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Di ver sos ti pos de po li es ti re no mo di fi ca dos fo ram ob ti dos atra vés da po li me ri za ção por en -
xer tia (graft poly me ri za ti on) de es ti re no na pre sen ça dos se guin tes mo di fi ca do res: co po lí me ro
de eti le no-acetato de vi ni la (EVA); po li e ti le no de ba i xa den si da de (PE) e po li bu ta di e no (PB).
Os mo di fi ca do res fo ram uti li za dos em se pa ra do e com bi na dos. Em to dos os ca sos, man te ve-se
a con cen tra ção de mo di fi ca dor fixa em 8% em peso e fo ram ava li a das as pro pri e da des dos pro -
du tos ob ti dos em fun ção da sua com po si ção. A téc ni ca de po li me ri za ção em pre ga da foi a de
mas sa/sus pen são. Os me lho res re sul ta dos fo ram ob ti dos para os sis te mas PS/mo di fi ca do res
mis tos. Os re sul ta dos ob ti dos para es tes sis te mas com pro vam que a co po li me ri za ção por en -
xer tia gera pro du tos com me lho res pro pri e da des de im pac to do que as ob ti das, a par tir de mis -
tu ras me câ ni cas dos com po nen tes in di vi du a is, em sis te mas se me lhan tes.

Se ve ral gra des of mo di fi ed polystyre ne were ob ta i ned through the graft poly me ri za ti on of
styre ne in the pre sen ce of mo di fi ers such as eth yle ne-vinyl ace ta te (EVA), low den sity pol yeth -
yle ne (PE), and poly bu ta di e ne (PB). The se mo di fi ers were used by them sel ves and in com bi na -
ti on. In all ca ses, the mo di fi er con cen tra ti on was kept cons tant at 8% w/w, and the pro duct
pro per ti es were de ter mi ned as a func ti on of com po si ti on. The poly me ri za ti on tech ni que em -
plo yed was that of mass/sus pen si on. The best re sults were ob ta i ned for the PS/mi xed mo di fi ers
systems. The re sults con firm that graft co poly mers pre sent bet ter im pact pro per ti es than tho se
of me cha ni cal blends of si mi lar com po si ti on.

Key words: polystyre ne, graf ting, poly bu ta di e ne, eth yle ne-vinyl ace ta te, pol yeth yle ne

Intro duc ti on
Polystyre ne (PS) is a non-crystalline ther mo plas tic wi -

dely used for many ap pli ca ti ons, and which, des pi te its
good me cha ni cal pro per ti es, high gloss and easy pro ces -
sing, ex hi bits low stress-cracking re sis tan ce and is con si de -
red too brit tle for many ap pli ca ti ons1-2. In or der to im pro ve
polystyre ne tough ness, at tempts were made to mo dify its
im pact cha rac te ris tics. This is usu ally done by in cor po ra -

ting poly bu ta di e ne (PB), which is elas to me ric, as dis per sed 
par ti cles in the brit tle PS ma trix. Rub ber-modified PS is
known as high im pact polystyre ne (HIPS), and can be
made by two met hods: a) me cha ni cal blen ding or b) graft
co poly me ri za ti on of PS in the pre sen ce of the elas to mer.

Pol yo le fins, in ge ne ral, have good stress-cracking re sis -
tan ce, easy pro ces sing, and are toug her than PS. The re fo re, it 
was thought that me cha ni cal blen ding of PS with pol yo le -
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fins would be able to re sol ve the draw backs3 pre sen ted by
PS, i.e., low stress-cracking re sis tan ce and brit tle ness. In do -
ing so, ho we ver, re se ar chers found yet anot her pro blem
which de als with the fact that most of the se blends are not
mis ci ble4 or even com pa ti ble and the re fo re the fi nal pro -
ducts tend to have poor me cha ni cal pro per ti es.

In or der for a gi ven blend to pre sent good pro per ti es, the 
dis per sed pha se must be ho mo ge ne ously dis per sed, sta ble,
and wit hout a ten dency to ag glo me ra te. In ge ne ral, eit her in 
com po si te or blend de ve lop ment, a good in ter fa ce is the
key to en su ring good pro per ti es as stress trans fer and crack
pro pa ga ti on oc cur in that re gi on5. One of the me ans to pro -
mo te a strong in ter fa ce is to add com pa ti bi li zing agents to
the blends or the com po si tes. The se agents are usu ally amp -
ho te ric or amp hip hi lic mo le cu les, i.e. mo le cu les com po sed
of mo i e ti es with af fi ni ti es for both com po nents of the
system be ing analy zed. Among the com pa ti bi li zing agents
em plo yed in the de ve lop ment of PS/PE blends, the most
po pu lar are graft co poly mers of PS/PB or hydro ge na ted
styre ne/bu ta di e ne block co poly mers6-10.

