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The nanocomposites with polymeric matrices are being 

considered for a large variety of commercial applications 
because of the wide range of properties which comes from the 
presence of these highly anisometric nanofillers: heat distor-
tion temperature, fire resistance, mechanical properties, per-
meability, biodegradability, etc. Nanocomposites of mont-
morillonite and isotactic polypropylene have been obtained 
and studied because of the industrial importance of this poly-
mer and possible using also in automotive industry. The mate-
rials demonstrate an enhancement of moduli and improve-
ment of the thermal stability. A significant increase in me-
chanical properties and specifically in electric conductivity 
were reported for PP/carbon nanotubes (CNT) nanocompo-
sites at low content levels of the nanotubes.  

Previous investigations reported the preparation of nano-
composites of a new type, containing different amounts of 
montmorillonite (MMT) and of conducting polypyrrole (PPy) 
in a polypropylene (PP) matrix. The new nanocomposites 
turned to possess very good conductivity and thermal stabili-
ty1,2.  

In the present study the Vickers microhardness and the 
creep rate of two types of PP based nanocomposites have 
been determined: PP/MMT/PPy nanocomposites with differ-
ent content of filler and PP/CNT nanocomposites with differ-
ent CNT concentration. The aim was to establish the influence 
of the microstructure of the materials and their composition 
on the microhardness and the creep rate.  

Preparation of PP/MMT/PPy composites. 10 g PP were 
added to 100 ml water containing dodecylbenzenesulfonic 
acid (DBSA, in molar ratio pyrrole/DBSA = 5) for the prepa-
ration of a PP suspension. MMT was added to the suspension 
of PP in a weight ratio of PP/MMT = 20/1. The suspension 
was treated with ultrasound for 10 min for MMT exfoliation. 
Subsequently the oxidant, 2.3 mol FeCl3 per mol pyrrole dis-
solved in water, was added under continuous vigorous stir-
ring. After 15 min 4.8−17 wt.% pyrrole related to the com-
bined amount of PP and MMT were introduced dropwise. The 
oxidative polymerization of pyrrole proceeded for 1 h under 
stirring. After 24 hours at room temperature the product was 
filtered off, washed with distilled water, and dried at 60 °C. 
For comparison PP/PPy devoid of MMT composites with the 
same amount of conductive PPy were prepared by the same 
procedure. PP/MMT composites containing 4.8 wt.% of 
MMT were prepared by mixing the components in a Bra-
bender internal mixer (PLE 330, Brabender, Germany) with 
75 rpm at 190 °C for 10 min. Subsequently the homogenized 

mixture was compression moulded into plates. These compos-
ites are named PP/PPyX_B and PP/MMT/PPyX_B, respec-
tively, where X indicates the amount of pyrrole in weight % 
related to PP or PP and MMT, respectively. 

Preparation of PP/CNT nanocomposites. For the prepa-
ration of PP/CNT nanocomposites the masterbatch MB3020-
01 consisting of PP Hyperion, MFI = 11.8 g/10 min. (at 230°C; 
2.16 kg), and 20 wt.% of multi-walled carbon nanotubes, in 
a granular form from Hyperion Catalysis, USA, was used. 
A maleic anhydride modified polypropylene, OREVAC 
18732, MFI = 8 g/10 min, density = 0.89 g cm−3, from 
Arkema Inc., France, and unmodified polypropylene 
HD214CF, MFI = 8 g/10 min, density = 0.9 g cm−3, from 
Borealis A/S, Denmark were used for composite preparation. 
The amount of maleic anhydride in OREVAC 18732 was 
determined by a titration method; it was 0.13 wt.%. 

The composites were prepared by mixing of maleinated 
PP OREVAC 18732 (PP 18732), or unmodified HD214CF 
(PP HD214CF) with various amounts of MB3020-01 in the 
30 ml mixing chamber of a Plasti-corder kneading machine 
PLE 331 (Brabender, Germany) at 190 °C for 10 min at 
a mixing speed of 35 rpm. For comparison, a series of com-
posites was prepared by diluting the original masterbatch with 
the same PP (PP Hyperion). Specimens for further testing 
were prepared in the form of 1 mm thick slabs by compres-
sion moulding of the mixed composites using a laboratory 
hydraulic press SRA 100 (Fontijne, Netherlands) at 2.4 MPa 
and 190 °C for 2 min.  

Microhardness of the materials was measured on  
a standard Vickers microhardness tester mhp-160 for a light 
microscope NU-2 (Germany). The indenter was a square 
shaped diamond pyramid, with top angle of 136°. Loads of 
0.4, 0.6, 0.8 and 1.0 N to correct the instant elastic recovery 
were employed. A loading cycle of 0.5 min was used. The 
standard Vickers microhardness (H) was determined by the 
equation: 

 H = k P / d2                                                                (1) 
where P is the applied load, k is a geometric factor equal to 
1.854 and d is the mean diagonal length of the imprint after 
removing the indenter. At least 10 imprints were made under 
each load. The H value was determined within ∆H/H = 0.05. 
Under the loads applied the mean diagonal length of the im-
prints varies in the range 100−200 µm.  

For the determination of the creep constant, experiments 
using different loading times under the indenter were per-
formed. 

The microhardness values of neat PP_B and nanocompo-
sites PP/MMT/PPy_B are depicted in Fig. 1. The experimen-
tal hardness values of the composites are higher than that of 
the neat PP, which is 97 MPa. Both types of fillers, MMT 
particles and PPy, are reinforcing agents for the ternary com-
posites. The microhardness increases with the increase of PPy 
content for the material with equal MMT content of 4.8 wt.% 
related to the PP amount (Fig. 1a) and with the increase of the 
content of MMT for the materials with equal pyrrole content 
(13 wt.%) as shown in Fig. 1b.  

The results show that the presence of MMT and PPy 
leads to the increase in microhardness of the PP/MMT/PPy 
materials. The final microhardness values have been deter-
mined by the influence that both kinds of fillers, MMT and 
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PPy increased the microhardness of the composites3. Con-
cerning PP/CNT nanocomposites, it has been established that 
the microhardness increases with increasing the filler content 
and then remains constant at certain filler content4.  

It is well known that the microhardness values are in 
close relation with the macro-mechanical properties of the 
materials. In particular, the microhardness has a linear de-
pendence with the modulus of elasticity. Consequently, 
a strong increase in the modulus of elasticity should be ex-
pected for the PP/CNT nanocomposites.  

The creep constants for both types of nanocomposites 
decrease with the increasing the content of fillers in the com-
posites. However, the decrease of the creep constant with the 
fillers addition is not significant as should be expected when 
inorganic filler has been added into a polymer matrix. This is 
due to the very fine dispersion of the fillers in the when inor-
ganic filler has been added into a polymer matrix. This is  due 
to the very fine dispersion of the fillers in the polymer matrix 
at nanoscale level. The results show that the new materials 
possess several valuable characteristics. 

The research was supported by Bulgarian-Slovak bilateral 
project �Multicomponent polymer systems with improved 
properties�, by project of the Bulgarian Science Fund, con-
tract TK01/0110, and by project of the Scientific Grant 
Agency of the Ministry of Education of Slovakia and the Slo-
vak Academy of Sciences (VEGA 2/7103/27). 
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Abstract 

 
Natural zeolites form a group of hydrated aluminosili-

cates with the porous structure (Fig. 1). The best known type 
of zeolites is clinoptilolite. Its structure is based on threedi-
mensional framework composed of tetrahedral SiO4 and AlO4 
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Fig. 1. Dependence of microhardness on (a) PPy concentration for 
PP/MMT/PPy_B composites with constant MMT content of 
4.8 wt.% related to PP and (b) on MMT concentration for com-
posites containing 13 wt.% of PPy. The value of pure PP_B ( o ) as 
reference. The solid lines are to guide the eyes 
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units, which are connected by shared oxygen atoms. The spe-
cial porous structure of zeolite has lots of practical applica-
tions as an ion-exchange, adsorbent, material for reversible 
hydratation and dehydratation and also as a nanofiller in poly-
mer materials1. 

