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10.'I INTRODUCTION

jbi1.

Ke', tngirreering Mat, ]l,r1..

This chapter deals with adhesive and mechanical properties study of nanoconr
ites based on ethylene-acrylic acid copolyner during aluminum bonding.-fhe r
objective-was to dcscribe the charges of copolymer propefiies duriog ilcreasinq
the nanofiller's coucelltlation. Based on executed experiments jt was founci out, t
the propel.ties of tested nanocomposjte svstem \!ere mUsrll improved depcndinq
the contents ofthe nauofillcr in the system. The optimum concentration ofnanolll
Aerosil 130 SLP in the composite was 2.5 wtolo for cohesive mechanical propcfircs
the systel]l atd 3.5 wtolo for adhcsive ones..Themal propeties ofthe composite systr
showed their maximum rvithin conccntratioir of4.5 $,1tlo olnanofiller

wl'cn compared with other types of composites, tr'remroplastics have sorne uLrr ,rri,.

"rge.. They are solventfree and non-toxic (in most cases). l. They arc characterizccl by shoft lime olcrcation ofadhesivc boncl respeern,l

. 'Ihey are applicable at low temperatures.

. Thcy ensures high adhesion to dillercnt natcrial and high iinpact stren-- lr ,I
t\e inir r

. They ensure suitable initial strength ofadhesive joints.

. They have good srorage stabiliry.
They arc proper lbr gluing automation and increasing labor procluctiYity
No undcsirable moisfltre is brought into thc materials it neans that there rs rr,,l
necessary the iong-tem storage ofproducts in conclitioned environrnent.

Nowaclays, adhesives based on EAA (ethylene acrylic acid) copolymers. I Vl
(ethylene-vinyl acctate) qopolymers, themoplastic polymers, polyarnide, polye\trrr,
polyethylcne, and cellulose [1,6] bclong to most often used coflrposites. By adlrrrr,l
ola proper type ofliller, menrioned properties can be even irnproveci. rrr. Ji,, or r,,
contribution is to evaluate the injluencc olnauofiller on the pioperties ofEAA cr,1,,,,.
ly mer.

10.2 EXPERIMENTAL PART

As apolymer, EAA copolymer MICHEM Adhesir,e 20 EAA, with the ratio of 209,, \!i
olacrylic acid and the ratio of80% wt. ofethylene, was used. Characterisrrc propcrt r.t
ofthe product are:

' Appearance: slight turbidit],, alnost transparent polymer,
' Densit]': 1.3 g/cmr,
. Melt flow: 1.8 g/lOuir,
. Content of volatiles: lessthan0.lwt.yo.
Acrosil 'j0 Sl PrDegussr contp.) wts uscd as hller irlo nJnocompo\rLe,y r..,

Aerosil is a flane-pattemed siiica oxide with an ar erage particJe size lion ,10 1,, 
.,ri

ru1 
. 
Fiqure 1 shows thc uricroscopic image of used fi ller. As wc cal] sec, the strucill].

of the filler is spherical rvith a minimal difference in panicles size and non_pororr
solid surf'ace.
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I I l'he detail ofAerosil 130 SLP particles.

0r l)r'cparation of nanocomposite system, EAA copol)mer was used as the base
)l),rner matrix which was blended with the filler in concentrations 0, 0.5, 1, 1.5,

1.i, rrrrd 4.5% wt. To mix the mixture, we used Plastograf Brabender PLE 331

hy silicone oil in fully fllled tank W-50-hr (volume 50 cmr). The temperature at

o I nanocomposite was adjusted to 180"C by a thermostat contailing tempered

nrcdium. Mixing was at 35 rpm-r for 10 min at predetermined temperature.

Itlrr.irrg the propeties of individual components, it was preferable to use a trian-

hlrrrlc.
rrrcasurement ofadhesive characteristics, the aluminum sheet with thickness of
lrrd chemical composition tisted in Table 1 was used.