A gre at deal of ef fort has been made to de ve lop com pa -
ti ble blends of im mis ci ble PS/pol yo le fin systems dis pla -
ying good me cha ni cal pro per ti es. In ge ne ral, this is done
through the ad di ti on of com pa ti bi li zers by me cha ni cal
blen ding. Some work has been done on the im pro ve ment of 
me cha ni cal pro per ti es of HIPS/EVA blends through the
use of styre ne/bu ta di e ne/styre ne (SBS) tri-block co poly -
mers. Except for a pa tent11, no re ports were found on the
de ve lop ment of PS/PE or PS/EVA blends by graft co poly -
me ri za ti on.

In this work, PS/pol yo le fin blends ob ta i ned by graft co -
poly me ri za ti on of PS in the pre sen ce of se ve ral im pact mo -
di fi ers, used by them sel ves or in com bi na ti on, were
me cha ni cally and ther mo-mechanically cha rac te ri zed. The 
ma trix mo le cu lar we ight was mo ni to red by size ex clu si on
chro ma to graphy (SEC), and the par ti cle size (vo lu me ave -
ra ge par ti cle di a me ter - Dv and num ber ave ra ge par ti cle di -
a me ter - Dn) of the elas to me ric in clu si on, was de ter mi ned
with a Coul ter coun ter analy zer.

Expe ri men tal
Impact-modifed PS was ob ta i ned in a two-stage (mass/

sus pen si on) styre ne graft co poly me ri za ti on pro cess with a
typi cal HIPS pro ce du re and for mu la ti on. The re ac ti on
com po si ti on em plo yed is shown in Ta ble 1. In the first sta -
ge of the poly me ri za ti on pro cess em plo yed, styre ne was
pre-polymerized (up to 30% con ver si on, mass poly me ri za -
ti on pro cess) in the pre sen ce of mo di fi ers, ini ti a tor (tri go -
nox), cha in trans fer agent (mer cap tan), sta bi li zer (ir ga nox), 
and mi ne ral oil. The re ac ti on took pla ce in a glass re ac tor
un der ni tro gen at mosp he re and cons tant stir ring (200 rpm)
as the tem pe ra tu re was ra i sed and then kept cons tant at 95
°C. In the se cond sta ge (sus pen si on poly me ri za ti on), which 
took pla ce im me di a tely af ter mass poly me ri za ti on, wa ter

and poly(vinyl al co hol) were ad ded to the re ac ti on mix tu re, 
the stir ring spe ed was in cre a sed to 450 rpm, the tem pe ra tu -
re was kept at 91 °C, the re ma i ning ini ti a tors (BPO and per -
ben zo a te) were ad ded, and the re ac ti on was al lo wed to
pro ce ed up to 98% con ver si on. The re ac ti on con tents were
then trans fer red to a sta in less ste el (PARR) re ac tor in or der
to com ple te the poly me ri za ti on, i.e., to con su me the re ma i -
ning ini ti a tor and to poly me ri ze the re si du al styre ne mo no -
mer. This poly me ri za ti on sta ge is cal led the “cu ring sta ge”,
and took pla ce by he a ting the re ac ti on mix tu re for 1 h at 115 
°C, fol lo wed by 1 h at 135 °C. The re sul ting poly mer was
was hed, fil te red, oven-dried at 60 °C, and sto red for cha -
rac te ri za ti on. The pro ce du re em plo yed in this work en su -
res good mi xing, pro per par ti cle size, and dis per si on of the
rub ber pha se. The pro duct ob ta i ned con sists of a con ti nu -
ous PS ma trix in which small do ma ins of the mo di fi er are
em bed ded. It is be li e ved that graf ting oc curs by ter mi na ti -
on (cou pling) of gro wing PS ma cro-radicals with mo di fi er
ma cro-radicals for med by cha in trans fer re ac ti ons1,12, and
that the graft co poly mer con cen tra tes at the in ter fa ce12. In
all re ac ti ons un der in ves ti ga ti on, mo di fi er con tent was kept 
at 8%, as this is the typi cal va lue of the PB con tent for HIPS
pac ka ging ap pli ca ti ons.

