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ABSTRACT

Theeffect of electron beamirradiation at dose of 5x10°Gy, 5x10°Gy, 1x107
Gy onthetribological propertiesof poly(m-phenyleneisophalamide) (PMIA)
was studied using a block-on-ring friction and wear tester. The chemical
changes of the PMIA were investigated using X-ray Photoelectron Spec-
trometer (XPS) and el ectron spin resonance(ESR). The morphol ogies of worn
surface of steel ring were observed using electron probe microanalysis
(EPMA). Experimental results showed that electron beam irradiation con-
tributed to areduction in thefriction coefficient and wear rateof PMIA. The
friction coefficient and wear rate decreased with increasing the irradiation
dose. EPMA investigations indicated that the smoother surface with more
carbon element distribution on the surface of ring could decrease the fric-
tion coefficient and wear rate of irradiated PMIA. X PSresultsindicated that
the chemical reaction congisting of carbonization occurred during the PMIA
beingirradiated. Thiswasthe reason that the more carbon element enriched
ontheworn surface which the steel ring sliding against irradiated PMIA and
thus greatly reducing the friction and wear of theirradiated PMIA.
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1.INTRODUCTION

With the devel opment of advanced materialsused
in space, further demands on good mechanical and
physica propertiesespecidly anti-radiation properties
have been posed to polymer materids. Haruvy!™ pointed
out that variousradiation sourcessuch asfast e ectrons,
fast protons, ultraviol et ray,y-ray, energetic heavy par-
ticlesetc. exist in the cosmic space. According to ap-
proximate computation of scientists, themaximum dose

of radiation at the surface of amaterial mounted on a
space system is 2500Mrad/yr. Therefore, for good
application of polymer materidsin spacefied, wehold
to carry out systematic research into theeffect of radia-
tion on basic propertiesand tribol ogical properties of
polymer and providetheoretical basisfor the applica
tion of polymer in spacefield would beavery vauable
work.

Theeffect of irradiation on themechanica proper-
ties of polymers and their composites had been re-
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searched by many workersintheworldwiththeir wildly
application'>®, Thetrobologica propertiesof irradiated
polymerssuch aspolytetrafluoroethylene (PTFE), poly-
ethylene (PE), polyamide (PA) also had been studied
by afew workerd”*3. However, the effect of irradia-
tion on thefriction and wear propertiesof polymer is
not very cleared.

Inthiswork, the effects of electron beamirradia-
tion ontribol ogica propertiesof aaromatic polyamide,
poly(m-phenyleneisophaamide) (PMIA), had been
investigated using ablock-on-ring friction and wear
tester. Thechemical change of the PMIA wasinvesti-
gated using X-ray Photoel ectron Spectrometer (XPS)
and electron spinresonance (ESR) . The morpholo-
giesof worn surface of stedl ringwere observed using
electron probemicroanaysis(EPMA).

2.EXPERIMENTAL

PMIA was produced by Oiles Corporation (in Ja-
pan), it wasathermaoplastic polymer. Itschemica struc-
turewasshowninfigure 1. Thepolymer specimensfor
irradiation and friction and wear testswere prepared
by mould pressing during which polymer powder was
heated at arate of 5°Cmin to 330°C, held there for
15min and then cooled to room temperature. Beforeit
beingirradiated, the surface of the PMIA block was
polished with number 900 water-aboras ve paper, cleaned
with cotton dipped in acetone, and dried in air. The
electron beam irradiation was performed on alinear
electron accel erator at the Lanzhou Institute of Mod-
ern Physics, ChineseAcademy of Science. Irradiation
was carried out at ambient temperature and around ni-
trogen gas. PMIA specimenswereirradiated at dose
of 5x10°Gy, 5x10°Gy, 1x10’Gy respectively using
electron beam current ImA. Theirradiationresultedin
change of the PMIA sampleappearance. Withincreas-
ing dose, the sample color was from pale yellow to
yelow, thento yellowish brown, findly to sandy beige
whenthedosewas 1x10°Gy.