The application of inorganic materials in organic poly-
mers is one of the usual ways to improve up of physical-
mechanical properties of polymer. Compozite materials show 
generally better properties than pure and homogeneous mate-
rials. The changes is possible to observe at very low concen-
tration of inorganic component in polymers2,3.  

Present paper deals with the preparation of modified 
rubber compounds with the addition of nanofillers on the base 
of natural zeolite − clinoptilolite and give the information 

about their thermal properties, rheology, vulcanization per-
formance and physical-mechanical properties.  

Samples of newprepared modified rubber compounds 
with zeolite filler were studied by methods of thermal analysis 
� DTA and TG in the temperature range of 40�900 °C (Fig. 2 
and 3) and DSC method in the temperature range 30�250 °C.  

Rheology and vulcanization performances (ML, MH, tS, 
t90, RV) of prepared rubber compounds were tested and physi-
cal-mechanical properties (tensile strength, modulus 300, 
tensibility, hardness) of vulkanized rubber was studied4,5. The 
values of prepared modified rubber compounds was compared 
with the standard (comercial rubber compound).       

From study of properties of modified rubber compounds 
with the addition of natural zeolite nanofiller follow that natu-
ral zeolite � clinoptilolite may be used for the application in 
the rubber compounds improving the properties studied. 

 
The authors sincerely thank the Slovak Grant Agency AV 
4/2014/08 for the financial support. 
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Synthetic fibers have a lot of properties which natural 
fibers miss such as high tenacity and high modulus, dimen-
sional stability, etc. On the other side they have a lot of insuf-
ficiences: low hydrophility, worse dyeability, etc. However, 
development of synthetic fibers is still in progress. Recently 
a new progress started for PP fibres made from metallocene � 
made polypropylene. Therefore it is if utmost importance to 
compare the metallocene PP fibres with the conventional PP 
fibres made by Ziegler-Natta catalyzed process. 

Dynamic mechanical analysis (DMA) yields information 
about the mechanical properties of a specimen deformed sinu-
soidally (strain) while the sinusoidally varying responding 
force (stress) is measured. Oriented fibers have a specific Fig. 3.  DTA-TG of rubber compound  with zeolite 
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structure which comes into existence on the definite degree of 
orientation of macromolecular chains and it is closely associ-
ated with orientation speed. This phase transition can be seen 
on the DMA spectra characterized by glass transition, Tg. 

This work presents comparison of dynamic-mechanical 
properties of two types of oriented model polypropylene fi-
bers, Ziegler-Natta polypropylene (ZN-PP) as well as metallo-
cene polypropylene (m-PP). Model fibres were prepared by 
LOY technology. Changes of relaxation spectra were identi-
fied in dependence on take-up speed (V0) and as a function of 
melt flow index (MFI). It was found that method of polymeri-
zation as well as MFI have an influence to the shift of relaxa-
tion peak. Glass transitions of used fibers were located at 
temperature interval between +50 °C and +110 °C. 
 
This work was supported by the Slovak Research and Devel-
opment Agency under the contract No. APVV-0226-06. 
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Polyethylene (PE) has widely application in the industry. 

PE is frequently construction material in the automotive in-
dustry, for example PE is often using in the bumpers manu-
facture. In this work, surface properties of thin foil low den-
sity polyethylene (LDPE) were studied. The hydrophobic 
character of LDPE causes that its surface properties are un-
suitable in bonding, printing and laminating processes1. 

The increase of the hydrophilicity of LDPE films can be 
achieved grafting by 2-oxazoline polymers using various 
methods of LDPE modification by coplanar surface barrier 
discharge plasma. The surface treatment of polymers by co-
planar barrier discharge is magnificent mean to modify poly-
mers. Treated surface of polymers is homogenous without the 
bulk changes. The surface of LDPE film can be modified by 
oxygen, nitrogen, argon, carbon dioxide plasma treatment2. 
Polymers poly(2-ethyl-2-oxazoline) (PETOX) was prepared 
by cationic polymerization of 2-ethyl-2-oxazoline with the 
degree of polymerization equals to 100 (Scheme 1)3. Prepared 
polymer contains polar amide groups on the backbone. More-
over, PETOX belong to groups of biocompatible materials, 
hence they are of an interest in biomedical applications4.       

Following treatment conditions were used in our experi-
ments: solutions of PETOX in dichloromethane with concen-
tration 0,01, 0,03, 0,05, 0,07, 0,1 g cm−3, dynamic treatments 
by coplanar barrier discharge plasma in oxygen at atmos-
pheric pressure, power = 200 W and treatment time = 20 s.  

The surface properties of polymer were investigated by 
Surface Energy Evaluation System (SEE system) and by Fou-
rier Transform Infrared Spectroscopy-Attenuated Total Re-
flectance (FTIR-ATR). The hydrophilicity of modified sur-
face was estimated by contact angles measurements using 
a set of 5 testing liquids (redistilled water, ethylene glycol, 
diiodomethane, formamide, and glycerol).  

The plasma treatment and grafting by PETOX onto 
LDPE led to the decrease of the contact angle of water droplet 
from 99° up to 31° and the surface free energy increased at 
66 %. The polar component of the polymer surface energy 
increased from 0,2 up to 25,6 mJ m−2. 

The appearance of amide group�s signal at 1625 cm−1 
was observed in FTIR-ATR spectra and its intensity increased 
with concentration of PETOX. 

 
Authors are grateful to Slovak Grant Agency VEGA (grant 
No. 2/7103/27), and Slovak Research and Development 
Agency - APVV (grants No. 0044-07 and No. 0032-06). 
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This contribution is focused on preparation of copoly-
meric sulphur prepared by addition or polyaddition of 
cyclooctameric sulphur to low molecular weight polybutadi-
ene (Krasol LB) and to polybutadiene with average of mo-
lecular weight 10 059 g mol−1. The most appropriate content 
of organic fraction in copolymeric sulphur was 10�20  wt.%. 
The temperature of copolymerization was in range 125�150 °
C, with optimal one at 140 °C.  

Vulcanizing characteristics of rubber mixtures and 
physical-mechanical properties of cured rubbers prepared 
with above mentioned ternary or multicomponent copolymers 
of sulfur were evaluated and compared to  the results with 
commercial sulfur (Síra N).  In this study was monitored the 
influence of selected samples of sulfur vulcanizing agent in Scheme 1. Preparation poly(2-ethyl-2-oxazoline) 
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real rubber mixtures on vulcanization characteristics, process-
ing and physical − mechanical properties (strength, elonga-
tion, hardness and modulus 300). 

Was evaluated  hight effect of auxiliaries substances by 
the preparation of copolymeric sulphur. Prepared samples of 
rubber mixtures with copolymeric sulphur had better compati-
bility than mixtures with polymeric sulphur. Time of 
�blooming� vulcanizing agents prepared with auxiliaries sub-
stances were 7�8 days and time of �blooming� under assis-
tance of polymeric sulphur (Síra N) was  6 days. 
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Introduction 
 

Polyurethanes are widely used polymers for automotive 
and building industry. Car seats, sealants, adhesives (glue) 
and synthetic leather are its most used applications. Tertiary 
amines are common chemicals for catalysis of the reaction 
between isocyanate and hydroxyl groups to form cellular and 
solid polyurethanes (PU). In PU foams tertiary amine cata-
lysts are able to control the blowing of the raising foam 
(blowing catalysts) and speed up the polymerization reactions 
(gelling catalysts). The blowing catalysts promote the blowing 
reaction between the isocyanate and water. These amine cata-
lysts have mainly ethylene groups between the active centers 
(oxygen and nitrogen atoms) forming hydrogen bridges with 
the hydrogen atoms from the water (Fig. 1). This conjugation 
system is able to bring the water closer to the isocyanate 
group and forms polyurea and carbondioxide which act as 
a blowing agent. 