Se ven pro ducts with 8% to tal mo di fi er con tent were
stu di ed. The mo di fi ers em plo yed were: a) poly bu ta di e ne
(PB), me di um-cis con tent, pro vi ded by COPERBO; b)
styre ne-butadiene-styrene (SBS) block co poly mer, co ded
TR-2040, pro vi ded by COPERFLEX; c) low-density pol -
yeth yle ne (PE), co ded F-0321, pro vi ded by POLITENO
and d) eth yle ne-vinyl ace ta te co poly mer (EVA) with 19%
vinyl ace ta te con tent, co ded PE-3019, pro vi ded by
POLITENO. The mo di fi er con tents and com bi na ti ons in -
ves ti ga ted in this work were: 8% PB; 8% PE; 8% EVA; 4%
PB + 4% PE; 4% PB + 4% EVA; 4% PB + 2% PE + 2%
SBS, and 4% PB + 2% EVA + 2% SBS.

The pro ducts were cha rac te ri zed by:
a) Izod im pact strength ac cor ding to ASTM D 256-81,

which was per for med on not ched in jec ted test spe ci mens
using a BLI Impact Tes ter from SATEC Systems;
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Ta ble 1. For mu la ti on of the styre ne-grafted im pact mo di fi ers.

Re a gents % we ight

Styre ne 90.00

Mo di fi er 8.00

Pe ro xicy clo he xa ne 0.10

Mer cap tan 0.05

Anti o xi dant 0.05

Mi ne ral oil 1.50

Ben zoyl pe ro xi de 0.20

T-butyl per ben zo a te 0.10



b) Che mi cal stress-cracking, fol lo wing a pro ce du re
adop ted for tes ting pac ka ging ma te ri al, which was per for -
med at 24 °C un der 1871 psi on com pres sed rec tan gu lar
sam ples ha ving no mi nal di men si ons of 150 x 13 x 3 mm,
im mer sed in an oil bath com po sed of a 1:1 mix tu re of soy
bean oil and ole ic acid;

c) Par ti cle size analy sis per for med on a Coul ter coun ter
analy zer, mo del TA I;

d) Melt flow in dex of all pro ducts de ter mi ned on a
TINIUS OLSEN ap pa ra tus ope ra ting ac cor ding to ASTM
D-1231, G con di ti on;

e) Ten si le tes ting per for med ac cor ding to ASTM
D-638/80, on type IV in jec ted sam ples, on an
INSTRON-1131 tes ting ma chi ne ope ra ting at 50 mm/min at
24 °C. The pa ra me ters de ter mi ned were ten si le strength at
yi eld and at bre ak, elon ga ti on at bre ak, and elas tic mo du lus;

f) Mo le cu lar we ight and mo le cu lar we ight dis tri bu ti on
of the PS ma trix de ter mi ned by size ex clu si on cro ma to -
graphy (SEC), ac cor ding to ASTM D-3593, on a VARIAN
LC system ap pa ra tus ope ra ting with TSK co lumns and a
UV/Vis de tec tor at 257 nm, using THF as a sol vent, and a
pum ping rate of 1mL/min at 25 °C; and

g) Dyna mic me cha ni cal analy sis (DMA) per for med on
a DUPONT mo del DMA 982, dyna mic me cha ni cal analy -
zer ope ra ting at a he a ting rate of 5 °C/min from -130 °C to
100 °C, at a 0.2 mm os cil la ting am pli tu de and a 30 Hz fre -
quency.

Re sults and Dis cus si on

Ta ble 2 sum ma ri zes the re sults ob ta i ned for all systems
un der in ves ti ga ti on. With res pect to the va lu es of mo le cu -
lar we ight and mo le cu lar we ight dis tri bu ti on of the
polystyre ne ma tri ces, it is evi dent that, wit hin ex pe ri men tal 
er ror, the na tu re of the mo di fi er did not ca u se re le vant
chan ges in the se pa ra me ters14-15. This is to be ex pec ted,
sin ce all re ac ti ons were car ri ed out un der the same ex pe ri -
men tal con di ti ons of tem pe ra tu re, mo di fi er con tent and ini -
ti a tor con cen tra ti ons, and the only pa ra me ter va ri ed was
the na tu re of the mo di fi er. Graft co poly mers are ob ta i ned
by the poly me ri za ti on of a gi ven mo no mer in the pre sen ce
of a poly me ric subs tra te, and con sist of bran ched struc tu res 
with a back bo ne of one mo no mer to which side cha ins of
anot her mo no mer are at ta ched. It is as su med that cha in
trans fer is res pon si ble for bran ching, the exact me cha nism
still be ing sub ject to dis cus si on, but ge ne rally spe a king, it
is be li e ved that free-radicals are cre a ted onto the poly me ric 
subs tra te by hydro gen abs trac ti on, and that graf ting oc curs
by ter mi na ti on (com bi na ti on) of this ma cro-radical with a
gro wing poly mer cha in1-2, rat her than by re i ni ti a ti on with
the ma cro-radical. A sche ma tic re pre sen ta ti on of this me -
cha nism is gi ven in Sche me 1.

