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paall OF GRUYTER ADVANCES IN MANUFACTURING SCIENCE AND TECHNOLOGY

MECHANICAL PROPERTIESMODIFYING
OF A NON-FLAMMABLE POLYMER MIXTURE

Mariusz Fabijanski, Jacek Garbar ski

Summary

In order to modify the non-flammable HIPS/ Mg(OH)2 mixture, the admixture of a synergic system
consisting of antimonium trioxide and hexacyclobromododecane was introduced. The purpose of the
work was to find whether in such case, that is at the lower amount of the basic mineral flame retardant it
would be possible to improve both mechanical and flame properties. Also the effect of introducing
thermoplastic elastomers as the impact strength modifier is presented in this paper.
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Modyfikacje wlasciwo$ci mechanicznych trudnopalnej mieszaniny plimerowej

Streszczenie

W pracy opisano modyfikowanie wtasciwosci mechanicznych oraz palnych materiatu HIPS/Mg(OH):
(polistyren wysokoudarowy/wodorotlenek magnezu) przez wprowadzenie do ich mieszaniny uktadu
synergicznego — trojtlenku Sb20s i srodka CD-75P (hexacyclobromododecane). Celem byto zmniejszenie
zawarto$ci Mg(OH)2, ktory znaczaco wptywa na pogorszenie wtasciwosci mechanicznych badanego
materialu HIPS/Mg(OH)2 z zachowaniem akceptowalnego poziomu witasciwosci palno-dymowych.
Dodatkowo podczas modyfikowania wtasciwo$ci mechanicznych (gtownie udarnosci) wprowadzono do
materiatu HIPS/Mg(OH)2 niewielkie dodatki elastomeréw termoplastycznych.

Stowa kluczowe: wiasciwosci mechaniczne, wiasciwosci palno-dymowe, mieszanina polimeréw,
polistyren o duzej plastycznosci

1. Introduction

Mineral flame retardants have to be used in latgetties in order to make
polymer materials non-flammable which, in turn, sems all mechanical
properties of the final product [1, 2].

The performance of the mineral flame retardantsged on the endothermal
decomposition which is accompanied by emissionaiewand a metal oxide. The
water turns into steam thus lowering the flame terafure while the metal oxide
forms a thin layer which separates the flame froenmhaterial surface. Both these
phenomena slow down the decomposition process.[2-4]
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As was mentioned above, large amounts of the fil@esponsible for the
deterioration of mechanical properties. That is iy material should undergo
further modification. In the course of the work foemed at The Plastics
Processing Division of The Warsaw University of lieclogy a non-flammable
mixture containing 55% of the filler was obtainéudthe previous papers [5-7] it
was found that an essential modification of the maeacal properties of the
material was necessary, preferably by the admixwirethe thermoplastic
elastomer - SBS (triblock Styrene-Butadiene-Styreapolymer). The results
were not fully satisfying which led to the conclusithat lowering the amount of
the filler at simultaneous admixing a synergic sgsbf halogen compounds plus
replacing SBS by SEBS (Styrene-Ethylene-Butylengedie) elastomer might
help obtain a valuable non-flammable polymer [8-10]

In the paper [5], the results of primary modificati of high impact
polystyrene (HIPS) by the introduction of magnesiwdroxide were presented.
After testing the properties of the material it Wwaand that the improvment of
mechanical strength was neccesary as all mechgmicpérties dropped due to
the ammount of the flame retardant used [2, 5CBhsequently new admixtures
were introduced to the two-component system (HIIBS ldg(OH)) to strenghten
the material [9-12].

2. Materialsused

2.1. Impact polystyrene

Commercial polystyrene Owispol 825 manufacturediaory S.A.,Poland
was used. It is obtained in the continuous procédsulk polymerization from
styrene and butadiene and it is intended for tfeeiion moulding. It can be used
for manufacturing popular household articles, t@ffice items etc. Its feature is
a glossy surface. The melt flow index MFI is 6-A@/min (200°C, 5 kg ), the
Vicat softening point is 89°C (1 kg, 8¥h), the impact strength is 45-55 k3/m
the oxygen index Ol — 18.5%.