 

Gelling catalysts make use of the free non-sterically 
hindered electron pair (e.g. triethylenediamine) on the nitro-
gen atom to influence the active hydrogen from the polyol and 
speed up the reaction with the isocyanate by forming 
a complex between the nucleophilic reagent and the tertiary 
amine (quaternary ammonium). This reaction is known as the 
Otto Bayer mechanism (Fig. 2).  

Beside the gelling and blowing catalysis, amine catalysts 
can influence also the decreasing of the reaction speed. These 
delayed action catalysts helps operators by giving them time 
to fill the molds especially for large and complicated mold 
shapes. Other catalysts are able to cure the skin of the PU 
foams by providing an additional isocyanate reaction at the 
surface avoiding fingerprints. These catalysts are very volatile 
and need to migrate upwards to give more reactivity at the 
mold surface (e.g. triethylamine) or are not incompatible with 
the developing foam (e.g. N-ethylmorpholine) to migrate to 
the mold surface and create also a local higher activity.   

The last group of amine catalysts is able to react with the 
isocyanate (reactive catalysts) due to the presence of 
a hydroxyl group. The meaning for use is the capturing of the 
catalysts in the PU foam to avoid migration and discoloring 
on the surface. This is important for the automotive industry 
because these catalysts cannot bloom (e.g. N,N`-
dimethylethanolamine).  

Due to the more strictly quality/emission limits for use 
of PU material in automotive and building industries, the PU 
industry needs to develop amine catalysts that give high activ-
ity and low-emissions. Some amine catalysts have a strong 
odor and can influence the VOC/FOG results dramatically 
from emissions of the organic compounds of non metallic 
automobile materials (VDA 278 or PV 3341). It is known that 
amine catalysts like TEDA are responsible for condensation 
on cold spots in automotive applications. The residual con-
centrations of amine catalysts in polyurethane can vary from 
a few mg kg−1 till a few percents.  
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Fig. 1. Interaction of water with gel catalysts triethylenediamine 
(TEDA, upper) and bis(2-dimethylaminoethyl)ether (BDMAEE, 
lower) 

OH
R

O

N

R

O
H

O

N

R

R

CH3

CH3

CH3

N

CH3

CH3

CH3

N
(+)

(-)

Fig. 2. Principle of gelling catalysts   



Chem. Listy 103, s1−s148 (2009)                           PMA 2009 & 20th SRC 2009                                                                     Posters 

s123 

The main advantage to use thermal desorption as an 
injection technique is the speed of analysis. A time consuming 
liquid extraction is not needed.    
 
Experimental 
 
Analytical method 

 
All measurements were performed on a refocussation 

thermal desorption unit (TD-20, Shimadzu, Japan) coupled to 
a gas chromatograph with mass spectrometrical detection 
(GCMS 2010, Shimadzu, Japan). The thermal desorption 
technique is a sampling technology that utilizes heat to in-
crease the volatility of analytes such that they can be removed 
(separated) from the solid matrix (PU foam, wood, etc.). 
Thermal desorption allows analysis of almost all sorts of ma-
terials including insoluble materials and complex materials at 
trace levels without any pretreatment of samples.  

The thermal desorption of the PU samples was done at 
200 °C for 5 min. Due to the volatility of many amine cata-
lysts the evolved products after thermal desorption are once 
more trapped on a TENAX TA trapping material at −20 °C in 
the injector. A quick heating of the injector evolves the ana-
lytes of interest towards the analytical column (SLB-5 ms, 
30 m × 0,25 mm × 0,25 µm) for separation. The detection was 
done by electron impact ionization in full scan mode however 
a mass separation is possible for some overlay peaks.  
 
Chemicals 

All amine catalysts were purchased from Huntsman 
Corporation (Everberg, Belgium) and are most commonly 
used in PU applications. A sample was spiked with the amine 
catalysts to get the recovery. All used solvents were HPLC 
grade. 
 
Results and discussion 
 
Separation/calibration 

 
The separation of all peaks from tertiary amines is good 

and mostly a base peak separation (Fig. 3).  

Calibrations were done for all amine catalysts showing a 
linear abundance between 5 mg kg−1 and 100 mg kg−1 amine 
catalyst in foam (Fig. 4).  

Recovery 
 
A sample was spiked with the amine catalysts to get the 

recovery. The average amine concentration for each amine 
catalyst was 25 mg kg−1. The recovery for all catalysts was 
varying between 80 % and 121 %. The specific recovery for 
amine catalysts is given in the figure below (Fig. 5).  
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Applications 
 
The emission analysis like VDA 278 and PV 3341 give 

emission quantities according to external standards like ace-
tone, toluene and n-hexadecane. To get an idea of the real 
emission, the quantity of the analyte itself need to be meas-
ured. This is the only possibility to get to know the real 
amount of amine catalysts in the actual sample. After this 
analysis the operator will be able to adjust the formulation and 
correct the PU composition in case of too high emission val-
ues.  

Many defects in polyurethanes might be related to amine 
catalysts like cracking, blooming, collapse, breaking, high 
fogging, smelling etc. This method can support automotive 
and building material industry to get an idea of the residual/
actual amine catalyst composition. 
 
 
Conclusions 

 
Analytical parameters like recovery, separation, linearity 

and mass separation are well performing. The main advantage 
to use thermal desorption as an injection technique is the 
speed of analysis. A time consuming liquid extraction is not 
needed.   

The analysis of residual amine catalysts in polyurethane 
shows its essence in defect analysis, emission analysis and 
competitive analysis for the automotive and building material 
industry. This method can give real quantities of amine cata-
lyst emissions/concentrations from PU foam.  
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Introduction 

 
Polyurethanes (PU) are widely used in automotive appli-

cations for automobile seats, varnish, sealants, electronical 
compounds and adhesives. To understand their chemistry and 
behave their composition is needed to characterize before 
selling them on the market. PU is very different from the 
polyolefin based polymers because PU exist from different 
monomers (condensed polymers) and its composition might 
be difficult to analyse. Condensed polymers are commonly 
characterized by reactive pyrolysis and direct pyrolysis. An 

alternative method for polyurethanes is alkali fusion of the 
urethane groups. Alkali fusion or hydrolysis of polyurethanes 
is an analytical procedure for the qualitative and quantitative 
analysis of polyurethanes. It is based on the high temperature/
pressure alkali reaction of the condensed polyurethane poly-
mer forming amines, glycols and esters. All this has to occur 
in the presence of methanol. The PU application for this 
method can be either polyester based or polyether based. The 
principle of the polyether/MDI PU hydrolysis reaction is 
shown in Fig. 1 below.  

The polyurethanes are cleaved into the corresponding 
diamine which is the fingerprint of the isocyanate group 
(methylene diphenyl diisocyanate reacts to methylene di-
phenyl amine, toluene diisocyanate reacts to toluene diamine, 
etc.). Free short diols can be determined as chain extender 
(f=2) and dicarboxylic acids can suspect the presence of 
a polyester based polyol. The ether bounds from a polyether 
cannot be broken by hydrolysis. The ether (PO/EO) polyols 
are seen completely like they were added before.  

 
Experimental 

 
The hydrolysis reaction was done on some commercial 

polyurethanes. The samples were mixed with a methanol/
KOH mixture and reacting at high temperature and pressure 
for 8 hours. The results were yellow/brown liquids which 
were extracted and collected in 2 phases. The first phase con-
tained the polyol fraction (ether or ester based). The second 
fraction contained all amine based molecules. These fractions 
were measured by GC-MS. The mass spectrometrical detec-
tion is required to get a real identification report of the PU 
sample.  