Accor ding to the sche me abo ve, a gro wing poly mer
cha in (Mn•) abs tracts a hydro gen from anot her poly mer
cha in by a cha in trans fer re ac ti on, ge ne ra ting a ma -
cro-radical. A graft co poly mer is pro du ced eit her by ma -
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Ta ble 2. Struc tu re and Pro per ti es of the Mo di fi ed Polystyre nes.

Mo di fi ers P1 P2 P3 P4 P5 P6 P7 P8 * P9 * P10 *

8%
PB

8%
PE

8%
EVA

4%
PB

4%
PB

4%
PB

4%
PB

4%
PB

4%
PB

4%
PE

4%
EVA

2%
PE

2%
EVA

2%
PE

2%
EVA

Pro per ti es 2%
SBS

2%
SBS

2%
SBS

2%
SBS

Izod Impact, J/m 127 21 21 76 97 88 107 28 35 24

Stress crac king, min 612 1098 2429

Dv/Dn, µ 2.65 2.22 1.48 4.83 2.61 3.86 1.86

Dv, µ 3.85 6.74 1.44 10.49 4.68 4.56 2.38

Melt flow in dex, g/10min, G 2.08 9.92 10.33 2.69 3.49 2.13 2.83

Ten si le strength at bre ak, MPa 23.1 27.5 28.9 24.0 24.7 26.9 24.5 45.7

Ten si le strength at yi el ding, MPa 24.6 27.9 31.3 20.0 21.3 23.5 23.1

Elas ti city mo du lus, MPa 2089 2746 3001 1863 2060 1991 1971 2500

Elon ga ti on 37 34 25 30 34 36 35 2.0

Mo le cu lar we ight, Mn 75300 77300 73500 73700 74700 76700 75900

Mo le cu lar we ight, Mw 193200 206300 187800 190400 215700 214100 203600

Poly dis per sity, Pd 2.57 2.67 2.55 2.58 2.89 2.79 2.68

* P8 and P9 re fer to me cha ni cal blends of com po si ti on si mi lar to P6 and P7, res pec ti vely, and P10 to polystyre ne.



cro-radical re i ni ti a ti on (b) or by cou pling (ter mi na ti on)
with anot her gro wing poly mer cha in (a).

Poly mer mo le cu lar we ight is strongly de pen dent on
poly me ri za ti on tem pe ra tu re and ini ti a tor con cen tra ti on,
and ex cept for a cha in trans fer to the poly mer, is re du ced by
all ot her cha in trans fer re ac ti ons. In ge ne ral, a cha in trans -
fer to the poly mer is not ex ten si ve un der mild re ac ti on con -
di ti ons such as the ones em plo yed here, but should not be
ne glec ted for poly me ri za ti ons car ri ed out to com ple te or
high con ver si on2. Con si de ring that all ex pe ri ments were
car ri ed out un der the same ex pe ri men tal con di ti ons, it was
ex pec ted that if chan ges in mo le cu lar we ight as a func ti on
of mo di fi er na tu re were to be de tec ted, the se could be as sig -
ned to cha in trans fer cha rac te ris tics of the mo di fi ers em plo -
yed. Our re sults seem to in di ca te that the ex tent of cha in
trans fer re ac ti ons was es sen ti ally the same for all systems
in ves ti ga ted, as no sig ni fi cant va ri a ti on in polystyre ne mo -
le cu lar we ight was ob ser ved.

As ex pec ted, the melt flow in dex (MFI) of the pro ducts
(Ta ble 2) sho wed mo di fi er ad di ti on strongly af fec ting this
pro perty. This is due to the fact that PE and EVA have
much lo wer vis co si ti es, and the re fo re hig her flow pro per ti -
es, than PB or SBS. As ex pec ted, the ad di ti on of SBS to the
mi xed systems in cre a sed the systems ove rall vis co sity, lo -
we ring the ir MFI.