Thefriction and wear testswere conducted on a
MM-200 modé friction and wear tester at room tem-
peraturein ambient atmosphere. The contact schematic
diagram of thefrictiona couplewasshowninfigure?2.
Beforeeachtest, theplain carbon sted (AlSI 1045 sted!
ring) and PEK-C block were polished with No. 900
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Figurel: Chemical structureof PMIA

Figure2: Thecontact schematicdiagramfor thefriction
couple(P:Load, 1: Sample, 2:Rotatingring)
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Figure3: Friction coefficient asafunction of didingtime
for unirradiated andirradiated PM 1A didingagaing stedl
ring O# unirradiated PMIA, 1#5x10°Gy doseirradiated
PMIA, 2#5x10°Gy doseirradiated PMIA, 3# 1x10°'Gy
doseirradiated PMIA.(Slidingwasperformed under dry
ambient conditionsat a speed of 0.42m/s, under aload of
49N and over aperiod of 60 min.)

water-abrasive paper. Then the surfaces of the steel
ring and PEK-C block were cleaned by cotton dipped
inacetoneandthendried inair. Inthiswork, threeto
five samplesweretested at each condition, thefriction
coefficient and wear rate were the average val ues of
threereplicatetest results. Siding was performed un-
der dry ambient conditionsat aspeed of 0.42m/s, un-
der aload of 49N and over aperiod of 60 min.

The chemical change of the PMIA was examined
using aPHI-5702 Multi-technique Small Area X-ray
Photoel ectron Spectrometer (XPS). Curvefittingwas
carried out using fitting program PHI PC-Access 6.0.
The el ectron spin resonance spectrawererecorded at
room temperature on an ER200D-SRC spectrometer
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(ESR) . Themorphologiesof worn surfaceof stedl ring
wereobserved using an EMP-810 el ectron probe mi-
croanaysis(EPMA).

3.RESULTSAND DISCUSSION

3.1. Friction and wear properties of irradiated
PMIA

Figure 3 givesthefriction coefficient asafunction
of didingtimefor unirradiated andirradiated PMIA did-
ing against stedl ring. For unirradiated PMIA, firstly,
thefriction coefficient decreaseswithincreasing diding
time, andthenreachesto ardatively stablefriction co-
efficient about 0.50. Theirradiated PMIA showsasimi-
lar friction curveto theunirradiated PMIA. Itisnoted
that initial and stablefriction coefficient of irradiated
PMIA islower than that of being unirradiated. Theva-
uesof initial and stablefriction coefficient all decrease
withincreasngirradiation dose. Thelowest friction co-
efficient about 0.35inthiswork isobtained whileirra-
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Figure4 : Effect of irradiation dose on thewear rate of
PMIA; G#unirradiated PMIA, 1#5x10°Gy doseirradi-
ated PMIA, 2#5x10°Gy doseirradiated PM | A, 3% 1x10'Gy
doseirradiated PMIA.(Slidingwasperformed under dry
ambient conditionsat a speed of 0.42m/s, under aload of
49N and over aperiod of 60 min.)
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Ring against unirradiated
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Figure5: SEM of wor n surface(a,b) of counter part ringand car bon d ement distribution map(c,d)
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diationdoseis 1x10'Gy.

Figure4 showstheeffect of irradiation doseonthe
wear rateof PMIA. It can be seen that thewear rate of
irradiated PMIA decreasewithincreasingirradiation
dosetoo. Especidly, whenirradiation doseis 1x10°Gy,
thewear rate of irradiated PMIA isonly 50% of that of
being unirradiated. It can be seen that wear rate was
accompanied by asharp decrease. Theaboveresults
indicatethat irradiation contributeto areductioninthe
friction coefficient and wear rateof PMIA.

3.2EPMA analyses

FHgure5aand 5b givescanning dectron microgrgphs
of theworn surfaces of steel ring sliding against the
unirradiated PMIA and irradiated PMIA respectively.
Figures5c and 5d givetherelated carbon e ement dis-
tributes ontheworn surface of ring. It can be seenthat
smoother surfaceof ringdidingagaing irradiated PMIA
than that of being unirradiated isobtained. It isneces-
sary to point out that thereis morecarbon e ement dis-
tributes on theworn surface of ring against irradiated
PMIA. It iswell known that the carbon has a good
lubrication. Itisjust the smoother surface with more
carbon element distribution on the surface of ring de-
creasethefriction coefficient and wear rate of irradi-
ated PMIA. Inaword, it isjust thetransfer film that
wasresponsiblefor theimprovedtriblogica properties
of theirradiated PMIA. That is, with the formation of
therdativeuniform and coherent trandfer film, the sub-
sequent diding occurred between the surfaceof their-
radiated PMIA block and the transfer film. Conse-
guently, lowered wear rate and friction coefficient of
PMIA arereached.