 
 

Results and discussion 
  

Phase 1 � polyol composition 
 

The phase 1 after hydrolysis contains mainly polyols 
and additives. This fraction explains the type of polyol used 
(ester/ether based) in the formulation. A flexible PU foam was 
hydrolysed and a propylene oxide polyol distribution was 
seen (Fig. 2) with average mol weight 200.   
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Fig. 1. Principle of hydrolysis of  polyether/MDI polyurethane 
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Phase 2 � Amine composition 
 
An isocyanate finger print can be done by screening the 

amine composition in one extract (phase 2). Fig. 3 shows the 
isocyanate composition of flexible foam. These are not the 
MDI  (isocyanate) peaks but the MDA (amine) peaks. The 
area percent ratio can characterize the type of MDI used 
(Table I).  

The presence of the polymeric MDA for approx. 8 % 
proves that the used isocyanate was polymeric MDI (PMDI). 
The ratio between the pure MDI and the polymeric MDI is 
important. The high amount of pure MDI proves that the sam-

ple was used for flexible molded and microcellular foam.  For 
some applications it is necessary to know the ratio between 
the 2,4�-MDA and 4,4�MDA because the isocyanate goup in 
position 4 is about 4 times more reactive than the isocyanate 
group on position 2.  

Other isocyanates like toluene diisocyanate can be char-
acterized. The detection of the 2 toluene diamine isomers 
(2,4-TDA and 2,6-TDA) can lead to great conclusions. There 

are on the TDI market 3 combinations possible. These are the 
80/20 and 65/35 mixtures of the 2,4 and 2,6 isomers but also 
the pure 2,4 product. In Fig. 4 is shown the chromatogram of 
a pure 2,4-TDI type of isocyanate detected in rigid foam.   

 
Phase 1 and  2 � full PU composition 
 

The power of this method is mainly seen by the separa-
tion between the amine phase and polyol phase. The combina-
tion of the 2 phases can lead to full composition analysis of 
the PU sample. Some PU systems can be understood better 
and defects might be detected.  

The following example shows a hydrolysis of an elas-
tomer sample. The first fraction gave a big peak of caprolac-
tone and a small peak of 4-ethylmorpholine (NEM). The 
caprolactone is a monomer which can react with itself to form 
polyester. The second fraction gives hexamethylenediamine 

Table I 
MDA ratio after hydrolysis of flexible PU foam 

Compound name Area [%] 
2,2�-MDA 0,8 

2,4�-MDA 11,7 
4,4�MDA 78,7 
Methyl-MDA 0,8 
2,4�-4,4�-Polymeric MDA 1,0 
2,4�-2,4�- Polymeric MDA 0,6 
2,4�-4,4�- Polymeric MDA 6,3 
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Fig. 2. Distribution of PO polyether (MW 200) detected in flexible 
polyurethane foam after hydrolysis 
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Fig. 3. MDA distribution after hydrolysis of flexible PU foam. 
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and N,N-dimethylcyclohexylamine (DMCHA) catalyst. The 
hexamethylenediamine is the amine product from hexame-
thylene diisocyanate (HDI) which is an aliphatic isocyanate 
produced for < 3 % of the isocyanate market. The Fig. 5 and 6 
give the chromatograms of first fraction and second fraction 
of these samples.   
 
 

The results from Fig. 5 and 6 shows us that the PU sam-
ple is based on a polycaprolactone/HDI system catalysed by 
DMCHA and NEM.  
 
 
Conclusions 

 
Hydrolysis as analytical technique is a powerful method 

for the full characterization of PU material. This method is 
suitable for automotive applications in the field of quality 
control, research and competitive analysis.  

Hydrolysis of PU makes it possible to determine isocy-
anate ratio, iso/poyol identification as well chain extenders, 
amine catalysts, stabilizers, plasticizers and flame retardants 
charcterisation. This method allows analysis of complex PU 
matrixes and heavily crosslinked PU networks. 
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Introduction 

 
Pyrolysis coupled with gas chromatography and mass 

spectrometry (Py-GC-MS) is an instrumental method that 
enables a reproducible characterisation of (co-)polymers. The 
method allows identification of monomers and pyrolysis deg-
radation products to get a full composition overview of the 
polymer matrix.  Pyrolysis is a sampling technology that util-
izes heat to create thermally induced chemical reactions. The 
model of pyrolytic reactions in plastics is depending on the 
kind of polymer. Each single reaction step is representative 
for a complex network of reactions. The thermal degradation 
is initially a matter of intrinsic kinetics. The polymer is heated 
up till it reaches a certain kinetic limit which is depending on 
molecular weight, presence of a weak link, additives, type of 
(co)-polymer and experimental conditions (temperature, heat-
ing rate, oxygen level, etc.). The physical properties are 
changing and the polymer become more liquid. The radical 
chain pyrolysis reactions take place mainly in the liquid 
phase. In a second stage several reactions can occure. The 
thermally induced chemical reactions can be: 
− Depolymerisation: A radical is formed and induces 

a homolytic cleavage with the carbon in α-position. 
(e.g. ethene in polyethylene). Many authors call this 
process �unzipping�`.  
R-C-C-C-C-C. + .C-C-R → R-C-C-C. + C=C + .C-C-R 

− Intramolecular radical transfer: This is a change of the 
polymer chain followed by β-scission forming 
a dimer. This happens in natural rubber forming 
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Fig. 6. Second fraction of elastomer (amine fraction) 
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a cyclic dimer (Fig. 1).  
− Intramolecular and intermolecular H-transfer followed 

by unzipping. A typical example is the 1,5-hydrogen 
transfer in PE which is the most favorable transfer due 
to the balance between entropy and chain energy 
(Fig. 2). This process can continue and the proton can 
transfer further from position 5 to position 9, from 
position 9 to position 13, etc. 

The remaining radicals are unzipping till a termination 
process occurs and 2 radical-ending molecules have reacted 
together. Unsaturated and saturated structures remain. The 
evolved analytes are swept onto the analytical column of the 
GC and GC-MS proceeds as normal.  

In classical pyrolysis of polymers like polyesters and 
polycarbonates peaks of terminal groups or cross linking 
products are masked by the large peaks arising from polar 
material from the polymer. For some macromolecules it is 
desireable to introduce a chemical reagent that, upon heating, 
will react with the macromolecule in a more directed manner, 
e.g. the preferential cleavage of ester domains, to produce 
a mixture of derivatized low molecular weight products in 
a process known as thermally assisted chemolysis. 
A derivatisation with tetramethyl amonium hydroxide 
(TMAH)/methanol is commonly used (Fig. 3). This pyrolysis 
technique is known as reactive pyrolysis and forms on polar 
groups methylethers. 

 
 

Experimental 
 
Sampling 

 
The sample is cut in small pieces (1 mg) and placed in a 

sample cup. In case the sample contains lots of additives (e.g. 
plastisizers, flame retardants) which interfere the pyrogram, 
the sample needs to be extracted by a soxhled extraction with 
acetone. The sample cup is placed in an autosampler on top of 
the furnace.   
 
Analytical method 

 
According to the TGA data from different kind of poly-

mers a pyrolysis temperature of 650 °C has been chosen. The 
pyrolyzer used is a pyrolysis unit PY-2020iD (Frontier lab) 
with a 48 position auto sampler connected to a GC-MS-
QP2010plus (Shimadzu). The pyrolysis is performed for a 
very short time (20 seconds). The separation is done on a 
special metal capillary separation column (Frontier Lab, Ultra 
ALLOY-PBDE; 0.25 mm i.d. × 15 m) coated with a very thin 
(0,05 µm) film of immobilized-polydimethylsiloxane. The 
ultra alloy columns are used for their stability at high tem-
perature. For reactive pyrolysis a pyrolysis temperature of 
400 °C was applied. 
 