2.2. Mineral flameretar dant

Magnesium hydroxide Mg(OHmanufactured by Martinswerk GmbH under
the commercial name Magnifin H5 was used as minéleahe retardant.
It dampens smoke effectively and is thermally stedd the temperature up to
340°C. It does not release any toxic or corrosiveds. If added to plastics which
emit acidic substances during burning, it decreabesr concentration or
neutralizes them. It is also an effective thernabilizer if used together with the
traditional halogen flame retardants.
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2.3. SBSthermoplastic elastomer

In order to improve the impact strength of the HR&OH). mixture, a
triblock SBS (styrene-butadiene-styrene) thermdjgl@éastomer was introduced.
It is the product of Atofina commercially availalale Finaclear 530 . This material
features good mechanical and thermal propertiescamdbe easily injection
moulded or extruded. SBS is used both as a baderisaand as a modifier of
impact strength of other plastics including HIPS.

2.4. SEBSther moplastic elastomer

The next modifier of impact strength used in thisrkvwas also a
thermoplastic elastomer. It is styrene-ethylengdieue-styrene copolymer and it
has a block structure based on the flexible etle/mrtylene block in the middle
with the attached rigid styrene blocks at both eftde same as in the case of
SBS). Such structure forms a two-phase system cieaized by two different
glass transition points: 95°C for polystyrene ab@°€ for poly (ethylene-
butylene). Polystyrene blocks join one another ttreating domains which build
up the so called physical crosslinking. In this vaaginforced, elastic structure is
obtained which is typical of vulcanized rubber arlder crosslinked elastomers.
During heating the material above the glass tramspoint of polystyrene, the
domains soften and allow for flow under pressureisTprocess is, however,
reversible and when the material is quenched, Eherdsslinks build up again.
At very low temperature the material remains fléibntil the glass transition
point of poly(ethylene-butylene) is reached. Thedpict used in this work is
manufactured by TCT.

2.5. Halogen flame retar dant

As an organic flame retardant, hexacyclobromodaukeoca HisBrs was
used. It is manufactured by Great Lakes and detdras CD-75P. It is the only
bromium-based flame retardant which, in spite ®taixic features, is permitted
to use if no other substances can be applied.

This compound contains 74.7% bromium and featuves ghermal stability
(up to 263°C) and low water absorption. Its softgrpoint is 182-192°C.

2.6. Antimony trioxide

In order to improve the effectiveness of the memdt hexacyclo-
bromododecane (CD-75P), it was introduced togetvidr antimony trioxide.
Thus those two compounds (CD-75P) plus antimomxitlie formed a synergic
system. The compound used is the product of Greked and is sold under the
name Timonox Blue Star TMS-HP. It is a white powdérthe particles size
0.3-0.9 um. Its softening point is 655°C.
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3. Madifying the mixture by means
of halogen synergic system

In this part of the work the synergic system ofimnhy trioxide and
hexacyclobromododecane was introduced into the flaommable mixture
prepared previously [4]. The purpose was to chdusther in such case, that is at
lower amount of the mineral filler, it would be pdsde to improve both flame and
mechanical properties.

The following sets of mixtures were prepared:

1. 45% Mg(OH), 30% HIPS, 20% SBS, 2,5%, £k, 2,5% CD-75P

2. 50% Mg(OH), 22,5% HIPS, 22,5% SBS, 2,5%,,6k 2,5% CD-75P

3. 52% Mg(OH), 22% HIPS, 20% SBS, 3%, £k, 3% CD-75P

4. 40% Mg(OHj), 25% HIPS, 25% SBS, 5%, £, 5% CD-75P

As a next step the samples for mechanical and fl@sis were injection
moulded. Table 1 presents the results of testiagrtbchanical parameters. It can
be seen that, in spite of the decreased amoutiteofineral filler, both impact
strength and the other parameters remained aathe Bw level (compare paper
[5]).

In Table 2 the results of flame and smoke testpegsented. The synergic
halogen system was supposed to cause an esserdiahse of the flame
properties. The results showed, however, that dlygen index rose slightly but
remained under the minimum required level 28%. ®leer two parameters
(exposure S and illumination intensity ‘Edropped meaningfully which means
higher smoke emission. For set 4 in Table 2, th&tr the highest content of the
synergic system, the illumination intensity wasyotD,5 Ix even though the
oxygen index was relatively high (yet below 28).

