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Tribological Properties of Polymer Nanohybrids
Containing Gold Nanoparticles
Obtained by Laser Ablalion

Oscar Olea-Mejia', Witold Brostow®*, Luis Escobar-Alarcén®, and
Enrique Vigueras-Santiago*

Centro Conjunto de investigacitn sn Ouwimica Sustentable UAEM-UNAM [CGI0S),
Facultad de Oulmica, Universidao Autdnoma de! Estado de Méxice,
Kem. 14.5 de la carretera Toluca-Al San Cayatang 50200, Mexico v |ad
= Laboratory of Advanced Polymess and Gptimized Materials [LAPOM), Department of Materials Sclence and Engingerig.
Universily of Norif: Texas, 3840 North Elm Stroel, Destos, TX 76207, USA
* Departamento de Flsica, fnstituto Nacibnal de lnvestigaciones Kuclesrss,
Apartado postal 18-1027, Mixico OF 11804, Modeo
! Laboratorio de investigacin v Desarrollp de Matoriales Avanzados (LIDMA), Facultad de Ciiimica,
Universidad Auvtonoma del Estado de Méxice, Km 12 da la carreters Toluca-Allscomuics,
San Cayetans 50200, Mexico

We have studied polystyrene (1°8) - Al particles ranohybrids. Appreximatsly spherieal geld
nanoparticles with the eversge diametar of 15 nm were chialned by laser sblation i @ liguic ek
ronment. Thug any chermicsl residue on the tarticles was eliminated. Focused ion beam (FiB) vl Pl
milling piss scanming eiectron microscopy (SEM) observation show that Au particles are fairly well

dispersed inskle the polymier matrix, betier than when PS is almply dissolved i1 a nanopertice saki:
tlor. The Au particies concentration as low as 0,15 wi% results in dramatic changes i, fnibologice

properties, namely dynaimic friction and pin-on-disk wear. Both wear and dynamic friction
are explaingd » istms of high britleness of I°S, ebrasi _
and aiso affects of density of filler particles in the matrix on tibologica! properiies. Effscts of varying

normal lwad on friction are smal,

Keywords: Polymer « Metal Nanohybrids, Polymer Wear, Polymer Fricton,

Polystyrene, Gold Nanoparticles.

1. INTRODUCTION

Folymer based sormposites (PBMs) are vsed i & wide range
of applications—given 2 refative. ease in tajloring their
properties.’ Hven better capabilities of property teilor-
ing seem available in sanccomposites or nenohyibrids,* 2
Imﬂﬁsw@rkwamfm@dmmﬁmda(ﬁay
escape traditionsl classification of materials as either inor-
ganic of onganic) of the polymer + metallic nenosize
filler fype. Hybrids of this kind have been investigated
hefore!!+ 175291 bat 1o our knowledge not for the pur-
pose of modification of friction and wear registance, excep!
:fmommwmkmfmmmm L This while each vear
industry Joses millions of doilers (or ofher cusreacics) due

"uthex’ i wiaom conmepondeacs atould be addeessed.
2780 . Merxat Narotsctont 2012 Wh, 52 e

on of Au particles against & ceramic indentes:

o tribological phenomena such as wear 1€ Y
dus to fricion. Thus, the practical i ;
ogy lies in the pursujt of minimiza
technology in cases where mufual rbbisg @
coniact is involved. +
In our previous work? we have oreated PO
composites to study their tribological Propes
diemonstrated that it is possible to: talleg 80
the friction and wear behavior of our oM™
pared with the meat polymers, We slso bave:
smaller filler particias produce larger changts.
logical properdes,® hencs microfilles




Dlea-deitia et *75 g-feriepg s of i«vm:: Manohybride Costeining Gold Nanopsrticls Obtined by Laser Abiaion

;e imiporant; 8 vacuurm, Finally, nenohybrid specimens were obtained by
legeroffects,  compression molding 2 5.0 kgfen® and 120 °C using
with uniformisy  home-made compression molding machine.