 
Results and discussion 
 
Direct pyrolysis-GC-MS 
 
Direct pyrolysis gives for every polymer specific reactions. 
The direct pyrolysis process is able to get information about 
the co-polymer ratio, structure (head-tail, head-head, tail-tail) 
and cross linking agents. Even the simulation of the resin 
network can be visualized. The program of polypropylene 
shows mainly dimer and trimer (Fig. 4). Higher mol weight 
fragments (from C14) give nice repeating structures due to the 
formed branched oligomers.  
 Copolymers like NR/PI-SBR rubber can be identified 
by pyrolysis-GC-MS (Fig. 5). This due to the identification of 
the monomers after unzipping process or the cyclic dimers 
after the intramolecular radical transfer (4-ethenyl-
cyclobenzene and limonene). The method allows also to get 
information about the ratio between the nonomers. This 
method has another dimention than the classical pyrolysis-
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FTIR due to its separation (GC) and mass separation/
identification (MS).  
 
Reactive pyrolysis-GC-MS 

 
The polymers which reactive pyrolysis is able to charac-

terize (PC, PET, PU, PBT etc.) are mostly polar compounds. 
The reaction with THMA/MeOH makes them more non-
polar. This results in a cleaner chromatogram. The reaction 
give mainly reacted monomer but cross-linking agents, addi-
tives and en-capping products as well. Due to the relative low 
temperature this technique can visualize the additives. In 
Fig. 6 is shown the reactive pyrolysis chromatogram of poly-
carbonate. There is seen the monomer biphenol A in its di-
methylether form but also the end group tert.butylphenol in its 
methylether form. This tert.butylphenol is strongly limited for 
food contact material.  

 
Conclusions 

 
Both pyrolysis techniques can improve the quality of the 

full characterization of polymers used in the automotive in-
dustry. The power is the ability to compare batch to batch and 
gives more information about the polymer structure/ratio and 
its production process. This information is mostly not known 
by the automotive dealers itself but in-house knowledge from 
the production/manufacturer.  
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Synthetic fibers based on fiber-forming polymer blends 
belong to a special fiber group. A variability of properties in 
fibers can be reached using two or more components in the 
fiber �forming blend. 

Ziegler-Natta (ZN) catalysts have been used to manufac-
ture polypropylene (ZNPP) for over five decades6,7. These 
catalysts provide the preparation of ZNPP with a continuous 
growing of an application in all areas of an industry because 
their properties and price were very interested. The important 
increase of ZNPP application in the fibre and textile industry 
has been come after an introduction of the ZNPP degradation, 
which enabled the preparation of ZNPP with the lower mo-
lecular weight and narrower molecular distribution. These 
molecular characteristics of ZNPP provided the better proc-
essability of ZNPP at the spinning and drawing of PP fibres as 
well as the better unevenness of structure and mechanical-
physical properties of ones. 

The metallocene catalysts like the new generation of 
catalysts for polymerization of polyolefins generate polymers 
with narrower molecular weight distribution, lower melting 
temperature, tacticity, etc.1−4. 

These properties of metallocene polypropylene (mPP) 
could be to suffer their application at the preparation of ori-
ented anisotropic materials � fibers with the important im-
provement of some properties, for an example the mechani-
cal-physical properties (higher tenacity and Young�s 
modulus) as well as with the use of better favourable spinning 
and drawing conditions. Generally, there are the fibers with 
the lower linear density, higher tenacity, lower elongation at 
the break and higher Young�s modulus5. 
 Metallocene polyethylene (mPE) and mPP form ther-
modynamically incompatible blended fibres with two melting 
peaks on the DSC thermograms corresponded with the melt-
ing temperatures of individual components � mPE and mPP 
(Table I). However, blended fibres prepared from mPP and 
ZNPP are thermodynamically compatible with the one double 
peak on the DSC thermograms. At the fibres from the PP with 
the lower MFI (12 g/10 min − N) the melting temperature of 

Fig. 5. Pyrogram of NR/PI + SBR 

Fig. 6. Reactive pyrogram of polycarbonate with detection of the 
monomer and initiator/encapping group 
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mPP corresponds with the melting temperature of individual 
mPP, but the melting temperature of ZNPP component is 
shifted to the lower values in comparison with the melting 
temperature of individual ZNPP. At the fibres prepared from 
PP with the higher MFI (26 g/10 min − R) it is vice-versa. 

Total melting enthalpies of blended fibres prepared from 
mPE/mPP as well as from mPP/ZNPP are lower than the 
theoretically calculated from their additive composition, what 
can predict slower crystallization ability of components at the 
preparation (Table II). It is very interested, that the decrease 
of crystallization ability of mPE resp. mPP is higher than the 
ZNPP. 

This work was supported by the Slovak Research and Devel-
opment Agency under the contract No. APVV -0226-06. 
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Semicrystalline polyolefins such as polypropylene, high-
density polyethylene are widely used in industry because of 
their advantage properties: easy processing, low density, cor-
rosion resistance, low costs, high ultimate elongation before 
tensile fracture. However these polymers have a number of 
defects � low flame resistance, emission of smoke and poison-
ous gases while burning. Metal hydroxides (magnesium or 
aluminium hydroxides) are well known as acid and halogen-
free flame-retardants for polymer composites. But their intro-
duction into polymer matrix causes the decrease of composite 
physico-mechanical properties. Thus, the most important task 
is to increase the compatibility of these fillers and polyolefine 
matrix to improve their dispersability and as a result compos-
ite characteristics.  

In order to solve this problem we have proposed the 
method of modification of magnesium hydroxide (MH) with 
peroxide-containing copolymers (PCC). This allows to form 
compatibilizing polymer layer on the surface of filler particles 
decreasing significantly surface energy on the phase bound-
ary. From the other hand the presence of peroxide groups in 
the copolymer structure provides the grafting of the chains of 
polymer matrix to the filler surface during filled composite 
formation. Copolymers on the basis of 5-tert-butylperoxy-5-   
-methyl-1-hexene-3-yne were used as surface modifiers. They 
have been synthesized both by copolymerization of initial 
monomers and by polymer-analogous transformation that 
allows to include into the PCC structure the fragments that 
facilitate the increase of polypropylene crystallinity degree 
(dibenzylidene sorbitol).  

Table I 
The melting temperatures of components in the blended fiber 
obtained from the 1st heating (heating rate was 10 °C min−1) 

Sample CPE(mPP) 
[wt.%] 

1st heating 
TPE [°C] TmPP [°C] TZN [°C] 

mPE 100 113.5 − − 
mPE/mPP-N 50 113.3 145.0 − 
mPP-N 100 − 146.3 − 
mPE/mPP-R 50 114.5 146.3 − 
mPP-R 100 − 146.5 − 
mPP-N/ZN-HG 50 − 144.3 156.0 
ZNHG − − − 161.3 
mPP-R/ZN-HT 50 − 155.3 − 
ZN-HT − − − 161.0 

Table II 
The melting enthalpies of components in the blended fibers 
obtained from the 1st heating (heating rate = 10 °C min−1) 

Sample 1st heating 
∆HPE 

[J g−1] 
∆HmPP 
[J g−1] 

∆HZN 
[J g−1] 

Σ∆H 
[J g−1] 

Σ∆Hteor 
[J g−1] 

mPE 67.6 − − 67.6 67.6 
mPE/mPP-N 22.0 28.6 − 50.7 72.0 
mPP-N − 76.3 − 76.3 76.3 
mPE/mPP-R 24.6 27.2 − 51.8 66.9 
mPP-R − 66.3 − 66.3 66.3 
mPP-N/ZN-HG − 16.4 55.4 71.8 88.8 
ZN-HG − − 101.2 101.2 101.2 
mPP-R/ZN-HT − 68.4 − 68.4 76.6 
ZN-HT − − 87.0 87.0 87.0 
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Modification of MH surface with these PCC causes the 
decrease of filler surface energy from 48 to 27÷30 mJ m−2. 
Rheological tests of obtained composites witness about the 
formation of supramolecular structures in the composite, evi-
dently, as a result of the bonds formed on the phase boundary 
due to PCC peroxide fragments. The flammability of obtained 
composites (LOI index) slightly depends of the nature of 
modifier. At the same time physico-mechanical characteristics 
of the filled composites on the basis of peroxidized MH are 
higher as compared with unmodified samples. 

