
markings were becoming increasingly visible.
However,lowsharpnessandcontrastofthemark-

ingsmakePBTnotsuitableforcommercialandin-
dustrialapplications.AfterblendingPBTwithdif-
ferentamounts of SnO2 additives,the black
symbolsand characters marked on PBT/SnO2
sheetsamplesappearedinFigure1(b),1(c)and1
(d),ofwhichmarkingqualitydependingonthe
loadingcontentofSnO2 andlaserpowers.The
markingresolutionandcontrastareenhancedwith
theSnO2loadingcontentincreasingfrom1%and
3%.Thisresultindicatedthattheadditionoflaser
sensitiveSnO2particlescanleadtohighcontrast
markingofPBTatlowerpower,whichismoreef-
fectiveandpromisingthanthemethodofonlyin-
creasingthelaserpower.

Fig.1 Visualappearanceofmarkingsonthesurfacesof
sheetsamplesafterlaserirradiation

TheQRcodeasonetypeoftwo-dimensional
barcodehasbeenwidelyusedfortrackingandi-
dentificationofproductsduetoitsfastreadability
andhighstoragecapacitycomparedwiththecon-
ventionalbarcodes.Inordertoexaminethelaser
markingeffectofpurePBTandPBT/SnO2materi-
alsandthesuitabilityofthesemarkingsforthein-
dustrial use, the two-dimensional machine-
readable QR code symbols were marked and
studiedforthePBTandPBT/SnO2-2.0% sheet
samples.FromtheappearanceoftheQRcodeson
thesurfacesofthePBT and PBT/SnO2-2.0%
sheetsamplesinFigure2,itwasfoundthatthe
additionofSnO2andthelaserpowerscontributed
to the marking contrast and quality.Deep
blacknessandhighedgeacuityoftheQRcode
markingsonthePBT/SnO2-2.0% materialsurface
wereobtainedatthelaserpowerof21.0W.At
laserpowerlargerthan21.0W,thereducedmark-
ingcontrastandtheroughsurfaceswereobtained
forthecompositesampleduetothegenerationof
whitespotsonsurfacesaccompanyingthehighde-
greeofcarbonizationofthePBTpolymerchains.
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Thewhitespotsandroughsurfaceswerefrom
foamgenerationduringthedecompositionreaction
athightemperatureandchangesintherefractive
indexofthelaser-markedlayerunderhighlaser
powercondition.NotethatQRcodesinthisexper-
imentwerecreatedtolinktothewebsiteofChang-
zhouUniversity(http://www.cczu.edu.cn).QR
codesymbolsonPBTmarkedat31.0WandPBT/

SnO2-2.0%samplemarkedat16.0W cannotbe
recognizedbythefreeQRcodereaderappinstalled
onasmartphoneduetotheirlowmarkingquality
andcontrast.Onthecontrary,highcontrastQR
codesmarkedonthePBT/SnO2-2.0%sheetsam-
plesat21.0Wand26.0Wcanbequicklyandeasily
readbythesameQRcodereaderapp,andtheweb
browsercanbelaunchedtothedesignatedwebsite
of Changzhou University. Therefore, the
suitabilityofthesemarkingsfortheindustrialuse
asthetwo-dimensionalmachine-readablepatterns
hasbeenconfirmed.

Fig.2 LaserinducedQRcodesonsurfacesofsamples

2.2 Analysisofmetalloscopeimages

A metalloscopewasemployedtocharacterize
thesurfacesandcross-sectionsofthelaser-marked
PBT/SnO2-2.0% and PBT/SnO2-3.0% sheet
samplesatalaserpowerof21.0W.Asshownin
Figure3,thesurfaceofthePBT/SnO2-2.0%sam-
ple is relatively even after the laser-induced
thermalchemicalreactions,andthelaser-marked
area,whichismuchdarkerthanthelight-colored
PBTsubstrate,exhibitshigh markingcontrast.
ThedepthofthemarkonthePBT/SnO2-2.0%
sampleafterlasermarkingwasabout172.83μm.
However,from Figures3(b)and3(d),the
surfaceofthePBT/SnO2-3.0% samplebecame
ratherrough and seemed over-burnt,andthe
wholeblackcarbonizedlayerhasathicknessofa-

bout306.53μm,whichis81.59μmthickerthan
theunmarkedarea.Compared withPBT/SnO2-
2.0%sample,theunevenandover-burntareaon
thePBT/SnO2-3.0%surfacewasduetomorevig-
orousthermal-chemicalreactionscausedbymore
laserenergyabsorptionofmoreSnO2particlesper
unitarea ofthe composites,leading to the
damagedPBTinterfaceandlow markingquality.
Inaddition,themarkingonthePBT/SnO2-3.0%
samplemarkedatalaserpowerof21Wissuscepti-
bletowearandhaspoordurability,whichisnot
suitableforindustrialuse.