3.3XPSand ESR analyses
Inorder toinvestigatethe chemica changesduring
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Figure7: Clsspectraof PMIA

TABLE 1: TheRdativeatomic concentr ation of theunirradia
tedandirradiated PM 1A

Relative atomic concentration %

C N 0o
Unirradiated PMIA % 81.7 8.8 9.5
Irradiated PMIA % 87.9 6.9 5.2

irradiating, theunirradiated and irradiated PMIA are
anayzed by XPSand ESR.

Theresultsabout XPS anaysisof relativeatomic
concentration of theunirradiated and irradiated PMIA
arelistedinTABLE 1.

Asshownin TABLE 1, therdativeatomic concen-
tration of carbon element on the surface of the PMIA
incresses after it beingirradiated, whileoxygenand ni-
trogen e ementsboth decrease. Thisistheevidencethat
thetransfer of carbon element on the surface of steel
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Figure8: N1sspectraof PMIA

TABLE 2 : Curve fitting results from C1s spectra of the
unirradiated andirradiated PM 1A

UnirradiatedIrradiated Functional

PMIA PMIA group*
Binding energy eV 287.6 287.8
Atomic C1
concentration % 106 3
Binding energy eV 285.8 285.9
Atomic C2and C3
concentration % 168 126
Binding energy eV 284.6 2846  C4andlor
Atomic Graphitised
concentration % 26 80.1 carbon

1o 2 2 ¢t s 23
—fco CO—NH NH9—
4 4

ringfor irradiated PMIA ismuch morethan thosefor
unirradiated PMIA, and thusgreatly reducing thefric-
tion and wear of theirradiated PMIA. Thetest results
asoindicatethat the chemical reaction occurred under
theprocessof irradiation. Figure 6 showsthe ESR spec-
traof PMIA afterit beingirradiated. Theresultsof ESR
analyses show that no signa can be detected for
unirradiated PMIA, whileawide ESR signal iscap-
tured for irradiated PMIA. Thisisother evidencethat
thechemica reaction occurred duringirradiating.
Figures 7a and 7b give the Cls spectra of the
unirradiated andirradiated PMIA. Thecurvefittingre-
aultsarelistedin TABLE 2. Functionality correspond-

Au Tudian Yourual



MMAIJ, 1(4) January 2008

N.Tian et al. 153

ingtobinding energy of ClswasdsolisedinTABLE 2.

Asseenfromfigure7 and TABLE 2, theunirradiated
andirradiated PMIA dl givethreebinding energy pesks
of C1s. By comparing theunirradiated and irradiated
PMIA, itisnoticed that the atomic concentration of
carbon eement with thebinding energy around 284.6eV
contribute to C4 or/and graphitized carbon increases
and the binding energy around 285.8eV and 287.6eV
decrease. Therefore, thereason of increase of carbon
element concentration ontheirradiated PMIA might be
caused by the generation of graphitized carbon, that is,
thechemica reaction consisting of carbonizationwhich
occurred onthesurface of thePMIA duringirradiation.

Figures 8a and 8b show the N1s spectra of the
unirradiated and irradiated PMIA. It can be seen that
theN1sspectraof unirradiated PMIA only givesapeak
a abinding energy of 399.8eV. Whilethe N1sspectra
of irradiated PMIA givesastrong peaksat binding en-
ergy of 399.7eV and aweak pesk at binding energy of
401.2eV. Theandys sresultsillugtrate cross-linking may
be occurred owing to formation of N-N bond or other
N bond. Thisismay bethe other reason that electron
beam irradiation decreases the wear rate of PMIA.
Further study istill needed.

3. CONCLUSIONS

From theabove, thefollowing conclusion could be
dravn:

1. Electron beamirradiation contributesto areduc-
tion in the friction coefficient and wear rate of
PMIA. Thefriction coefficient and wear rate de-
creasewithincreasingtheirradiation dose.

2. Thesmoother surface with more carbon e ement
distribution on the surface of ring could decrease
thefriction coefficient and wear rate of irradiated
PMIA. Thereisardatively uniform and coherent
transfer film being formed on thering surface. The
transfer film contributed largely to the decreased
friction coefficient and wear rate of theirradiated
PMIA.

3. Thechemica reaction consisting of carbonization
and cross-linking may beoccurred duringthe PMIA
beingirradiated.
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