Hence, obtained results witness that the peroxidic modi-
fication of magnesium hydroxide is the prospective route to 
obtain incombustible polymer composites with improved 
physico-mechanical properties. 
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Magnetic particles are widely studied for their applica-
tions in various fields in chemistry, biology and medicine. 
One application of scientific and technological interest is the 
use of composite materials like ferrofluides or magnetic rub-
bers as adjustable dampers. The damping properties of such 
a material can be varied by an external magnetic field.  

In this text the synthesis, functionalization and analysis 
of magnetite nanoparticles with superparamagnetic properties 
and the synthesis of composite materials is presented. 

 
 

Introduction 
 

In this work magnetite nanoparticles were prepared with 
a diameter about 15 nm, which are coated with silica or a near 
monolayer of silanes with organic groups like acrylate or 
vinyl. The particles are incorporated as a superparamagnetic 
filler in PMMA and butadiene rubber (BR) to get organic-
inorganic hybrid materials. These nano composites are char-
acterized by using FT-IR-spectroscopy, thermal analysis 
(TGA / DSC), TEM, SEM, XRD, SQUID and DLS.  

In a second part, the magnetite nanoparticles are dis-
persed in various solved polymers and used in an electrospin-
ning process. The received hybrid nano fibres can be used as 
a filler for different rubbers.  

 
 

Experimental 
 

Magnetite particles are prepared by the usual co-
precipitation method, adding 5 mol l−1 NaOH solution into the 
mixed solutions of FeCl2 (0.25 mol l−1) and FeCl3 (0.5 mol l−1) 

with a molar ratio of 1:2. The NaOH solution is slowly added 
drop wise under rapid stirring up to pH 11 at room tempera-
ture. 

The slurry is washed by magnetic separation up to pH 7. 
The dry particles are dispersed in ethanol and mixed 

with TEOS (tetraethyl ortho silicate) or the silane (1 g / g 
particles) and functionalized at room temperature for 24 
hours. 

After functionalization with a methacrylic acid silane the 
dry particles are dispersed in THF and MMA, then the   mix-
ture is polymerized and cleaned. A TEM image of the product 
is shown in Fig. 1. 
The particles are dispersed in solved BR and after drying the 
mixture is vulcanized and characterized using TEM, AFM 
and TGA. A AFM image of the product is shown in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
Results and discussion 
 

The diameter of the dry magnetite particles is deter-
mined by TEM image to 9−17 nm. The diameter in ethanol is 
about 1.66 µm due to agglomeration.  

After functionalization with TEOS the diameter in etha-
nol is about 144 nm. This shows a better separation of the 
core-shell particles. 

The TGA measurements show that the acrylate function-
alized particles have about 1.5 wt.% organic groups on the 
surface. At 192 °C the magnetite oxidizes to magnesite. This 

Fig. 1. TEM image of magnetite nanoparticles in PMMA 

Fig. 2. AFM image of magnetite nanoparticles in BR 
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is shown as well by a changing of the particle color from 
black to red. 
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Conjugated polymers represent a field of intensive scien-

tific research due to the wide range of possible applications of 
these materials, as for example polymeric LEDs1 and plastic 
photovoltaic devices2. Among conducting polymers, polythio-
phene (PT) is one of the most studied conducting polymers 
because of its good electrical conductivity, environmental 
stability and relative ease of synthesis. PT can be synthesized 
by electrochemical3 or chemical4 oxidation of thiophene in 
various organic solvents. The preparation conditions and vari-
ous additives introduced into reaction mixture influence the 
properties of final conducting polymer5. The growing know-
how on the electronic and technological properties of con-
ducting polymers is generating a lot of interest for large scale 
industrial applications6. For hydrophobic materials a quite 
commonly employed processing method, alternative to the 
solvent-based one, is represented by the use of surfactants, i.e. 
surface-active molecules able to stabilize a mixture of two 
immiscible liquids by interacting concurrently with both inter-
faces. This strategy permits to handle and process hydropho-
bic materials in water, avoids the use of organic solvents and 
complies with the principles of green chemistry, and for these 

reasons is widely used in industrial applications. 
In this work, PT homopolymers were synthesized in the 

presence of surfactants and their properties were compared. 
Tween 60 (C28H24O3, MA = 438.73 g mol−1); sodium dodecyl- 
sulfate (SDS, C12H25NaO4S, MA = 288.38 g mol−1); an-
thraquinone-2-sulfonic acid sodium salt monohydrate (ACS, 
C14H7NaO5S.H2O, MA = 328.27 g mol−1) were selected as 
nonionic and anionic surfactants, respectively. The molar 
ratios of monomer/surfactant and oxidant/monomer were 
taken as 7 and 2.3, respectively. Thiophene and surfactant 
were dissolved into chloroform in a reaction vessel containing 
a magnetic stirring bar. Anhydrous oxidant FeCl3 dissolved 
into CHCl3 was added to monomer-surfactant solution drop-
wise. Polymerization was carried out 24 h at 20 °C. After 
filtration and purification prepared powders were dried at 50 °
C under vacuum for 24 h.  

PT without surfactant was synthesized using the same 
conditions without adding any additive.  

FTIR spectra of prepared PTs were recorded in the range 
400−4000 cm−1 with a 4 cm−1 resolution from KBr pellets on 
a Perkin Elmer Spectrum BX FTIR system (Beaconsfield, 
Buckinghamshire, UK). Thermal stability of PTs was investi-
gated on a Perkin Elmer model thermal parametric analyser 
(Beaconsfield, Buckinghamshire, UK) under pure nitrogen at 
a flow rate of 25 ml min−1. Sample morphology studied by 
scanning electron microscopy (SEM) with a Philips model.  

Table I shows FTIR wavenumbers of PT samples. The 
bands at 1486 and 1432 cm−1 belong to C=C asymmetric and 
symmetric stretching vibrations of thiophene ring, respec-
tively. The peaks at 1169 and 786 cm−1 represent in-plane and 
out-of-plane C�H aromatic bending vibrations of substituted 
thiophene ring7. The C�S stretching vibration of the thiophene 
is assigned at 835 cm−1. Peak at 694 cm−1 may be the ring 
deformation of C�S�C in PT8. The presence of surfactants in 
the PT samples is verified by the FTIR spectra. The observed 
peak shifts show that there are some interactions between PT 

Table I 
Assignments of FTIR bands of PT samples  

 Assignments 
  

Wavenumbers [cm−1] 
PT PT/ 

ASC 
PT/ 
SDS 

PT/ 
Tw60 

O�H stretching of water in 
KBr 

3434 3463 3446 3433 

C�H aromatic stretching 3059 3061 3056 3059 
C�H aliphatic stretching 2919     2913 
C= C asym. ring stretching 1486   1484 1486 
C =C sym. ring stretching 1432   1436 1437 
C�H in-plane deformation 1169 1169, 

1122 
1104 1100 

C�S stretching 835 861   837 
C�H out-of-plane defor-
mation 

786 784 781 784 

C�S�C ring deformation 694 706, 
627 

685, 
638 

694, 643 
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and the surfactants. 
X-Ray diffraction of PT-ASC showed only one broad 

peak at the Bragg angle of around 18° in the wide angle X-ray 
diffractogram, suggesting that polythiophene is amorphous 
polymer9. This result confirms that the product obtained is the 
real amorphous polymer rather than liquid monomer or or-
dered polymers. The X-Ray pattern of pure surfactants ASC 
and SDS reveals that they have typical crystalline arrange-
ment. After preparing surfactant modified polythiophenes, 
these structures were rigorously modified to a mainly amor-
phous pattern. The peak intensities of ASC and SDS dimin-
ished because of polymerization of thiophene. Crystalline 
structure of PT-ASC has some small peaks which are almost 
similar to ASC. These results support the predominant forma-
tion of polythiophenes in reaction mixture.  