rhicles inside the
erizaltion ﬂ W

the impor- 23, Charae
icies in polymer
‘The goid vasoparticles size snd their size distribution
were studied by transmission electron microscopy (TEM)
with 4 JBOL JEM-2100 model st 200 keV in the bright
field moce, UV-Visible spectroscopy was performed with
a Cary 3000 machine from Varian in the wavelength range
2 From: 300 to 800 nm.
Inn order to observe the uniformity—or okherwiss—aol
wion of mptal tasopart-  dispersion of the metsllic nanoparticles inside the poly-
. we have decided o fol-  meric marix, we have used & combined focused ion beam
rets] manowerticies by ablatng  (FIB) -+ sceuning electron microscopy (SEM) technique
1, epecifically in teiahydro-  developed Sefore for that pupose” The Ga*? jon beam
ol appears to bave sev-  €RSIEY was 30 keV (milling besm) while the electron beam
lox free of chemical — c2RIEY was 10 keV (imaging beam).

i gre in many cases Seli- YA tion ¥ _ ,
dispersed throuphoutthe  bometes (Nenoves tribometer from Microphotonice). The

s-friendly, Furthermens, muchhiww

¢ composites Fairly easily by ¢omparison io oner bk e

by § ne particie suspension—or e the composites ﬂ"?&u e ccie e

16 st pol; amce the particles are located our work on polymer

;z?im@ monemer. We report below tesults of follow- ve his T sbrasion of sieel pins by the
E thie voute ir. prepsretion of pelymer - meiel Ranciiy= ceramic filler;” ereione, T 5%

u;;f pecifically consisting of polystyrese (PS)+ gold i tp silicon nitride pins. The experimental coa-
Bparticles, and the resulting wibological prepemies, We

W that PS is characterized by brittloness B wvalues pomch

Ui !ﬁag oiber enginecrirg polvines —8 facs already

“Wbiichiod whes A was defined® and discussed in subse-

g:m peblications on properties of B ™ ag well a8 3
W on polymer shology ¥

higher ¢
Howeer, we hav

of dapersion of

polymeric evaem
15 evercome
thes inside the
v the route of nibta
e metal 0 5 lioid
e (THIE) 345

% EXPERIMENTAL DETAILS by MeRSTM G 99 suadart:

o (3)-(E)-]
radivs, & = wear rack widih and

iy - ccntration of co
i qm&fi@& of pamsoaTicies B0

Afizs cach experioseat 1o determine the total mass of o pol par
a2

Mrptriclsg obtained. al M .

,?s ¥as solubilized in the nanoparticles sob jom 1Fy
88 tinving; afierwards the solvest was ovapotsted undes
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Wig. & Wear loes ol of the hybeids a8 2 funetion of Au peticlss

doubled, more numerous metal paricles do provide such =
defense. Metal particles on the material surface provide &
certzin amount of prection, the more of them the betier
i such protection. The result is & decrease of wear, ficst 2
dramatic one when we are close to the wear vessus filler
conceniration masimmm,

Analyzivg the wear tacks, we have explained Figure 6
at the same time. Amml@ﬁﬁmmthammufmm
of the materials to mm abyasive mahmons of the

. - in formation proximately
%PMMHMMM%WMM,Mt-
ing in formation of imegularly shaped debris particles; and
protection of the surface against sbrasion by the filler parti-
cles. mm&xﬁm&ﬂmmmmmm

ﬁmemmmwﬁwmas
afﬁmﬁm@i’mﬁmtmlﬁp,,_ '

;-mf- de of s!w toad m mmﬂ, ar sﬁwt seen’ fm Glhcar
matenials before® We alio soe first a dramatic incresse
af friction W’ﬂm the An concentrs LT, passage mﬂh 4
mmmm&mmumﬁmmcﬁm At the
hj;ghm Au nzs | : ‘;.A"ge'ir:A mgm@d, we find
lngm mhmﬂ’s- ?ism'?mlm :‘s.ri..'-'.:ai,.--,- i
¢ similas mtﬁmmha%reMmﬁx lain
mewmd’mgammﬁmﬁ First, we have friction gharﬂ
acieristic for the neat polymes. Addition of a smal} amount
of metal nanoparticles does mot e@mmme gliding of the
indenter o the Mym su:fm
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Fig 7. Dyyemwie friction of the hybrids at twe rorsial i
ton of An compssition

contact; the pin moves now not all the time ww
mer surface but also to some extent moves ‘oo Wm
bump’. with the An particies providing the Dusps:

7. CONCLUDING REMARKS

We successfully obtained spherical goid nar
laser ablation in a liguid environment
of 15 nm. This method aliowed us |
of any chemical residue and well &
solvent nsed. As evidenced by FIB
persion of the particles inside the
respect to our previous work by d
As for the use of metal nand
ering friction and wear of the poly!
depend on the Au particies c0

cases, formation of mas
ix is not & papacea. V
albeit still in the range belo
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