Table 1. Mechanical properties of the non-flammaieture with the admixture
of synergic system

Filler content, % Mechanical properties
Set Hardness | Impact Tensile Young
Mg(OH),| HIPS SBS Sh,0; | CD-75P | HKsz | Strength | Strength | Moduls
MPa KJ/m?2 MPa MPa

1 45,0 30,0 20,0 25 25 69,4 4,3 17,4 3423,0
2 50,0 22,5 22,5 25 25 80,1 4,6 17,0 3973,0
3 52,0 22,0 20,0 3,0 3,0 82,6 3,8 15,9 3703,0
4 40,0 25,0 25,0 5,0 5,0 78,0 4,4 17,4 3250,0

Concluding this series of tests it can be said aipalication of the synergic
halogen system treated as the admixture to the b@seral flame retardant gave

! These two parameters represent smoke emissiop.af@eneasured in a standardized chamber in whickes
passes between a source of light and a photoidsllless smoke, the more light is absorbed by liatopcell.
Consequently, high values of both S and E4 areetksi



Mechanical properties modifying ... 75

no positive results. Neither mechanical nor smok&pgrties were improved.
A higher content of the synergic system might gaggise oxygen index above
the minimum required 28% but the emission of sme&ald probably be so high
that the material would be rejected as dangerous.

Table 2. Flame and smoke properties of the nonrflabiie mixture
with the admixture of synergic system

Filler content, % Flame and smoke parametres
Set Oxygen lllumination

Mg(OH), | HIPS SBS | Sb,0; | CD-75P | Index Exﬁ’)?ss“re intensity

% Lx

1 45,0 30,0 20,0 2,5 2,5 23,0 12570}0 27,3
2 50,0 22,5 22,5 25 2,5 25,7 16409|0 45,9
3 52,0 22,0 20,0 3,0 3,0 26,9 168920 45,1
4 40,0 25,0 25,0 5,0 5,0 26,0 10529,0 10,5

4. M odifying the mixture by means
of thermoplastic sebs elastomer
(styrene- ethylene- butylene- styrene)

In the next part of the work the SBS elastomer wegdaced by a less
flammable one-namely by the SEBS. It is chemic#digiliar with the SBS
previously used. It contains ethylene-butylene grimstead of butadiene. Pure
SEBS emits very litle smoke when burning. llluntioa E4 is 62.8 Ix and
exposure is 20608 Ixs. Oxygen index is, howevav,([0%) which is close to the
one for SBS and which is unsatisfactory.

The purpose of introducing SEBS was the furtherrampment of impact
strength. This material is more flexible than SR ¢éb more flexible segments
in the macromolecule. This is why it was expectedmprove essentially the
impact strength of the mixture.

Four sets of mixtures containing SEBS were prepared

5.55% Mg(OH}, 30% HIPS, 15% SEBS

6.55% Mg(OH}, 40% HIPS, 5% SEBS

7.55% Mg(OH), 31% HIPS, 14% SEBS

8. 55% Mg(OH), 22,5% HIPS, 22,5% SEBS

Next, as it was done previously, mechanical anddlaroperties were tested.
Table 3. presents the mechanical properties.
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Table 3. Mechanical properties of the non-flammabibeture with the admixture of styrene-
ethylene-butylene-styrene (SEBS)

Filler content, % M echanical properties
Hardness | Impact Tensile Young
Set | Mg(OH)2 HIPS SEBS HKss | Strength | Strength Moduls
MPa K J/m? MPa MPa

5 55,0 30,0 15,0 79,60 3,95 11,4 36974
6 55,0 40,0 5,0 68,90 3,87 12,2 37128
7 55,0 31,0 14,0 61,90 4,4 11,1 3488,1
8 55,0 22,5 22,5 66,50 4,5 10,4 34448

With the increased content of SEBS, hardness drbppkit (Table 3 and
Fig. 1) yet remaining at the satisfactory leveleTdther mechanical parameters
were only slightly improved (Fig. 2-4). The SEBSsaexpected to improve the
mechanical properties much more than SBS but theredal results (Table 3) did
not confirm those expectations. Impact strengthaieed at the level of the sole
HIPSMg(OH), mixture without any modifiers [8].

HK [MPa]
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5 6 7 8

Mixture number

Hardness HK, MPa

Fig. 1. Hardness of the mixture modified with SEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS; set
7-55% Mg(OH}, 31% HIPS, 14% SEBS ; set 8-55% Mg(@QH)2,5% HIPS, 22,5% SEBS
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Fig. 2. Impact strength of the mixture modified WBEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS; set
7-55% Mg(OH}, 31% HIPS, 14% SEBS; set 8-55% Mg(QH)2,5% HIPS, 22,5% SEBS
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Fig. 3. Tensile strength for the mixture modifiedh\SEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS; set
7-55% Mg(OH}, 31% HIPS, 14% SEBS; set 8-55% Mg(QH)2,5% HIPS, 22,5% SEBS
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Fig. 4. Young modulus for the mixture modified wBEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS; set
7-55% Mg(OH), 31% HIPS, 14% SEBS; set 8-55% Mg(@QH)2,5% HIPS, 22,5% SEBS

As for the flame properties, all parameters renthiaiethe satisfying level
(Table 4).