Ta ble 2 also pre sents the va lu es for the ave ra ge par ti cle
size and par ti cle size dis tri bu ti on ob ta i ned for all systems
in ves ti ga ted. It is evi dent from the vo lu me ave ra ge par ti cle
di a me ter (Dv) va lu es, that the ad di ti on of PE as a mo di fi er
pro du ced the lar gest par ti cles, whi le the ad di ti on of EVA
ge ne ra ted smal ler par ti cles. The par ti cle size dis tri bu ti on
also ten ded to nar row whe ne ver EVA was ad ded to the
system. The va lu es of par ti cle size and par ti cle size dis per -
sity for the mi xed mo di fi er systems (PB/PE and PB/EVA)
were lar ger than what would be ex pec ted by the ave ra ging
of in di vi du al va lu es, in di ca ting a more he te ro ge ne ous
system. The ad di ti on of SBS as a com pa ti bi li zer se e med to
be ef fec ti ve as, in this case, both par ti cle size and par ti cle

size dis per sity no ti ce ably de cre a sed. The par ti cle size and
par ti cle size dis tri bu ti on of the mo di fi er have a strong in flu -
en ce on the fi nal pro per ti es13 of the blends in ves ti ga ted.
Par ti cles which are too lar ge or too he te ro ge ne ous in size
tend to con cen tra te stres ses, lo we ring the im pact re sis tan ce
and ten si le strength of the pro ducts. On the ot her hand, par -
ti cles which are too small, alt hough not strongly af fec ting
the pro ducts’ ten si le strength, lo wer the im pact strength of
the pro duct, as they are una ble to ef fec ti vely dis si pa te ten -
si on du ring cra ze pro pa ga ti on. In ge ne ral, the best im pact
pro per ti es are ob ta i ned with par ti cle si zes in the ran ge of
1-6 µm, the op ti mum par ti cle size be ing de pen dent on each
par ti cu lar system16-18 un der study.

The ten si le pro per ti es of all systems un der study are
pre sen ted in Ta ble 2. As ex pec ted, mo di fi er in cor po ra ti on
lo we red the ten si le strength and mo du lus and in cre a sed the
elon ga ti on at the bre a king of the pro ducts in ves ti ga ted.
This is due to the fact that PS is a hard, brit tle plas tic, whi le
the mo di fi ers em plo yed (PB, PE and EVA) are sof ter and
toug her than PS. The best ten si le pro per ti es were ob ta i ned
for PS/EVA and PS/PE systems, as the se mo di fi ers (EVA
and PE) have hig her ten si le strength and mo du lus than PB,
i.e., are re la ti vely strong and ri gid com pa red to PB. The
com bi na ti on of hig hest ten si le strength and mo du lus was
ob ta i ned for the system PS/EVA, which is at tri bu ted to the
pro per ti es of EVA (hig her ten si le strength and mo du lus,
and lo wer elon ga ti on at bre ak), as well as to the smal ler par -
ti cle di a me ter and in ter par ti cle dis tan ce pre sen ted by this
system12. In ge ne ral, the me cha ni cal pro per ti es of the mi -
xed systems analy zed ex hi bi ted an in ter me di a te be ha vi or
bet we en that of PS/PB and PS/PE or PS/EVA. Among the
com pa ti bi li zed systems, i.e. tho se with SBS, a slightly bet -
ter ten si le strength was ob ta i ned for the qua ter nary
PS/PB/PE/SBS system.

The im pact strength of all systems analy zed (Ta ble 2)
shows that the best pro per ti es were ob ta i ned for the PS/PB
system, and that the PS/PE and PS/EVA systems sho wed
poor im pact pro per ti es. Par ti al re pla ce ment of PB with PE
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or EVA did lo wer the im pact strength of the pro ducts with
res pect to that of PS/PB, but this chan ge was not enough to
pre vent this pro duct from be ing used as a toug he ned PS.
The ad di ti on of SBS as a com pa ti bi li zer, par ti ally re pla cing 
the PE or EVA frac ti ons in the mi xed systems in ves ti ga ted,
alt hough strongly im pro ving the im pact strength of the se
systems, did not ge ne ra te pro ducts with as high an im pact
strength as that ob ta i ned with the PS/PB system. A com pa -
ri son of the im pact pro per ti es of the mi xed com pa ti bi li zed
graf ted systems with a si mi lar system (same com po si ti on)
ob ta i ned by me cha ni cal blen ding18, shows that bet ter im -
pact pro per ti es are ob ta i ned with graf ted systems, as ex pec -
ted. This is ge ne rally at tri bu ted to more ef fi ci ent mi xing
and dis per si on, as well as to the more ade qua te par ti cle size
(smal ler and more ho mo ge nous) ob ta i ned with the lat ter15.