Fig.3 Metallographicimagesofsurfaceandcrosssection
samplesafterlaser marking atalaser power
of21.0W

2.3 AnalysisofSEMimages

Compared withoptical microscopy measure-
ments,SEMexaminationcanelucidatethechanges
instructuresandmorphologiesofmuchsmallerar-
eas.Figure4showstheSEMimagesofthecross-
sectionalmorphologiesofPBT andPBT/SnO2-
2.0%samplesbeforeandafterlasertreatment.As
showninFigure4(a)and4(b),theSEMimages
demonstratedanobviousdispersionofSnO2inthe
continuousPBT matrixforthePBT/SnO2-2.0%
samplebeforelasertreatment.Afterthelaser
markingatalaserpowerof21.0W,thePBT/

SnO2-2.0% sampleshowedarelativelyflatand
damage-free surface,indicating the localized
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heatingbylaserminimizingthethermaldeforma-
tion.AlltheresultsforPBTandPBT/SnO2sam-
plesconfirmthattheadditionoflasersensitive
SnO2enableshighcontrastlasermarkinganddam-
age-freesurfacesofPBTafterlaserirradiation.

Fig.4 The SEM images of the cross-sectional
morphologies of PBT and PBT/SnO2-2.0%

samplesbeforeandafterlasertreatment

2.4 AnalysisofXRDpatterns

Tofurtherexplorethemechanismforthecon-
trast of markings,the crystal structure and
thermalpropertiesoflasermarkedPBT/SnO2sur-
facematerialwereinvestigated.ThePBT/SnO2-
2.0%samplewaschosenforfurthercharacteriza-
tion.Figure5showstheX-raypatternsofPBT/

SnO2-2.0% materials before and after laser
markingatlaserpowersof16.0Wand21.0W.As
illustratedinFigure5,severalmainreflectionsof
theunmarkedsamplelocatedat2θ = 15.8°-
25.1°and2θ = 26.5°-27.6°,33.6°,37.8°,

51.7°,64.6°-65.8°arebelongingtothecharac-
teristicfeaturesofPBTandSnO2,respectively.
Comparedwiththeunmarkedsample,thereareno
newpeaksobservedintheX-raypatternsofthela-
ser-marked PBT/SnO2-2.0% samples atlaser
powersof16.0W and 21.0W.Oujjaetal[12]

revealedthatthepigmentvermilionwasdiscolored
duetothechangeofcrystallinephasewhenirradia-
tedusinglaserpulseat1064nm.However,thisre-

sultshowsthatthecrystalformofthemarkedsur-
facematerialhasnotbeenchanged,indicatingthat
thegenerationofblack-coloredmarkisattributed
totheamorphouscarbonizedPBTmaterial.During
theprocessoflasermarking,itcanbealsoconclu-
dedthatthefunctionofSnO2istoabsorblaseren-
ergyandtoheatthesurroundingpolymerchains
whilethecrystalstructureofSnO2remainsun-
changed.

Fig.5 XRD patterns of PBT/SnO2-2.0% material

samplesbeforeandafterlasermarking

2.5 AnalysisofRamanspectra

Ramanspectroscopyisadoptedtoconfirmthe
structureandcompositionoftheamorphouscarbon
materials probably formed during the laser
marking.Itisreportedintheliteraturethata
broaddiffusionbandassignedtothecharacteristic
bandofamorphouscarbonispresentatabout
1580cm-1[16].Ramanspectraoftheunmarkedand
markedPBT/SnO2-2.0% materialsamplesatlaser
powers16.0Wand21.0WaredisplayedinFigure
6.Thecharacteristicbandofamorphouscarbon
wasnotobservedfortheunmarkedsampledueto
thesimplemixingofPBTwithSnO2priortolaser
marking.Onthecontrary,abroaddiffusionband
intherangefrom1000to2000cm-1appearedin
theRamanspectraofthelaser-markedPBT/SnO2-
2.0% materials,whichisassignedtoamorphous
carbon.Inaddition,ahighlaserpowercanleadto
anincreasedintensityoftheamorphouscarbon
band dueto thelaser-enhanced carbonization.
Theseresultsareingoodagreement withthe
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RamandatareportedbyZhongetalinwhichthe
laser marked TPU/Bi2O3 materialsshowedthe
similarbandoftheamorphouscarboninthesame
rangefrom1000to2000cm-1[15].Theintensityof
fourbandsataround1614cm-1,1717cm-1,

