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Introduction 
 

A new trend in polymer additive chemistry is the 
increasing use of polymeric additives. Mainly in the field of 
polymeric antioxidants, stabilizers or polymeric flame 
retardants new polymeric additives are coming up. Polymeric 
additives have the big advantage to make the final product 
blooming free and the additives are available all over the 
polymer. Polymeric additives give nearly no emissions, no 
migration loss and allow higher application temperatures. For 
analysis by gas chromatography, the main focus stays on 
difficulties concerning volatility, separation and detection, 
therefore thermal desorption and pyrolysis as a sample 
introduction system were evaluated for characterization of 
some polymeric additives.  

Thermal desorption (TD-GC-MS) is the sample 
injection system which is able to separate volatiles from a 
solid matrix by heat and sweep them with the carrier gas 
stream towards the GC. The operating temperature is 
approximately 250–300 °C and generally, the molecular 
weight of the analytes ranges from very volatiles to additives 
of about 1000 Da. 

Pyrolysis as an injection technique coupled to classical 
gas chromatography with mass detection (PY-GC-MS) makes 
firstly fragments from the polymer and the polymeric additive 
fraction. Then these fragments are separated by classical gas 
chromatography and easily detectable by mass spectrometry. 
This method can be applied if there is interest into the 
structure of compounds and not primary in the molecular 
weight. According to thermal gravimetric analysis, carbon 
covalent bounds cut from 450 °C. For polymers and additives 
based on ethers and ester functions, there is the option to 
perform reactive pyrolysis. The reagent 
tetramethylammonium hydroxide (TMAH) in methanol is the 
only derivatization reaction which is able to cut ether bounds 
resulting in methyl ethers. The carboxyl groups of polyesters 
results in methyl ester groups. This reaction takes place at a 
temperature of 400 °C. 

Analytical laboratories are sometimes asked to identify 
the presented brominated flame retardant (BFR) which is not 
requested or supported by any law. Therefore this case study 
for explaining some possibilities by thermal desorption and 
reactive pyrolysis – gas chromatography – mass spectrometry. 
 

Material and methods 
 
Sample and first screening 
 

A black housing sample of polybutylene terephthalate 
(PBT) from an electric fan for automotive applications was 
measured by X-ray fluorescence analysis (XRF) for the 
bromine content. This analysis was performed with an Oxford 
Instruments ED 2000 Ag instrument under the conditions for 
measuring of medium elements in air. The tube voltage was 
45 kV and the current to the tube was set at 50 mA with a 
time of measuring of 30 seconds. The sample preparation for 
XRF analysis requires only cutting the samples in a size they 
fit in the XRF module (optimal 22 mm diameter). The 
bromine content gives an indication for the possible BFR 
presence and semi-quantitative concentration value. The 
sample of interest contained more than 1,0 weight % of 
bromine. 

 
Thermal desorption and reactive pyrolysis GC-MS 
method for BFR identification 
 

All experiments were carried out with a thermal 
desorption and pyrolysis unit PY-2020iD (Frontier 
Laboratories Ltd., Japan) with a 48 position auto sampler 
connected to a GC/MS QP2010plus (Shimadzu, Japan). 
A special metal capillary separation column (Ultra ALLOY-
PBDE; 0.25 mm i.d. × 15 m, Frontier Laboratories Ltd., 
Japan) coated with a very thin (0,05 um) film of immobilized-
polydimethylsiloxane is used for separation of the thermal 
desorption products. The ionisation mode was electron impact 
with ionisation at 70 eV. Thermal desorption was done at 
300 °C for 2 minutes and reactive pyrolysis at 400 °C for 
2 minutes. 

 
Sample preparation for TD-GC-MS and reactive 
pyrolysis-GC-MS 

 
Thermal desorption: The sample preparation was done 

by a static extraction of the polymer additives in toluene for 
24 hours at ambient temperature. Toluene as extraction 
solvent was chosen due to the fact that most BFRs are soluble 
in toluene. The extract is spiked (approximately 5 ul) into 
a stainless steel sample cup which is inside covered with a 
thin layer (< 1 um) of fused silica. This sample cup is placed 
into an auto-sampler and during thermal desorption heated in 
the furnace of the pyrolyzer. 

Reactive pyrolysis: The sample preparation was done by 
a static extraction of the polymer additives in toluene for 
24 hours at ambient temperature. The toluene was evaporated 
and TMAH/MeOH reagent was added, after shaking, the 
extract was spiked (approximately 2 ul) into a stainless steel 
sample cup which contains a small disc made of high quality 
glass fibres (Auto-Rx Disc, frontier laboratories, Japan). This 
disc adsorbs the liquid and so avoids ``creeping`` of the 
mobile TMAH/MeOH from the inner of the cup towards the 
outer side1. 
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Results and discussion 
 
Thermal desorption-GC-MS 
 

The sample extract was measured by TD-GC-MS 
(Fig. 1). Three bromine containing peaks were identified. 
2,4,6-tribromophenol (tR at 12,25 min), tetrabromobisphenol 
A (TBBPA, tR at 20,4 min) and an unknown higher molecular 
weight brominated molecule at 21,6 min.  