Table 4. Flame properties of the non-flammable anximodified with styrene-ethylene-butylene-
styrene (SEBS)

Filler Content, % Flame parameters
Set Ox Illumination
ygen Exposure - .
Mg(OH)2 HIPS SEBS Index, % Ixs |nte|r)1(sty
5 55,0 30,0 15 25,50 20613,0( 62,90
6 55,0 40,0 5 28,50 21405,0( 79,30
7 55,0 31,0 14 28,50 21969,0( 81,50
8 55,0 22,5 22,5 28,50 21749,00 80,00

In comparison to the results obtained in papertf#d,smoke emission was
definitively lower (parameters presented in Fig®)51t is due to the fact that the
SEBS itself emits less smoke than SBS. Oxygen indsgt slightly above 28
except for set 5 where it dropped to as low as @& 7).
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Fig. 5. Exposure S for the mixture modified withESE
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS;
set 7-55% Mg(OH) 31% HIPS, 14% SEBS; set 8-55% Mg(QH)2,5% HIPS, 22,5% SEBS
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Fig. 6. lllumination E4 for the mixture modified thiSEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS; set
7-55% Mg(OH}, 31% HIPS, 14% SEBS; set 8-55% Mg(QH)2,5% HIPS, 22,5% SEBS
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Fig. 7. Oxygen index for the mixture modified wBEBS
set 5-55% Mg(OH) 30% HIPS, 15% SEBS; set 6-55% Mg(QH)0% HIPS, 5% SEBS;
set 7-55% Mg(OH) 31% HIPS, 14% SEBS; set 8-55% Mg(QH)2,5% HIPS, 22,5% SEBS

The obtained results (Tables 3 and 4), show ordlight improvement in
impact strength with the value of oxygen index lesting around the limit of

28%. This led to further attempts to introduce ore additive — the previously
used SBS [10].

The content of the mixture was as follows:
set 9-55% Mg(OH) 23% HIPS, 11% SBS, 11% SEBS

In Tables 5 and 6, respectively, mechanical andhdlgproperties are
presented

Table 5. Mechanical properties for the mixture egmihg both SBS and SEBS

Filler content, % M echanical properties
Set Hardness | Impact Tensile Young
Mg(OH), HIPS SBS SEBS HKs30 Strenght | Strength Moduls
MPa KJ/m? MPa MPa
9 55,0 23,0 11,0 11 62,30 5,0 12,60 3761,00

Table 6. Flame properties for the mixture contajriioth SBS and SEBS

Filler content, % Flame properties
Set Oxygen Illumination
Mg(OH). | HIPS | SBS | SEBS Index EX‘T)‘(’:‘”e intensity
% Ix
9 55,0 23,0 11,0 11 26,50 20352,0 67,40
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The purpose of testing this mixture was to checktivbr the SBS admixture
would improve mechanical properties. Comparisoables 3 and 5 confirms
these expectations. All mechanical parameters ¢Xxeggness increased.

As for the flame parameters (compare Tables 4 aridebsmoke emission
was significantly lower. The oxygen index, howewdngpped to the level 26.5%
which resulted in the rejection of the material.

To sum up the results of these series of testsiitorthwhile to notice that
SEBS did not essentially improve mechanical progedf the mixture in spite of
having higher mechanical strength than SBS.

The smoke emission was reduced, the oxygen indexever, oscillated
close to the value of 28.5% which is hardly acdelpta

In the case of set 9 where two thermoplastic etasts were introduced (SBS
plus SEBS), only impact strength rose slightly whilkygen index dropped to
26.5%.

Finally, it can be concluded that the best resultse obtained in the cases
where only SBS was used as the modifier of impaength.

5. Conclusions

» Application of halogen flame retardant as an adiméxto the basic mineral
flame retardant gave no positive results in anyeeispgNeither mechanical nor
flame properties were improved, thus this patheséarch was abandoned.

» The SEBS elastomer mainly reduced smoke emissiole wxygen index
remained close to the lowest permissible limit.

* Application of both SEBS and SBS elastomers bnoagout little rise of
mechanical parameters while oxygen index dropp& 6%

* The final conclusion of material selection is ththe optimum non-
flammable mixture would consist of three componerdtPS, Mg(OH} and SBS.
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