 

 

Morphology of PT, PT-Tween 60, PT-SDS, and  
PT-ACS was investigated using SEM analysis. All surfactants 
influence the morphology of the corresponding polythio-
phenes. Surfactant-free PT has a globular structure but also 
some fibrils are visible, as shown in Fig. 1a. When compare 
the structure of samples at the same magnification, PT-Tween 
60 has globular structure with smaller particle, PT-SDS pre-
sents a different structure which looks like flowers, and PT-
ACS has a flat dense structure (Fig. 1b).  

Besides the morphology changes, conductivity of sam-
ples changed when they were prepared in the presence of 

different surfactants. Conductivity increased linearly with 
decreasing the particle size of sample. As seen from Fig. 1b, 
PT-ACS has denser and smaller structure than other samples. 
This product showed also the highest conductivity 8.2⋅10−5 
S cm−1.  

The thermal stability of the PT-ACS sample is signifi-
cantly higher than that of the other synthesized PTs.  
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The need to modify the surface or characteristics of ma-

terials is a growing issue for many industries. Plasma offers 
a novel approach for solving common surface problems1. 
Styrene butadiene rubber (SBR) is the largest volume syn-
thetic rubber used in production. Styrene butadiene rubber is 
similar to natural rubber in its resistance to mild solvents and 
chemicals, like natural rubber. Butadiene rubber and styrene 
butadiene rubbers are widely used materials for the produc-
tion of tires. 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 

Fig. 1. SEM image of surfactant free PT (a) and  PT-ACS (b) 
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Oxygen, hydrogen and helium were used to treat SBR 
with the aim to modified surface and increase the surface 
energy and adhesion. SBR was treated by O2 and H2 plasma at 
500 mTorr, while helium treatment was done under atmos-
pheric pressure plasma. Plasma is generated using homemade 
microwave. 

 The changes of surface morphology of original sam-
ple and samples after plasma treatment were investigated 
using Scanning Electron Microscopy (SEM). Dynamic Me-
chanical Analysis (DMA) was used to study the behavior of 
SBR after plasma treatment. DMA Q800 (TA Instruments) 
mechanically deforms a sample and measures the sample 
response. The deformation was applied sinusoidally, in a con-
stant (or step) fashion, or under a fixed rate. The response to 
the deformation was monitored as a function of temperature 
and time. 

Fig. 1 indicates morphology of SBR without plasma 
treatment. Fig. 2 to 4 depict surface images of SBR-O2 
plasma, SBR-H2 plasma, and SBR-He plasma samples, re-
spectively.  

The surface morphology of SBR was changed depending 
on plasma process. Especially, after O2 plasma treatment, 
more structural breaking was observed from Fig. 2. 

The influence of the time of the plasma treatment and the 
degree of surface oxidation were also studied. The differences 
when using oxygen plasma were detected by DMA and re-
sults are compared with untreated material.  

 
This work is funded by DPT (2007-K-121310-DPT). 
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Fig. 2. SEM image of SBR-O2 plasma sample 

Fig. 1. SEM image of SBR without plasma 

Fig. 3. SEM image of SBR-H2 plasma sample 

Fig. 4. SEM image of SBR-He plasma sample 
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The present development of textile market is connected 
with an ever increasing demand for new functionalities for 
highly specific applications. Given that background, surface 
modification became one of the most important topics to cre-
ate new textiles.  

One of the possibilities, for modifying the polymer sur-
face is plasma treatment at atmospheric pressure. It is well 
known that this kind of modification leads to formation of 
various type functional groups on the surfaces, which are able 
to interact with modifying layer. As a result, the surface is 
modified and obtained specific properties such as magnetic 
properties, barrier properties, antibacterial properties etc.The 
plasma technique can be used for surface modification and 
thin film deposition for almost all substrates, including poly-
mer, paper, glass and porous materials1. 

These surface modifications can produce long lasting or 
semi-permanent multi-use benefits that, in some embodi-
ments, may include at least one of the following improved 
surface properties: cleaning, wettability, liquid strike-through, 
comfort, stain resistance, soil removal, malodor control, 
modification of surface friction, reduced damage to abrasion 
and color enhancement, relative to the surfaces unmodified 
with such nanoparticle systems. 

This work is focused on the preparation of polypropyl-
ene nonwoven  coated with iron oxide nanoparticles after 
plasma treatment. The surface of samples were treated by 
plasma in nitrogen or air atmosphere using surface dieletric 
barrier discharge (DCSBD)2. Consequently the polypropylene 
textiles were immersed in water dispersion of  iron oxide 
nanoparticles under sonication. 

The physical and chemical changes of polypropylene 
surfaces were studied by atomic force microscopy (AFM), 
scanning electron microscopy (SEM) and  Fourier  Transform 
Infrared Spectroscopy (FTIR). 

It was find that about 3 wt.% of iron oxide were embed-
ded at polypropylene nonwoven mainly as micrometer size 
aggregates than as nanoparticles. 
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The development of nanotechnology in the field of elas-

tomers is associated primarily with the research aimed to be 
placed nanofillers in the elastomeric composites1−4 instead of 
conventional used fillers such as  carbon black, silica, metal 
oxides  or carbonates in order to obtain significantly better 
properties of elastomer nanocomposites forming  rubber com-
pounds and  rubber vulcanisates  as useful  rubber articles.  

Fillers and nanofillers in the  rubber composites are as 
important modifiers their properties such as abrasion resis-
tance, tensile strength, tear resistance  or multiple deforma-
tion. These properties depend essentially on the action of 
elastomers with fillers3−6. Strengthening as a results of fillers 
action is higher if the its particles are smaller, surface  area is 
more and  the relevant functional groups react  with the rub-
ber macromolecules.  

Application of nanofillers, due to their extremely high 
surface area, should be radically increased strengthening ac-
tion and bring much better results in comparison with conven-
tional fillers. According to literature reports the results ob-
tained in the field of elastomer nanocomposites1−4, are not 
significantly adequate for the expectations of nanotechnology, 
in contrast to the nanocomposites of metal, ceramic, glass or 
even polymeric plastomers, which often obtained very good 
results.   

In practice, there are significant difficulties in full and 
equal distribution of nanofillers in the elastomer matrix, 
which make impossible the achievement of good dispersion of 
nanofillers in elastomers. This is the cause of unfavorable 
morphology of elastomer nanocomposites and prevents exfo-
liation of  nanofillers, what is a major interruption to obtain-
ing better mechanical properties of nanocomposites.  In the 
case of polymer composites, in order to improve mutual mixing  
of their components can be used the compatibilizators3−5,7. 

The purpose of our work was to study the effect on nano-
fillers dispersion and properties of elastomer nanocomposites 
containing montmorillonite, the compatibilizators type of  
polyethylene grafted with maleic anhydride − Fusabond EC 
603D i  Fusabond MG 423D. They are  used primarily in the 
processing of polymers ABS and PA or PCA in order to im-
prove the processing and properties of strength, particularly 
adhesion.  