The mass spectrum of the peak in at 21,6 min is shown 
in Fig. 2. It presents the typical electron impact fragmentation 
ions from a group based on 2,4,6-bromophenol (M/z 62,0 ; M/
z 140,95 ; M/z 233,85 ; M/z 327 as M-1). Intense peaks are 
seen at M/z 312,75 and M/z 356,8 which are the result of 
electron impact fragmentation of a 2,4,6-tribromophenol 
glycidyl ether. Moreover the peaks at M/z 402,85 and M/z 
483,70 confirm this. The peaks at M/z 584,80; M/z 608,60 
and M/z 687,55 are the fragmentation ions of 
tetrabromobisphenol A diglycidyl ether with 2,4,6-
tribromophenol on one side.  

Reactive pyrolysis-GC-MS 
 
The pyrogram after reactive pyrolysis looks cleaner than 

the thermal desorption chromatogram and allows the analyst 
to detect methylether and methylester derivates (Fig. 3). At 
retention time 4,7 min a peak of trimethylglcerol was 
detected, coming from bounded glycerol (glycidyl ether). The 
presence of this glycerol derivate after reactive pyrolysis and 
the missing of free glycerol after thermal desorption, confirms 
the presence of bounded glycidylether in the original 
substance.  

The other brominated substances are identified and 
given according to retention time in Table I. Many of these 
compounds are de-brominated due to the higher operation 
temperature of the pyrolysis process, but the main structures 
of the hydrocarbons stays and can be used for structural 
analysis.  

There has been detected at 18,3 min a peak of 
dibromobisphenolA-4-monomethylether-4`ethyleneglycol-
ether which indicates again the suspected presence of an end 

Retention time 
tR [minutes] 

Identified compound 

4,7 Glycerol trimethylether 
10,0 Di-bromoanisole (from dibromophenol) 
17,0 Monobromobisphenol A dimethylether 
17,7 Dibromobisphenol A dimethylether 
18,3 Dibromobisphenol A 4- monomethylether- 

-4`-ethyleneglycolether 
19.2 Tribromobisphenol A dimethylether 
19,8 Tetrabromobisphenol A dimethylether 

Fig. 2. Electron impact mass spectrum of unknown peak at tR 21,6 
minutes 

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

(x100,000)

356.80

312.75

62.00

74.00

140.95 608.60

233.85 302.75

687.55

207.05

483.70

402.85 681.55584.80528.75 735.50 831.50 926.50

Fig. 1.  TD-GC-MS chromatogram of PBT sample extract 
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Fig. 3. Pyrogram of the sample extract after reactive pyrolysis 

Table I 
Identification of compounds shown in Fig. 3 
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capped brominated epoxy oligomer of tetrabromobisphenol A. 
 
Figures of merit 
 

A real overview of detection limits for chemicals 
measured by reactive pyrolysis-GC-MS cannot precisely been 
given due to variations depending on the complexity of the 
matrix, extraction step and efficiency of the reaction. 
However, a 100 ng spike of tetrabromobisphenol A into the 
cup gives a sufficient sensitivity (S/N >6).  

The use of the Auto-Rx discs by reactive pyrolysis was 
evaluated by relative standard deviation (RSD) measurement; 
3 times a sample extract of the PBT sample was measured by 
reactive pyrolysis. The RSD for reacted tetrabromobisphenol 
A came towards 6,2 %. This result is far better than the 
classical in-cup spiking which gave far worse results (overall 
RSD > 10 %)! The auto-RX discs are innovative due to the 
fact that no internal standard was used to obtain the presented 
data.  
 
Summarizing data 
 

The end capped brominated epoxy oligomer of 
tetrabromobisphenol A and 2,4,6-tribromophenol in plastics 
(PBT) can be determined by the combination of XRF 
(quantitative), thermal desorption-GC-MS and reactive 
pyrolysis (qualitative). For bromine positive samples toluene 
extracts are a clean approach to significantly decrease 
oligomer contamination into the instrumentation and so 
reduce the background signal. In this case firstly thermal 
desorption screening is needed to find the main identity of the 
BFR. In case of suspected presence of polymeric flame 
retardants, reactive pyrolysis can be applied (Fig. 5).   
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Introduction 
 

Acrylonitrile-(butadiene)-styrene (ABS) resins are 
a very important group of engineering thermoplastics for 
automotive. Many engineering applications for the car indoor 
environment like panels, consoles, grilles and housings are 
made of this copolymer. ABS is mostly synthesized by 
grafting styrene-acrylonitrile copolymer (SAN) with 
polybutadiene rubber.  
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Fig. 4. Mass spectrum of one of the peaks detected at 18,3 minutes 
(dibromobisphenol A-4- monomethylether-4`-ethyleneglycolether) 
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Physically, ABS has an improved toughness and 
a significantly better impact and heat resistance than 
polypropylene or polyethylene. Acrylonitrile is responsible 
for the chemical resistance and heat stability while styrene is 
achieving rigidity and processibility. The dispersed softer 
butadiene rubber is fully compatible with the continuous 
phase of the rigid SAN by grafting. 

Beside the production of the macromolecule there are 
always side-reactions and oligomer formations appearing. 
Oligomers are the result of the initial polymer formation and 
are categorized under the so called non-intentionally added 
substances (NIAS) due to the fact their formation cannot be 
avoided1. Due to their low molecular weight and volatility, 
monomers and oligomers can migrate through the polymer 
matrix and create defects like smelling, blooming and 
fogging. Oligomers can appear linear and cyclic (ring-closed) 
and are the fingerprint of the polymer. From the analytical 
point of view, by screening the oligomer structures, batch-to-
batch differences can be detected. Additionally the presence 
of a recycled fraction can be seen by oligomer identification 
in some cases. 

