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ABSTRACT

In order to modify and improve the polypropylene properties, it has to be
reinforced enriched with some inorganic materials such as Talc and calcium
carbonate. Enriched reinforced polypropylene compositesincluding Talc and
calcium carbonate, are produced by extruding method in certain mass gravi-
metric range (0-15 mass %). To improve the composition of polypropylene
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and stiffeners mentioned above, the surface of the stiffeners shall be modi-
fied with aconjugated silane agent. | n this study, after preparation of compo-
sitionswith different weight percentages, the effects of stiffenerson polypro-
pylene hardness were investigated. Results of experiments show that in the
same concentration, Talc enhances the hardness of polypropylene more than

calcium carbonate.

INTRODUCTION

Polypropyleneiswiddy usedintemplate materids,
filmsand plates. Efficient plasticity, high resistance
against water, gasoline and other chemicals, low den-
sity and low production costsarethe main reasonsfor
high consumption of polypropylene. But Besidethese
good properties, inlow temperatures, polypropylene
has aweak impact property. To overcomethis disad-
vantage, polypropylene should bereinforced with suit-
ablefillings. Ingenerd, fillersreduce polymer consump-
tion and thus reduce costs of the materials obtained
from polymers. On the other hand, someof fillersin-
crease hardness, softening temperature, tenslestrength
and thermal conductivity coefficient. Usually for im-
provement of polypropylene properties, fillerssuch as
calcium carbonate, Talc, wood fibers, titaniumdioxide,
magnesium hydroxide and glassfibers, etc. are used.
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Besides, processing of filler’s surface canimprovethe
filler and polypropyleneinteraction. Generaly, thefol-
lowing threegroupsare applied as process ng agents.
1) Saturated and unsaturated fatty acidsandtheir de-
rivatives
2) Compoundsthat have activesurfacesuch asactive
cationic agent and ionic and non-ionic active agent
3) Conjugated groupssuch astitanite
Inthisstudy, theeffectsof talcand cal cium carbon-
ateon polypropylene hardness have been investigated.

EXPERIMENTS

Inthisstudy, commercial isotactic polypropylene
(SpanRespol QuimicaS.A Puertallane) Isplen.051 with
thefollowing specificationshas been used:

Molecular weight . 248.297
Molecular weight digtribution : 6.24
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Méetflowindexin230°C  : 54gr/min
Thegpplied Tdcand cd cium carbonatewereof Lu-1445
(Tuzenac, Toulouse, flance) and Lu-147 types. For pro-
cessing of thefiller surface, PC-1A and PC-1B wereusad.
For better processing of the surfaces, per each kilogram
of Tac, wehad to useasol ution of 240cc methanol, 60cc
water and 2cc slane(Thevolumeratio of PC-1A to PC-
1B was31t01). After thisprocess, fillersweredried dur-
ing 24 hoursunder atemperatureof 60°C.

HARDNESSMEASUREMENT

Hardness determination isdone based on DIN50-
1420/65 standard. In thisexperiment thesampleisfirst
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placed on the surface and then aball bearing with a
pressure of 18.5 KPaentersto aportion of the sample
whichhasaminimum distanceof 10mmfromtheedge.
After applying theforcewith time duration of 10to 60
seconds, penetration depth is measured with an accu-
racy of 0.005mm. Thisexperiment was repeated 10
timesfor each sample. Having the penetration depths
for n experiments, standard deviationismeasured ac-
cordingtofollowingformula

h,..—h.
85 = __max 7 min
Inwhichch2isthevariance; hmax isthemaximum pen-
etration depth; hministhe minimum penetration depth

and Z issdected from TABLE 1.

TABLE 1: Valuesof Z vianumber of tests

No of tests 3 4 5 6 7

8 9 10 12 14 16 18 20

y4 169 206 233 253 275

285 297 308 326 341 353 364 373

Averagevalue of theresultsisobtained from the
followingformula
h.

n
i
i=1

n
Inwhich histheaverage penetration depth. Using for-
mulas 1 and 2, the variation range of the penetration
depthiscalcul ated based on thefollowing relation:

h' = h+kAS?

Inwhich h’ isvariation range of the penetration depth.
If thisexperiment isrepeated 10 timesfor each sample
and all measurements are done with an accuracy of
90%, then K and A values will be 1.54 and 1.65 re-
spectively. So accordingto formula3wewill have:

h' = h+ 2/ 5452
Usingrelation 4, hardnesswill be derived from thefol-
lowingformula

1 F

T @D W
Inwhich Fand D are 18.5 KPand 5mm respectively.
Thushardnessiscd culated using thefollowing re aion:

h=

Usingrelations4 and 6 the average va ues of hardness
are calculated for each sample whoseresultsarere-
ported inTABLE 2 andfigures1 & 2.

TABLE 2: Valuesof average amount of polypropylene
hardness

Amplifier Average amount of har dness (N/mm?)
mass per cent Calcium carbonate Talc
0 44.36 44.36
5 51.91 63.31
10 48.30 58.20
15 46.93 60.59
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calcium carbonate
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Figure1: Variation of polypropylene hardness vs. mass
per cent of talc

RESULTS

AsseeninTABLE 2 andfigures1 & 2, thehard-
nessof polypropyleneisincreased significantly by add-
ing stiffenersliketalc and cal cium carbonatewhichis
dueto the formation of new bonds between polypro-
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pyleneandthefillers.

Also, in the same w%, the hardness of filled
polypropylenewithtacismorethan that with calcium
carbonate because theformed bonds between polypro-
pyleneandta c are tronger than those between polypro-
pyleneand calcium carbonate.

Itisobserved that increasein w% of calcium car-
bonate decreases the hardness of polypropylenewhile
increase of talcwelght percentagewill first increasethe
polypropylene hardness s gnificantly and then decreases
that. Generally, themost suitable composition of stiff-
enerssuch astac and cal cium carbonatein polypropy-
lenewnhich resultsin maximum hardnessis5w%.
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Figure 2 : Variation of polypropylene hardness vs. mass
per cent of calcium carbonate

EXPERIMENTAL RELATIONSFOR
HARDNESSCALCULATION

To calcul ate the hardness of polypropylene com-
posed with calcium carbonate and talc, thefollowing
formulaintermsof W% of stiffenersis proposed:

LH,=a)xX+a,+X*+ax+a,
Inwhich a1 isthe equation coefficient; HPPisthe hard-
nessand X istheW% of stiffener. The coefficients of
equation 4 arederived from non-linear fitting of experi-
mentd valuesof hardnessin compositesincluding 0to
15 W% calcium carbonate or talc. These coefficients

aregiveninTABLE 3:

Ampllfler o [ 73 o3 Oy
Talc 0.0008 -0.0201 0.1528 3.792
calcium carbonate 0.0004 -0.0101 0.0727 3.792
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CONCLUSIONS

Inthisstudy, theeffect of stiffenerssuchascalcium
carbonate and talc on hardness of polypropylenewas
investigated. Theresultsindicatethat inthesameweight
percentages, the polypropylene hardnesswithtalcis
more than that with calcium carbonate. Also, in com-
position of polypropylenewith talc and calcium car-
bonate, to achieve the highest possible hardness, the
W% of the gtiffeners should be 5%. In composition of
polypropylenewith calcium carbonate, hardnessisde-
creased with increase of stiffener W% whilefor talc
composition; thelowest hardnessis obtained whenthe
welght percentageof stiffener is10W%. Finally, an ex-
perimental formulawasproposed to cd culatethe hard-
ness of polypropylene composited with talc and cal-
cium carbonate.
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