Due to li mi ta ti ons of equip ment time, stress crac king
re sis tan ce tes ting was con duc ted only for the PS/PB and
com pa ti bi li zed systems, i.e. tho se con ta i ning SBS, as the se
ex hi bi ted the best ove rall im pact pro per ti es among the
systems in ves ti ga ted. The re sults pre sen ted in Ta ble 2 cle -

arly show that small ad di ti ons (2%) of PE or EVA can im -
pro ve this pro perty two or four ti mes its ori gi nal va lue, res -
pec ti vely. This is very in te res ting for food pac ka ging
in dus tri es, as su i ta ble tough ma te ri als with much gre a ter
stress-cracking re sis tan ce can thus be ob ta i ned.

Dyna mic me cha ni cal analy ses (DMAs) were con duc -
ted on all systems analy zed. In every case the re were two
pe aks, cle arly in di ca ting the pre sen ce of two pha ses – ma -
trix and mo di fi er. It can be seen that the va lu es of Tg for PS
were not chan ged, whi le tho se of the mo di fi ers were gre -
atly al te red. DMA cur ves for the systems in ves ti ga ted are
shown in Figs. 1-4. In ge ne ral, if the Tg’s are not al te red, it
can be said that the pro duct is im mis ci ble, whi le a sin gle Tg
in di ca tes a com ple tely mis ci ble system. Wide pe aks, in ge -
ne ral, are due to he te ro ge ne i ti es wit hin the system. Obser -
ving Figs. 1-4, it be co mes evi dent that the shar pest peak
and the one with the lo west Tg is that of PB, and that the PE
and EVA pe aks are wi der, which is at tri bu ted to the par ti al
crystal li nity of pol yeth yle ne. Fi gu re 2 il lus tra tes the ef fect
of the ad di ti on of PE and EVA to the PS/PB systems. It is
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Fi gu re 1. Cur ves of E" vs. tem pe ra tu re for PS with 8% PB, 8% PE,
and 8% EVA.

Fi gu re 2. Cur ves of E" vs. tem pe ra tu re for PS with 8% PB, 4% PB +
2% PE, and 4% PB + 2% EVA.

Fi gu re 4. Cur ves of E" vs. tem pe ra tu re for PS with 4% PB + 2% EVA, 
and 4% PB + 2% EVA + 2% SBS.

Fi gu re 3. Cur ves of E" vs. tem pe ra tu re for PS with 4% PB + 2% PE,
and 4% PB + 2% PE + 2% SBS.



evi dent that the mix tu re of mo di fi ers ca u ses bro a de ning of
the PB peak, and that this ef fect is more pro noun ced for the
PB/EVA system. Bro a de ning of the PB peak is at tri bu ted to 
com pa ti bi li za ti on. Fi gu res 3 and 4 show the in flu en ce of
SBS ad di ti on on the mi xed mo di fi er systems. It can be seen
in com pa ring PS/PB/PE and PS/PB/EVA systems with and
wit hout SBS that the lat ter ones ex hi bit a sin gle Tg for the
mo di fi ers, which is ta ken as evi den ce that SBS be ha ves as a 
com pa ti bi li zing agent for the systems in ves ti ga ted, and that 
its com pa ti bi li zing ac ti on is more ef fi ci ent when PB or
EVA are used as im pact mo di fi ers.

Con clu si ons
PE and EVA (8%) are not good im pact mo di fi ers for PS.

Ho we ver, if ad ded in a 1:1 pro por ti on with PB, pro ducts with
ex cel lent che mi cal stress-cracking and ade qua te ove rall im -
pact and ten si le pro per ti es can be ob ta i ned. The se pro per ti es
can be furt her im pro ved if SBS is used as a com pa ti bi li zing
agent, par ti ally subs ti tu ting PE and EVA in the for mu la ti on,
so that the ove rall con tent of the im pact mo di fi er re ma ins
cons tant (8%). The study con firms that in com pa ri son with
me cha ni cal blends, bet ter im pact pro per ti es are ob ta i ned with
graft co poly me ri zed systems. This is at tri bu ted to bet ter mi -
xing, dis per si on, smal ler par ti cle size, and nar ro wer par ti cle
size dis tri bu ti on ob ta i ned by synthe tic rou tes.
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