Therefore as an analytical approach in modern 
separation science, a thermal desorbing unit as injector is able 
to deliver quick and reproducible results. Thermal desorption 
uses heat for the extraction of non-covalent bounded volatile 
organic molecules from the polymer matrix. This device is 
mostly coupled to a gas chromatograph for separation of the 
emissions and mass spectrometry is used for the identification 
(TD-GC-MS). Thermal desorption allows analysis of almost 
all sorts of materials including insoluble and complex 
materials. No solvent extraction or other pretreatment is 
needed and small amount of sample is required (approx. 
20 mg).   

The analytes/emissions are trapped in the GC injector on 
an electrically-cooled sorbent trap (Tenax TA). After trapping 
the obtained emissions (concentrating), analytes are transfered 
from the injector towards the analytical column of the gas 
chromatograph by quickly heating of this cooled sorbent trap. 
After chromatographic separation mass spectrometry detects 
the compounds and helps the scientist to identify the 
emissions4,5.  

Typical emissions from automotive parts are firstly the 
oligomers or matrix related compounds and secondarily the 
additives and their degradation products.  
 
Diels-Alder cycloaddition reaction 
 

The production of SAN starts always with the heat 
induced mixing of two monomers, styrene (after 
dehydrogenation of ethylbenzene) and acrylonitrile (mixed 
propylene with ammonia). During the SAN production there 
is formation of a complex series of Diels-Alder adducts. The 
Diels-Alder reaction is a one step [4+2] cyclic addition 
reaction between 4  orbitals (a diene) and 2  orbitals 
(a dienophile). For SAN this reaction is the most probable 
between styrene (as the diene) and acrylonitrile (as the 
dienophile). This probability is not only caused by abundance 
of the acrylonitrile monomer but also due to the polarized 
(more positive) carbon atom next to the alkene bound. This 
electron delocalization effect induced by the nitrile-group 
(arbitrary group) explains the high yield of this combination 

(Fig. 1a).  
Moreover, there is another reason for the high Diels-

Alder coupling between acrylonitrile with styrene explained 
by the 1,3-diene structure from the styrene which is mostly in 
the s-cis conformation. Never there will happen spontaneous 
a Diels-Alder reaction with a 1,3-diene in the s-trans 
conformation due to the spatial distance. This explains also 
the possibility to have a Diels-Alder reaction between 2 
styrene monomers where the ethene-group from styrene acts 
as a dienophile (Fig. 1b).  

The Diels-Alder reaction gives some structural 
possibilities. This question of regioselectivity arises when the 
diene and alkene are un-symmetrically substituted. The 
preference can be understood from the frontier orbital theory 
where for styrene/acrylonitryle and styrene/styrene Diels-
Alder reaction the region of chemical preference is observed 
in the ``para/meta``-like form. Moreover, regarding the 
geometric isomerism, cis and trans isomers are existing. 

The Diels-Alder dimers allow another second addition 
reaction with an available monomer which is able to make 
a stable group of Diels-Alder trimers2,3. During the addition 
reaction the initial benzene structure receives again its` 
aromaticity. After this reaction there are a few enantiomers 
possible due to the fact that the stereospecificity and 
regiochemistry of the addition is respected. This explains that 
in some additions R or S chirality is appearing due to the 
formation of chirality centers (Fig. 2).    
 The second addition reaction result in a group of stable Diels-
Alder trimers which can be categorized in three classes 
(Fig. 3). The most abundant Diels-Alder trimer from (styrene 
+ acrylonitrile + acrylonitrile) is 4-cyano-1,2,3,4-tetrahydro-   
-1-naphthaleneacetonitrile (THAN) with 4 structural 
possibilities (cis-S-THAN, cis-R-THAN, trans-S-THAN and 
trans-R-THAN).  

A less abundant Diels-Alder trimer from (styrene + 
acrylonitrile + acrylonitrile)  is the 4-cyano-1,2,3,4-tetrahydro-1
-naphthalenepropanenitrile (THNP) with 2 structural 
possibilities (cis-THNP and trans-THNP). The THAN and 

Fig. 1. Diels-Alder reaction between styrene and acrylonitrile (1a) 
and between 2 styrene monomers (1b). Both are shown in the 
``para``-like form. The nitrile –and phenyl-group can appear in cis or 
trans 
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THNP are quite common in SAN due to the fact they are the 
result of the Diels-Alder reaction between acrylonitrile and 
styrene.  

Another abundant Diels-Alder trimer based on 3 styrene 
monomer units is the 4-cyano-1,2,3,4-tetrahydro-phenyl-1-     
-naphthalene-ethane (THNE) which has again chiral and cis/
trans conformation possibilities.  
 
Identification of emissions 
 

In order to get introduced with potential emissions from 
ABS/SAN, a sample of ABS was thermally desorbed at 250 °
C for 2 minutes. The evolved emissions were separated by gas 
chromatography and identified by mass spectrometry under 
electron impact ionization (70 eV). The results are shown in 
Fig. 4 and explained in Tab. I.  

Despite the fact that ABS contains a big part of 
polybutadiene, most of the emissions are related to the styrene 
acrylonitrile combinations. Therefore the oligomers are 
already formed during the SAN chemistry process. 