II I ( hemical composilion ofadherends

lllfl'r'r"ls Al Cu

- i,'n{r,rL (!vt. %) 99.5 0.0025 0.32 0.002 0.0035 0.013 0.12 0.007

siMgFe

ncasure the peeling sfength of adhesive joint, the aiuminum foil AlMgSi 0.5

llticlirross of 0.1 mm were used.

irlc gluing, the surface of adherents was grinded with 120 grit sandpaper and

rerrtches were aligned with 1000 grit sandpaper. Afterwards, the surface was

ol grease ald other dirtiness with a mixfine ofbenzene and toluene (volume

li I ).'lb ensue a constant spacing between bonded adherents and an equal thick-
0l n(lhesive, two distant wires with diameter O 0.15 mm were placed parallel on

iorrr board.
srrrl'ace ol aluminum foil used in the peeling test was only ungreased with a

ol benzene and toluene. To measure cohesive characteristics, it was necessary

tcst blades according to Figure2.
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For preparing the samples lbr testing of adhesive propeflies (Figure 3), thirr
er of hot-melt adhesive was inserted between two cleaned and ungreased alurrir
boards with distant wires $ 0.15 mm. Lap joint was foil-wrapped into teflon foil
the lvhole sample was fixed with aluminum foil and put between press plates
at 180'C. At pressure of 100 kPa during 5 min, lap joint was formed. The speci
for peeling test were made similarly.

FIGURE 3 Lap adhesivejoint.

Key Engineering

FICURE 2 Specinen for iesting oftensile srrength.

To make them, flrst boards from filled and unfilled systems (dimensions ol'7.1
100 x I . I ) were prepared in a shape in hydraulic pr€ss at i 80oC, pressure 250 kPa.
5 min. After cooling ofthem in a mechanical press, test blades were scissored.
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irl, rlroLls of testing included mechanical tests (measurenent of cohesive proper_
.-l. j:': ,,r,,i llltdness). adhesive tests (measurement of shear slrenofh ol rrthe<iwa jni-+...,.,. ii': ,rr,,i lrrldness), adhesive tests (measurement of shear slrength of adhesive joint

,r. ,,i t' I u b)' telsion [2], measurement ol strength of adhesive-joint at peeiing [3],:: E.,'r, rrrL rrrcnt of surface properties, themo gravimetric analysis, and measurcment of
:-i: . i!,: tl,r,rl ,rrpcrties.

,,,1,. ll, r r rr c ru ent of cohesive characteristics included the loading the tesl blade by ten-
r I rl,rr c I) at rate ofseparation ofthejaws 50 mm/min u,ith machine Instron 4301

li,, ,r, 'r l:nlland), rvhen follorving characteristics were evaluated rraximal tensile
q!., ,,i rlr ( Nl l)a). maximal elonuation (o/o), elongation at nrpture (%), tensile strength at
Srltrtir (. (l\41,a), Young module of eLasticity (MPa), yield srrength (Mpa), and elonga_

,rt t rcltl.

\lr,r.rrrcment ofhardness in ShD was done accordjng toASTM D 2122-2. Equip-
irl l) :.;rirlc Durometer PTC 307-L designed ibr plastics and react-plastrcs rv.rs

: 1,, llrcirsufe adhesive characteristics, the test machine Instron 4301 was used fmre
i!lririrlrorl ofthejaws 50 rnn/nin). Followile characteristics were evaluated:

r,. r \lreul strength (MPa)

. : l{cl:rtive elongation (%)
, \irrrrg rnodule of elasriciry (MPa)
, I rcrgy of destruction of adhesive joint (.T)

A I l\'cl tcs! the tested specimen rvas flxed in testing machine Instron 4301. Board
rr,r,, lircd in the lou,jarv and aluminum fojl s,as flxed in thc upper noi,able jaiv.
! ,rl \cl)irration was slori'eq only 10 mm/rlin. The velues evaluated u,erel
. ';LrLlgth olthcjoilrt at maxilral Ioading(MPa)
. Ar t lage peeJ power (N)
r  \ c!1rse tear tension (N/mm)
lll .r(lcs, also thermograplric analysis was done with a tirer.mogravirneter TG-l

,rl rr I irrLrr, USA).