1453cm-1,and1278cm-1,whichwerepresentin
thespectrumofunmarkedsample,wasfoundto
decreaseinthespectraoflaser-markedsamples.
Thiscanbeexplainedthatabsorptionoflaserlight
energybySnO2particlesleadstothermaldecom-
position(pyrolysis)ofthePBTchainssurrounding
theoverheated particles.PBT chainsin PBT/

SnO2-2.0% materialpartiallyunderwentpyrolysis
andcarbonization,andthe main characteristic
peaksofPBTchainsstillexistedafterlasermark-
ing.Nevertheless,theintensityofcharacteristic
PBTpeaksgreatlydecreasedduetotheformation
oftheamorphouscarbonizedmaterial.Therefore,

theformationofthedistinctblackmarkingonthe
PBT/SnO2surfaceafterlaserirradiationwasdue
tothelocalcarbonizationviaPBTpyrolysis.

Fig.6 RamanspectraofthePBT/SnO2-2.0% material

samplesbeforeandafterlasermarking

2.6 AnalysisofTGAcurves

Toverifythelaserinducedpyrolysisofthe
PBTchains,theTGAcurves(Figure7)ofthe
PBT/SnO2-2.0% samples were measured in
oxygenbeforeandafterlaser markingatlaser
powersof16.0and21.0W.Table1summarizes
thecharacteristicTGAresultsofthePBT/SnO2-
2.0% materialsamples beforeand afterlaser
marking.TheunmarkedPBT/SnO2-2.0%sample

showedthefivepercentweightloss(t5%)andten
percentweightloss(t10%)atabout321.6℃ and
341.8℃,respectively.However,t5% andt10% of
thePBT/SnO2-2.0% sample markedatalaser
powerof16.0 W werefoundtobe315.8℃ and
336.7℃.Withincreasingthelaserpowerfrom
16.0Wto21.0W,thelaser-markedsampleshad
lowert5%andt10%valuesof309.9℃and331.9℃.
Thet5%andt10%ofunmarkedmaterialswereslight
higherthanthoseofthelaser-marked materials.
Besides,theunmarkedPBT/SnO2-2.0% sample
showedthefirstdegradationpeak (tmax1)atap-
proximately397.3℃,whichishigherthantmax1

valuesof396.6℃and395.2℃ofthelasermarked
samples.Thisresultshowsthatthethermalstabil-
ityofthePBT/SnO2-2.0% materialafterlaser
markingdecreased,whichisattributedtothepy-
rolysisofsurfacePBTchainsinducedbylaserirra-
diation,thusdecreasingboththeonsetandthe
maximumweightlosstemperaturesofthecompos-
ites.Itcanbealsoconcludedthatthehigherlaser
powerleadstomorevigorousthermaldegradation
ofPBTchains.

Table1 CharacteristicTGAdataofthePBT/SnO2-2.0%
materialsamplesbeforeandafterlasermarking

Samples t5%/℃ t10%/℃ tmax1/℃

PBT/SnO2-2.0% 321.6 341.8 397.3

PBT/SnO2-2.0%-16.0 315.8 336.7 396.6

PBT/SnO2-2.0%-21.0 309.9 331.9 395.2

Fig.7 TGA curvesofthe PBT/SnO2-2.0% samples

beforeandafterlasermarking
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2.7 AnalysisofDSCthermograms

DSCthermogramsandthethermalparameters
ofthePBT/SnO2-2.0% materialsamplesbefore
andafterlasermarkingatlaserpowersof16.0W
and21.0WareshowninFigure8andTable2,re-
spectively.InFigure8,theunmarkedPBT/SnO2-
2.0%sampleshowsonesinglemeltingpeakata-
round224.9℃,whichisassignedtothecharacter-
istic feature of PBT crystalline structure.
Comparedwiththeunmarkedsample,thePBT/