  

Influence on the car indoor environment 
according to VDA 278 
 

In total 5 ABS samples from car interior parts were 
selected for this study. The emissions were quantified and 
evaluated according to the non-metallic emission testing 
procedure of VDA (Verband der Automobilindustrie) number 
278. VDA is the German quality management system for the 
automobile industry which is concerned about the passengers` 
health, comfort and protection. The standard VDA 278 
requires emission testing of non-metal materials intended for 
use in automotive industry and is based on analytical thermal 
desorption by a semi-quantitative method. This test method 
requires dynamic desorption of analytes from the solid phase 
(sample) to a vapour phase (emissions). The VDA 278 is for 

tR [minutes] Identification 
4,5 Free styrene 
10,1-11,1 Styrene dimers (linear combinations: head-

tail, head-head, tail-tail) 
12,2-13,2 (2-Phenylcyclobutyl)benzene with cyclic 

combinations in trans  and cis 
13,8 4-Phenylcyclohexene 
14,2-14,8 THAN (group of 4 isomers) 
14,8-15,4 THNP (group of 2 isomers) 
16,0-16,5 THNE (group of 4 isomers) 
17,0-19,0 Styrene trimers (linear combinations) 
others All other peaks were identified as linear com-

binations of styrene and acrylonitrile 
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Fig. 2. Second addition step to the Diels-Alder dimer with 2 addi-
tion possibilities and creating R or S chirality centers. R, as sub-
stituent, represents the phenyl or nitrile-group. 
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Fig. 3. Overview of the main abundant Diels-Alder trimers from 
SAN/ABS 
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Fig. 4. Thermal desorption GC-MS chromatogram of ABS 

Table I 
Identification of emissions in a sample of ABS 
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many years already a reference for the European automotive 
industry. 

The samples were cut into small pieces and thermally 
desorbed at a temperature of 90 °C for 30 minutes. The 
emission area was compared according to a toluene standard 
and is expressed as a volatile organic carbon value (VOC) or 
toluene equivalent emission in ug g–1. The limit of detection is 
0,2 ug g–1 toluene equivalent. 

The same sample is once more thermally desorbed at 
a temperature of 120 °C for 60 minutes. The emission area 
was compared according to a n-hexadecane standard and is 
expressed as a fogging value (FOG) or n-hexadecane 
equivalent emission in ug g–1. The limit of detection is 0,2 
ug g–1 n-hexadecane equivalent. 

The main emissions from ABS after VOC testing are 
ethylbenzene and styrene. Free styrene will be ever presented 
in VOC tests due to the availability in the polymer and 
volatility. In the VOC fraction no Diels-Alder trimers were 
detected. The limit of detection is 0,2 ug g–1.  

The Diels-Alder trimers are more a concern for the 
fogging results. In each ABS sample they are appearing and 
are responsible for an additional FOG value ranging from 0,5 
till 19,2 ug g–1 n-hexadecane equivalent. Depending on the 
quality and composition of the polymer, the area percent of 
the emissions coming from the Diels-Alder trimers is ranging 
between 40 and 100 area percent from the total emission peak 
area. Fig. 5 compares the total FOG value from the Diels-
Alder trimers (sum of THAN, THNP and THNE) with the 
area percentage of the Diels-Alder trimers relative to the total 
emission area.   
 
Conclusion 
 

Diels-Alder trimers are always presented in SAN/ABS 
as they are created during the SAN production. As ABS is 
used as a car indoor material, the influence of the car indoor 
quality from the SAN Diels-Alder trimers was investigated 
according the principle of the VDA 278 emission analysis. In 
the VOC fraction traces of free styrene or ethylbenzene were 
detected. However in the FOG fraction, the higher amount of 
emissions is related to the presence of stable Diels-Alder 
trimers from the SAN production. Always very abundant 

were seen THAN, THNP and THNE in all measured samples. 
No emissions from the butadiene rubber were detected.  
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Introduction 
 

Among the advanced engineering materials and different 
of applications, metal matrix composites (MMC) are of great 
interest owing to their remarkable mechanical properties, 
including low density, strength etc. The driving force behind 
the development of MMC is the possibility to tailor their 
properties to meet specific requirements, which renders this 
type of material unique in comparison with conventional 
unreinforced materials1. 

In this work mechanical properties and the impact 
resistance of composite materials based on polyamide and 
metal powder fillers were studied. 

  
Experimental 
 

For the preparation of polymer composite materials 
commercially available ferrosilicium powder (Kovohuty, 
Dolný Kubín, Slovak Republic), aluminium powder (ALBO 
SCHLENK, a.s., Czech Republic) and magnesium powder 
filler (Ing. Jozef Vrba – Práškové Kovy, Czech Republic) 
were applied. As a matrix for the preparation of composite 
materials the polyamide (PA 12) Vestamid®, as a modifier 
NBR – Europrene N 3345, (Polimeri, Italy) and 
compatibilizer Joncryl® ADR 4300 S (BASF, Ludwigshafen, 
Germany) were used. 

The particle size distribution of metal powder fillers 
were confirmed by laser analyser Cilas 1064L and pore size 
of metal fillers on the device Porosimeter Series 2000, Fisons 
Instruments, were measured.  

Fig. 5. Test results from FOG measurement of 5 ABS samples 
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The composite materials filled with metal powder fillers 
were prepared by melt mixing in 30 cm3 mixing chamber of 
Plasticorder  Brabender PLE 331  at the temperature 190 °C, 
speed 35 rpm min–1 and time of mixing 8 minutes. The 
modified composite materials were prepared by two – stage 
mixing. In the first stage the batch of metal powder fillers and 
NBR was prepared. In the second stage this batch was 
inserted to the polyamide matrix followed by addition of 
compatibilizer Joncryl. The composite materials with 
different content of powder fillers in the range from 0  to 
30 wt.% were prepared.  
The prepared compounds were moulded in the laboratory 
press Fontijne Holland Model TP 50. The physical-
mechanical properties of prepared composites were performed 
using testing instrument Instron 3365. The impact resistance 
was measured by Charpy notch impact test. The tests were 
performed at room temperature and at 0 °C. 