!!, I I )ISCUSSION AND RESULTS

I rlrr re .1 presents dte depeirdence olrlaxinal tcnsile strcrgth (R,.-.) and tensile
. rtlr r :rt hreaking (R,) on the conrent offiller in composite adhesive. From measured

It., l0llrrrv, that rvith increasing colttent ofnanoparticles offiller jn EAA. the maxi-
lirrrilc strength of composite is non-linearly increased. lt catr be assumed, that

{lrrr lillirrg rvill increase the value of maximal tetsile strengtli but only for ceftain
rrtl1rlio[. At tl.ris concentration, EAA composite \yill be saturated rvith Aerosil

ll \l l', rvhat causes itsufficient wetting ofsurlace of filler paiticles and follorvirg
Iuf' ol-max. tensile stuength.
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FICURE ,l Dependence ofma\. tensile strcngth (R",",) and rensile strcnglh ar brsaking ( i t,r^
fic conLcnL ol filler

The dependence ofadhesive shear strel]gth ofjoint on the content offiller is on r|i
Ficure 5. Considcring the high specific surlace ofliuoparlicle Iillcr ( 130 rll: g), rlrL!I:F,,
change ofirvestigated parameter occurs alrcady at lorv concentrations offiller. Incrcrrr, ,t

dispersion of msasured values can be justilied by tlie possible presence of nodr(,rr,,
geneous in the composite system, as well as the dcteriorative r,vetting ofthe alurrrrrrrlr
slrbstratc in ihe gro\\'th offiller co1'ltent. Substdttially is tvorsened the spreading ol rrr.
polymer melt adhesive on the glued surface due to an increase melt viscosil), ofhot Irrll
glue, which deteriorates the surlaca welting.

'16

15

Content o{ {i er (prv.%)

FICURE 5 Dependence ofadhesionjoint shear strength on the iller conlent.

Character ofdependence ofaverage peeling stress is parabolic with fie maxinrrrri
at the content of filier 3.5 wt% (Figure 6). Also in this case, measured values slr,,\\
higher variance, similarly as at measurement of adhesive shear strength ofjoint.
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'lltclrno gravinetric analysis conirmed, that temperaturc of 10% weight loss and

lierltrrre ofsudden weight loss (Figure 7) had after initial decrease increasing ten-

, With the increase offiller particles, the temperature of loss 10olo weight is in-

ng liom 360 to 385"C, which represents a rise up to-8% The.reason is higher

i,rn of heat with Aerosil 130 SLP Temperatures of sudden loss reach lower

1 142 up to 374"C) in comparison with the temperature ofloss 10% weight

1.5 2

cont€n1 oI fill€(Pw.%)

l: 7 The dependence of temperature of 10% weight loss and temperature of sudden

l(,ss on the content ofAerosil 130 SLP.

CONCLUSION

the hase ofrealized experiments it can be concluded, that nanoparticle filler Aero-

3(l St,l' influences individual properties of filled EAA system differently The fill-

positive impact to improve the cohesion and adhesion shength' heat resistance,

rrg tcnsion, and surface properties ofthe system On the other hand, reduces the

lr:c cxtension, factors ofheat and thermal conductivity, and specific volume heat

aTrnrff.rur€ oi lo% weight los5
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ap,aciry The cohesive mechanical parameteN olthe system can be stated as an

Tli,""Xl"i?:1,::ijn_anonner 
Aerosil 130.sr-p 2.s ;t;;;;dh;,j;;;#i l3.5 wt%o. Nanoparticles composite systems showed the high"r, ;;;;;i;*"J#';

concentmtion fiom 3.5 to 4.5 wt%. For practical 
"ppJi.",",on "i nff .a Eia

1"ji:.:{:::i: l' jT:*renecessary d k'"; ; "i;;;#offi :;:;fr :: I

:.:*1?l* and method of stress, anrl accordingty ,.t".t-tt 
" 

opil_ut
nanohller
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