SnO2-2.0% materialsamples markedat16.0W
showthedoublemeltingpeaksatapproximately
217.7℃ and224.2℃.Thenew peakatlower
meltingtemperature(tm1)shouldbeattributedto
theformationofcrystalgrainsoflowermolecular
weightPBTproducedduringthepyrolysisinduced
bylasermarking.Thesamedoublemeltingpeaks
werealsofoundinthethermogramsofPBT/SnO2-
2.0%samplelasermarkedat21.0W.Rolandetal.
studiedthethermalmarkingofamorphousPET
filmbyaCO2laser,andthecrystallizationand
meltingofPETwereobservedduringtheheating
processinducedbylaserirradiation,dependingon
theintensityofthelaserradiation[17].Asshownin
Table2,theenthalpyofmelting(ΔHm)oftheun-
marked PBT/SnO2-2.0% material samples is
higherthanthoseofthelasermarkedones.Fur-
thermore,withincreasingthelaserpowerfrom
16.0Wto21.0W,theΔHmofPBT/SnO2-2.0%
materialsamplewasreducedslightlyfrom46to
45J/g.Becausethepolymerchainsexperiencing
degradationinPBT/SnO2materialswasaccounting
forarelativelysmallproportionduringthelaser
marking,sothevariationinthisvalueisnottoo
high.Thisresultillustratesthatthecrystallinityof
thePBT/SnO2-2.0% materialisdecreasedafter
laserirradiation, which is attributed to the
pyrolysis of surface PBT chains,and more
vigorouspyrolysisoccursatthehigherlaserpower.
The DSC results further confirmed the
explanationsregardingthepyrolysisofPBTchains
inducedbylaserirradiationthatwereestablished
by optical microscopy, SEM, Raman

spectroscopy,andTGA.Therefore,amechanism
forthelaser-inducedmarkingofPBT/SnO2 mate-
rialscanbeproposed.TheSnO2particlesdispersed
inthePBTmatrixcanabsorblaserenergyandheat
thesurroundingPBTmatrix,leadingtothelocal
carbonization of polymers, and hence the
generationofblack-coloredmarksonthesurface.

Fig.8 DSCthermogramsofthePBT/SnO2-2.0%samples

beforeandafterlasermarking

Table2  Thermal parameters ofthe PBT/SnO2-2.0%
materialsamplesbeforeandafterlasermarking

Samples tm1/℃ tm2/℃ ΔHm/(J/g)

PBT/SnO2-2.0% - 224.9 57.1

PBT/SnO2-2.0%-16.0 217.7 224.2 46.0

PBT/SnO2-2.0%-21.0 218.2 224.6 45.0

3 Conclusions
Optical microscopy,SEM, XRD, Raman

spectroscopy,TGA,andDSCdemonstratedthat
thehighcontrastmarkingsincludingtwo-dimen-
sional machine-readable codes can be easily
producedonsurfacesofPBT bysimple mixing
withSnO2,andfollowedbyalaserirradiationpro-
cedure.ThelasermarkingofpurePBTrequiresa
highlaserpower,leadingtolowquality marks
withlowedge-sharpnessandhighroughness.PBT
withtheadditionofSnO2asalasersensitivecom-
ponentcanachievehigh-qualitymarksonitssur-
face,ofwhichmarkingcontrastandvisualappear-
ancearedependentontheSnO2loadingamount
and laser power. The high contrast two-
dimensional machine-readable codes can be
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producedonthesurfaceofthePBT/SnO2material
samplesaddedwith2%SnO2andmarkedatalaser
powerof21.0W.Theabsorptionoflaserlighten-
ergybytheSnO2particlesleadstothermaldecom-
position(pyrolysis)ofthePBTchainssurrounding
theoverheatedparticles.Theformationofdistinct
blackmarkingonthePBT/SnO2 materialsurface
afterlaserirradiationwasduetothelocalcarboni-
zationviaPBT pyrolysis withoutchangingthe
crystalstructuresofSnO2.Thefacilepreparation
oflasermarkingPBT/SnO2materialsandtheeasy
markingofhighcontrasttwo-dimensionalmachine-
readablemarksontheirsurfacesarepromisingfor
theidentificationanddecorationpurposeofPBT
products.
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