 
Results and discussion  

 
The study of structural characteristics showed that the 

particle size distribution diameters at 50 % of ferrosilicium 
powder filler was 42,99 μm (Fig. 1), of aluminium powder 
filler 19 μm (Fig. 2) and of magnesium powder filler 
71,72 μm  (Fig. 3). The distribution curve of aluminium 

powder filler has three fraction of filler contrary to aluminium 
and magnesium powder filler. 

The mechanical properties of composite materials as the 
tensile strength, elongation at break and Young’s modulus 
were evaluated. The influence of metal powder fillers content 
on tensile strength of composite materials is shown in Fig. 4. 
With increasing of amount of the metal powder the tensile 
strength decreases. The minimum decrease of tensile strength 
was obtained in composites filled with ferrosilicium filler. 

In the case of elongation at break, which dependence on 
the metal fillers content is showed in Fig. 5, it is clear that 
with increasing of concentration of metal fillers the elongation 
at break slightly decreased in composites with ferrosilicium 
but in the case of the composites filled with aluminium and 
magnesium metal power marked decreasing of elongation at 
break were obtained.  

The dependence of the Young’s modulus on the 
concentration of the metal powder fillers is shown in the 
Fig. 6. The Young’s modulus using aluminium powder is 
increased, but using of magnesium and ferrosilicium powder 
had practically identical character as virgin polyamide. 

In Tab. I the results of mechanical properties and notch 
impact resistance of NBR modified composite materials with Fig. 2. Particle size distribution of aluminium powder filler 

Fig. 1. Particle size distribution of ferrosilicium  powder filler 

Fig. 3. Particle size distribution of magnesium powder filler 

Fig. 4. Influence of metal fillers content on tensile strength of             
composites based on polyamide 
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20 % of metal powder fillers are shown. For some type of 
modified composite on mechanical properties was change. 
The values of notch impact in composite with magnesium and 
ferrosilicium were increased in comparison with virgin 
polyamide. 
 
Conclusion 

 
On the basis of experiments the polymer composite 

materials filled with metal powder fillers it is obvious that 
various different metal fillers incorporated to the polyamide 

matrix have different effect on mechanical properties. It is 
caused by various density of the filler, the shape of the filler 
and its dispergation in the polymer matrix etc. The results of 
NBR modified composite materials showed that the tensile 
strength and elongation at break increased by composites with 
magnesium and aluminium powder in comparison with 
composites without modifiers. On the contrary, the 
mechanical properties of NBR modified composite with 
ferrosilicium decrease compared with unmodified composite 
material filled with ferrosilicium powder. 

On the other hand from results of testing of the notch 
impact resistance of modified composite materials the best 
results were achieved in composite with ferrosilicium metal 
powder filler. 

 
This work was supported by the Slovak Research and 

Development Agency under the contract No. APVV-0062-11 
and by the Scientific Grant Agency of the Ministry of 
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Abstract 
 

Polypropylene (PP) fibres are chemically inert, 
sufficiently thermally stable, extremely strong, and the 
lightest from the textile fibres. In recent years they have 
become more attractive as the reinforcing additives for 
concrete matrices. Some properties, such as tensile strength, 
durability, shrinkage and permeability resistance of the 
concrete matrices, have been greatly improved after the 
concrete matrices were reinforced by PP fibres. However, the 
ordered chemical structure and lack of polar functionalities, as 
well as surface smoothness of PP fibres, result in poor 
adhesion characteristics between fibres and cement matrix. 
Before fibre reaches its best tensile strength, fibres and 
cement matrices have already separated from each other, 
therefore the poor bonding characteristic is a limitation to the 
effective use of PP fibres in high performance concrete 

Fig. 5. Influence of content of metal fillers on elongation at break 
of composites based on polyamide 

Fig. 6. Influence of content of metal fillers on Young’s modulus of             
composites based on polyamide 

value st. dev value st. dev value st. dev value st. dev

Tensile strength 
[MPa]

60,59 2,47 28,53 1,54 38,68 2,92 31,85 4,94

Elongation 
at break [%]

408,34 23,56 264,45 17,08 324,97 21,07 265,30 61,22

Young's modulus 
[MPa]

383,44 35,43 430,10 7,03 574,52 32,76 326,04 8,77

Notch impact 
resistance [kj/m*m]

8,99 0,55 9,68 0,45 5,88 0,42 13,15 1,41

Type of filler 
PA virg. Mg Al FeSi15 C-60

Table I 
Mechanical properties and notch impact resistance of   NBR 
modified composite materials 
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matrices. During recent years modification procedures in 
preparation of new types of PP fibres are used. This leads to 
improvement of interfacial strength between PP fibres and 
cement matrices. Reinforced concrete modified by PP fibres 
is a novel concrete material, and will be more and more 
widely used in modern buildings.  

 
Introduction  

 
Synthetic fibers which are based on fiber-forming 

polymer blends belong to a special fiber group. A variability 
of properties in fibers and their fuctionality can be reached 
using two or more components in the fiber –forming blend1. 

Polypropylene (PP) is one of the most extensively used 
plastics both in developed and developing countries. It 
provides advantages in regard to economy (price), ecological 
(recycling 

behavior) and technical requirements (higher thermal 
stability). 

Today synthetic polymers are combined with various 
fillers in order to improve the mechanical properties and 
obtain the characteristics demanded in actual applications2–4.  

This article deals about influence of inorganic nano filler 
on the mechanical properties of modified polypropylene 
fibres. 

 
Experimental 

 
 Materials used 

 
The isotactic Ziegler-Natta polypropylene TATREN HT 

1810 (PP), Slovnaft Petrochemicals Co., Slovakia, MFI = 
20,9 g/10 min and masterbatch (MB) (inorganic nano filler 
(INF)) and PP were used for the preparation of modified PP 
fibres. 
 
Preparation of modified PP fibres 

 
The undrawn PP/MB fibres were prepared by 

conventional procedure of spinning from mechanical mixture 
using semi-industrial plant Fleissner with the extruder 2×  = 
16 mm. It was equipped with side filling, temperature profile 
of 270 °C and 280 °C at branch  with the take-up speed 
120 m min–1 at the spinning. The prepared undrawn fibres 
were drawn in range of drawing ratios from 2.0 to 4.0.  

 
Method used 

 
Mechanical properties were measured and evaluated 

according to STN EN ISO 139, 2060, 2062 – standard 
methods for evaluation of mechanical parameters. 

 
Results  

 
Mechanical properties of non-modified and modified PP 

fibres for both profiles type are shown in Table I and Table II.  
Fineness of modified fibres is slightly higher in 

consequence of addition of inorganic nano filler (2 % or 4 %) 
in comparison with nonmodified PP fibres. 

Tenacity at the break of nonmodified PP fibres is higher 
with increase of drawing ratio. Tenacity at break of modified 
PP fibres is 20 % or 30 % lower in comparison with non-
modified PP fibres at all drawing ratios. Similar situation 
occurs in case of Young’s modulus. 

Tenacity at break of modified PP fibres with circle 
profile is higher in comparison with modified PP fibres with 
star profile is higher. This is related with probability of 
inperfection in supramolecular structure for star profile.  

These observations relate with lower amount of 
polypropylene in matrix of composite fibres and also with 
amount and influence of particles of nano filler onto 
supramolecular structure of modified PP fibres. 

Elongation at break of nonmodified and modified PP 
fibres markedly decrease with higher drawing ration. 
Differences are lower with increase of drawing ratio. 
Evenness of mechanical properties is comparable. 

For modified PP fibres was proofed influence of content 
of nano filler and degree of uniaxial orientation onto internal 
and surface supramolecular structure of fibres 

Higher content of nano filler in matrix of modified PP 
fibres cause higher probability of creation of cavities that 
surround particles of nano filler.  

 
Conclusion 

 
On the backround of experimentally obtained results it 

can be concluded that: 
– fineness of modified PP fibres is higher in comparison 

with fineness nonmodified PP fibres of due to content of 
nano filler. 

Sample  Td  
[dtex] 

σ  
[cN/dtex] 

ε  
[%] 

E  
[cN/dtex] 

PP 2.0 5.7 2.8 225 17.0 

PP 2.5 5.7 3.5 194 25.4 

PP 3.0 5.8 3.8 152 31.2 

PP 3.5 5.7 4.7 136 34.5 

PP 4.0 5.7 5.0 105 39.3 

2 wt.% INF 2.0 5.8 2.3 325 17.2 

2 wt.% INF 2.5 6 2.9 210 19.4 

2 wt.% INF 3.0 5.9 3.3 192 26.2 

2 wt.% INF 3.5 5.9 3.5 167 29.6 

2 wt.% INF 4.0 5.9 3.9 127 33.9 

4 wt.% INF 2.0 5.8 2.0 283 15.3 

4 wt.% INF 2.5 6.1 2.5 195 18.4 

4 wt.% INF 3.0 6.1 2.9 184 20.0 

4 wt.% INF 3.5 6,0 3.3 156 25.6 

4 wt.% INF 4.0 6.1 3.4 127 30.2 

Table I 
Drawing ratio λ, Fineness (Td), tenacity (σ) and elongation (ε) 
at the break, Young‘s modulus (E) of the non-modified and 
modified PP fibres with circle profile 
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– change of cross-section geometry from circle to star has 
negative influence onto tenacity at break of modified PP 
fibres with star profile.  

– Young’s modulus of the modified PP fibres with star 
profile is slightly higher in comparison with modified PP 
fibres with circle profile.  
Changes in supramolecular structure are caused by 

presence of nano filler in polymer matrix. This inperfection 
can cause better interphase interactions.Modified fibres like 
these are applicable for technical fabric and for improving of 
the other types of materials like concrete for example.  

 
This work was supported by the VMSP-P-0007-09 and 

VEGA 1/0444/09.  
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Abstract 
 

This research paper deals with construction solution of 
an injection mold for specific product in automotive industry. 
Differences in deformations and production time between 
individual versions are rather significant. There are different 
layouts of drilled cooling channels and their influence on 
deformation compared. Analysis results show that it influence 
mainly on manufacturing production and also deformation. 
Eligible usage of these parameters can improve quality – 
lower product deformation. 
 
1. Introduction 

 
Injection molding is the most commonly used 

manufacturing process for the fabrication of plastic parts. It is 
suitable for mass production of consumer articles, since raw 
material can be converted into inject by a single procedure. 
An important advantage of injection molding is that with it we 
can make complex geometries in one production step in an 
automated process. The injection molding technique has to 
meet the ever increasing demand for a high quality product (in 
terms of both consumption properties and geometry) that is 
still economically priced.  

This is feasible only if the molder can adequately control 
the whole molding process, if the configuration of the molded 
part is adapted to the characteristics of the molding polymer 
material and the respective conversion technique. Typical 
injection moldings can be found everywhere in daily life; 
examples include toys, automotive parts, micro parts, 
household articles and consumer electronic goods. For plastic 
injection molding, gate location has a significant effect on 
part quality and can determine if the part can be molded 
successfully. Some of the effects attributable to cooling 
system are: warpage, shrinkage. In addition, as cooling 
system has an effect on the cooling processing history and 
cooling time. 
 
2. Experiment 

 
Attention is focused on the cooling system. Several 

injection molds were designed with different variants of the 
cooling system, which were subsequently analyzed. The aim 
was to design the simplest mold in terms of functionality and 
price and also maintaining acceptable quality. 

Water was chosen for cooling because of its high 
cooling effect. It is cheap and environmentally friendly, 
unlike oil. The channels have a diameter of 10 mm, only 

Sample  Td  
[dtex] 

σ  
[cN/dtex] 

ε  
[%] 

E  
[cN/dtex] 

PP 2.0 5.7 2.9 236 18.5 
PP 2.5 5.7 3.2 178 22.2 
PP 3.0 5.8 3.4 158 26.2 
PP 3.5 5.7 3.9 142 29.0 
PP 4.0 5.7 4.2 140 35.0 
2 wt.% INF 2.0 5.8 2.1 321 17.8 
2 wt.% INF 2.5 6.0 2.5 194 18.4 
2 wt.% INF 3.0 5.9 3.3 169 24.7 
2 wt.% INF 3.5 5.9 3.6 155 32.7 
2 wt.% INF 4.0 5.9 3.9 97 40.3 
4 wt.% INF 2.0 6.1 2.0 224 15.5 
4 wt.% INF 2.5 6.1 2.2 161 18.1 
4 wt.% INF 3.0 6.0 2.4 156 18.9 
4 wt.% INF 3.5 6.1 2.6 118 28.6 
4 wt.% INF 4.0 6.1 3.1 96 32.0 

Table II 
Drawing ratio λ, Fineness (Td), tenacity (σ) and elongation (ε) 
at the break, Young‘s modulus (E) of the non-modified and 
modified PP fibres with star profile  
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cooling system version 3 uses diameter 8mm in the cavity 
because of better intertwine between the shape cavity, ejectors 
and replaceable inserts. 

Cooling system version 1 (Fig. 1) has the simplest shape 
and a large distance between the cooling channels and sprue 
channels. 

Cooling system version 2 (Fig. 2) has a more complex 
shape which partially copies the shape of the product and it 
cools the area around the sprue channels. 

Cooling system version 3 (Fig. 3) has a very difficult 
storied shape that best copies the shape of the product and 
which contains two buffle elements for one cavity for cooling 
further parts of the inserts and cooling channels. Better heat 
distribution is achieved. 

 
3. Results 

 
Analysis of time to reach the ejection temperature is 

very important. It displays the time needed for ejection of the 

product, measured since the beginning of injection  
molding process. 

The longest time for cooling down to the ejection 
temperature is at protrusion because there is quite a thick 
wall. It would be appropriate to modify this part of the 
product so that there was less material and thus also reduce 
the ejection time and material consumption. 

One way to speed up cooling would be to insert another 
baffle element next to protrusion. The cooling system version 

Fig. 1. Cooling system version 1 Fig. 3. Cooling system version 3 

Fig. 2. Cooling system version 2 Fig. 4. Time to reach ejection temperature, cooling system version 1 

Table I 
Time to reach ejection temperature 

Version of cool-
ing system 

Time to eject [s] Difference [%] 

Version1 85.70 100.00 
Version 2 79.66 92.95 
Version 3 77.98 90.99 
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4. Conclusion 
 
The objective of this research is to study the influence of 

cooling system. Filling and deformation analysis of the 
specific real plastic product, which is support frame for light 
module to front headlight of car, was performed.  

Several variants of cooling systems were designed with 
varied shape, complexity and usage baffle elements. They 
were analyzed and compared with each other. Complete 
analysis of filling, including runner and cooling system was 
performed. Analysis revealed differences between the 
designed cooling systems versions. By appropriate usage of 
these proposals a smaller deformation and increased 
productivity of the product can be achieved. 
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Abstract 
 

This paper shows how is changed the mechanical 
properties of rubber products based on changes in the 
technological process of production. It compares two basic 
production methods, such as compression molding and 
injection molding of rubber components. 
 
1. Introduction 

 
In the compression molding process, a sample is 

preweighed and pre-formed so as to fill the mold cavity 
quickly and easily when the mold is closed. The mold is held 
closed with the sample under pressure until sufficient time has 
elapsed for vulcanization. The mold is then opened, the 
sample removed and the mold cleaned and reloaded for the 
next cure. Cavity pressure is maintained by slightly 

3 already has two baffles and adding another baffle would 
raise the pressure loss in cooling medium. Higher number of 
baffles means greater loss of pressure in cooling system. 

The cooling system version 1 takes the longest time to 
reach the ejection temperature. The version 2 cools the 
examined product by nearly 7 % faster than the version 1. The 
version 3 cools the product the fastest, by 2 % faster than 
cooling 2 and up to 9 % faster than cooling 1. 

Fig. 5 shows that the product made using cooling system 
version 3 has the smallest deformation. Overall, the product is 
not too deformed in middle part, but side construction lug is 
twisted to main lengthwise plane of product, scale is 5:1. The 
total deformation is affected by shrinkage, orientation, 
cooling system, and also mentioned the gate position.  

In Table II can be seen difference deformations. These 
deformations are very similar, because each deformation has 
the same design molds that differ only by cooling system. 
Thus, differences between the deformations are only a cooling 
effect on the product. The difference of the influence between 
cooling systems versions 1 and 2 is nearly 1.5 %, which is 
relatively insignificant size and between 2 and 3 is nearly 
4 %. The cooling system version 3 has the most optimal 
cooling temperature field distribution and thus the product 
deforms the least. 

 

Version of 
cooling system 

Deformation 
[mm] 

Difference [%] 

Version1 1.477 98.66 
Version 2 1.497 100.00 
Version 3 1.441 96.26 

Table II 
Total deformation 

Fig. 5. Total deformation for the cooling system version 3 
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overfilling the mold and by forcing the mold components 
together, usually with a hydraulic press. The heat for curing is 
provided by electric heaters. 

Injection molding of vulcanizing rubber compounds 
combines components of simpler forming and molding 
processes into an integrated feed and mold system. The most 
basic component of this process is similar to compression 
molding. In recent years, technology of injection molding has 
led to a very productive manufacturing process. 

The injection molding process consists of an injection 
machine, mold and a rubber compound. Each component 
influences the success of every molding cycle. Batch variation 
of a rubber compound particularly affects the success of each 
molding cycle. Rubber compounds contain many ingredients 
and require a complex mixing and preparation process that 
can cause significant variation from batch to batch. 

Rubber compounds can – like any other – undergo 
a series of tests (tensile properties, structural strength). Test 
samples are used for these tests, their shape and dimensions 
are prescribed by the standards. All materials and products 
covered by these test methods must withstand tensile forces 
for adequate performance in certain applications. These test 
methods cover procedures used to evaluate the tensile 
(tension) properties of vulcanized thermoset rubbers and 
thermoplastic elastomers. 

No studies with this research have, to our best 
knowledge, been published, this area is still unexplored.  

In order to conduct such research, in the first step, the 
injection mold had to be designed (Fig. 2). 

It is a well-known fact that elastomeric mixture consists 
of various ingredients of different quantities; each mixture is 
the original with different flow properties. This rheological 
behavior of each elastomeric compound inside the mold 
during filling and subsequent vulcanization must be known 
beforehand. In the second step, software Cadmould 3D-F was 
used for these analyses and subsequent optimization of the 
processes (Fig. 3). 

 

 
2. Measurement method 

 
This paper deals with the preparation of rubber samples 

to determine their tensile properties and tear strength. Tread 
rubber compound was used as material of samples. 

A standard test sample the shape of dumbbell is used for 
the test of tensile strength. The sample has the norm 
prescribed dimensions and shape, which must be preserved. 

Firstly, test sample was produced both compression 
molding and injection molding. Secondly, the test samples 
were stretched at a standard constant rate 500 mm min–1 using 
the special clamping jaws at each end of the sample in the 
tensile stress machine Tensometer 2000 Alpha Technologies. 
The tensometer can automatically evaluate the measured data, 
such as Tensile stress, stress at given elongation (100 %, 
200 %, 300 %) were evaluated of tensile test. 

 
Fig. 1. Assembly of injection mold 

Fig. 2. Assembly of injection mold; 1 – frame, 2 – upper plate, 3 – 
lower plate, 4 – testing samples 

1 

3 

1 

2 

4 

Fig. 3. Injection molding analysis 
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Fig. 6. Tensile test of test samples made by injection molding 
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Fig. 5. Tensile test of test samples made by compression molding 

3. Results 
 

Fig. 5 shows tensile curves for test samples made by 
compression molding technology. 

Fig. 6 shows tensile curves for test samples made by 
injection molding technology. 

Table I compares the results, specifically the tensile 

stress, tread rubber compound of the processed compression 
molding and injection molding. As shown in Table, injected 
samples have higher values of tensile stress than pressed 
samples. 
 

4. Conclusion 
 
The results indicate, overall, that injected samples have 

better tensile and tear properties than the compressed samples. 
The samples produced by injection molding exhibit improved 
properties, thanks to a more regular arrangement of 
macromolecular chains, which are aligned linear flow during 
the filling of the mold cavity. The other way around, samples 
made by cutting from the pre-compressed plates are 
negatively affected by transverse micro-cracks, which arise 
after cutting knives and just in these micro-cracks under load 
concentrated stress which adversely effects the elongation and 
strength of the sample. In this paper was shown that the 
technological process of manufacturing rubber products 
cannot be selected at random, but must be considered what 
function the product will perform and how the product will be 
loaded. 
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Fig. 4. Dumbbell test sample for determination of tensile stress-
strain properties (ISO 37) 

  Break 
stress 
[MPa] 

Break 
strain 
[%] 

Mod. 
100%   
[MPa] 

Mod. 
200%   
[MPa] 

Mod. 
300%   
[MPa] 

Compression 
molding 

20,54 598,3 2,22 5,30 9,36 

Injection 
molding 

22,67 620,8 2,65 5,97 10,58 

Table I 
Comparison of tensile tests 