Mechanical properties of tested  IR and EPDM nanoco-
mosites containing Fusabonds in some cases have been posi-
tive changes (Fig. 1), in particular has improved tensile 
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strength and tear resistance of nanocomposites containing 
Fusabond E EC-603D � about 15 %. Material also has im-
proved thermal stability, in the case of IR composites with 
Fusabond EC-603D the value of T5 increased  around 25 °C;  
for EPDM about 90 °C. 

Unfortunately, adverse effects were found in terms of  
compression set and resistance to abrasion of composites 
containing both modifiers. No beneficial effects on improving 
the resistance to heat aging were found too. Shore hardness 
and elongation at break developed slightly increased.  
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  Poly (trimethylene terephthalate) (PTT), which was 
recently commercialized1, has similar molecular weight com-
pared to other polyesters. It can be formed into fibres and 
films2−4. The characteristic properties for PTT are a flexible 
trimethylene repeat group in the polymer chain, lower melting 
temperature (238 °C), glass transition of about 55 °C and 
lower water absorption relative to PET2. PTT fibres display 
su-perior elasticity and recovery properties relative to PET1−4. 

In our previous work, the phase structure and properties 
of PP/PET and PP/PBT blends and blend fibres were investi-
gated5−7. In this paper the rheological properties of the poly-
mers and PP/ (PTT/PET) blends and the phase structure, mor-
phology and selected properties of PP/PES fibres are pre-
sented. The compatibility during processing of polymers for 
spinning was evaluated by using a statistical evaluation of the 
external and internal non-uniformity of the blend fibres. Fi-
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nally, the relationship between morphological parameters of 
the blend fibres and MB composition (rheological properties) 
as well as mechanical properties and phase structure charac-
teristics are discussed. 

 
 

Experimental 
 
Polymers used in the study were: 
 
Polypropylene TG 920 (PP), MFI = 10.5 g/10 min, Slovnaft 
Poly (trimethylene Terephthalate) (PTT), ηγ=100 s−1 = 260 Pa s, 
Du Pont 
Poly (ethylene Terephthalate) (PET), IV = 0.55 l g−1, SH Senica 
�Master batch� composition: PP+PTT+PET (Table I) 
 
 

Preparation of the MB and blend fibres 
 
PP/ (PTT/PET) fibres were prepared in two steps:  

a) Mixing of the powder polymer components of the MB in 
a high a speed mixer. Powder mixtures were melted using 
twin-screw extruder (Werner Pfleiderer) f = 28 mm at 275 °C. 
The extrudate was cooled and cut into blend chips.  
b) In the second step the blend PP/PES fibres were prepared 
by melt spinning of the polymer mixture of PP and MB, using 
a laboratory spinning equipment with an extruder f = 30 mm. 
The parameters of the spinning process were: temperature 
275 °C and take up speed of 400 m min−1. The linear density 
of the undrawn fibres was Tdt = 750 dtex. Multifilaments 
were drawn using the laboratory drawing equipment. The 
draw ratio was 3x at a temperature 110 °C. The linear density 
of the drawn multi filaments was Tdt = 250 dtex f40 (40 fila-
ments). 

 
Methods 

 
Rheological properties of blends were measured using a 

capillary extrusiometer Göttfert N 6967. 
A light microscope Olympus BH-2 with software Quick 

Photo Micro 2.0 was used for measurements of the size and 

shape of the separated PES microfibres upon dissolving of the 
PP matrix in xylene at 140 °C. 

An Instron 1122 was used for determination of the me-
chanical properties, (tenacity and elongation) of the PP/PES 
blend fibres. Statistical evaluation of the tensile strength and 
elongation at break and their variation coefficients was used 
for determination of the internal (structural) unevenness of the 
PP/PES blend fibres. 

 
 

Results and discussion 
 
Rheology of polymer components and FPA 
 

Experimental results of the rheological measurements 
indicate that in spite of the approximately three times higher 
viscosity of PTT relative to PET, its deviation from the New-
tonian behavior was negligible (n = 0.99). The higher devia-
tion was found for PET (n = 0.93) (Table II). 

�Master batch� based on miscible PTT/PET blend exhib-
its the lowest both viscosity and viscosity ratio K in compari-
son with additive contribution of individual polymers, as indi-
cated in the Table II. Immiscible binary blends PP/PTT ex-
hibit the highest blend viscosity due to high PTT viscosity. 
Ternary blends PP/ (PTT/PET) provide viscosity between 
miscible PTT/PET and immiscible PP/PTT blends. Ternary 
MB blends also exhibit the highest deviation from Newtonian 
flow, with flow behavior similar to PP (Table II). It can be 
expected the higher viscosity of MB and viscosity ratio K, the 
more favourable conditions for deformation of MB and creat-
ing the PES microfibres in PP matrix. The balance between 
break and coalescence of the PES particles will determine 
their length and diameter. 

 
Phase structure of the blend PP/ (PTT/PET) fibres 

 
The diameter and length of the PES dispersed phase in 

the PP matrix define the phase structure of the PP/PES fibres. 
Analysis of the separated PES micro-fibres shows uni-

Table I 
The composition of the �master batch� MB 

Master 
batch 

PP [%] PTT [%] PET [%] 

MB1 − 100 − 
MB2 − − 100 
MB3 − 30 70 
MB4 − 70 30 
MB5 30 70 − 
MB6 70 30 − 
MB7 30 21 49 
MB8 30 49 21 
MB9 70 9 21 
MB10 70 21 9 

Table II 
Rheological parameters (n, k, K and η on Newton and Ost-
wald de Waele laws) of polymers and master batches (MB) 

Master 
batch 

k n η [Pa.s] K = ηd/ηm 
γ=100 s−1 γ=300 s−1 γ=100 s−1 γ=300 s−1 

PP 3709 0.44 283 153 − − 
PTT 269 0.99 260 258 0.92 1.69 
PET 134 0.93 97 89 0.34 0.58 
MB3 92 0.97 80 77 0.28 0.50 
MB4 133 0.93 98 91 0.35 0.59 
MB5 452 0.78 164 129 0.58 0.84 
MB6 2191 0.52 241 142 0.85 0.93 
MB7 627 0.67 138 96 0.48 0.63 
MB8 559 0.70 143 103 0.51 0.67 
MB9 1563 0.53 180 107 0.64 0.70 
MB10 2022 0.50 201 116 0.71 0.76 
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form thickness but wide distribution in length. Average values 
of both the diameter and length of the micro-fibres in PP ma-
trix for spun and drawn fibres are given in the Fig. 1, 2. The 
results show, that the higher diameter (d) of the PES micro-
fibres is characteristic for blend fibres prepared when using 
PP and a binary blend of MB such as PTT/PET and PP/PTT. 

Lower diameter of the PES micro-fibres was obtained 
when PP and the ternary blend PP/ (PTT/PET) of MB was 
used in spinning. The longest PES micro-fibres were obtained 
for blend fibres obtained from PP and MB based on binary 
PP/PTT blend. Medium lengths are obtained by PTT/PET 
blend while the shortest micro-fibres were formed in spinning 
of the PP with PET and ternary PP/PTT/PET blend as MB. 
PTT component in PES dispersed phase contributes to an 
increase in both diameter and length of the dispersed PES 
phase. Taking into account fibres based on PP and pure PTT 
or PET or binary MB of PTT/PET, the length of the PES mi-
cro-fibres in PP matrix increases with increasing viscosity 
ratio (K) of MB to PP (Table II, Fig. 1, 2). The coefficient of 
variation of the diameter of microfibres ranges between 16 
and 21 %, the lowest for PTT and the highest for PET micro-
fibres. The phase structure with the smallest diameter and 
length was formed when ternary MB was added during spin-
ning of PP/PES blend fibres (Fig. 1, 2). 

The influence of the MB composition on processing the 
PP/PES blends during melting and spinning can be quantified 
by non-uniformity of the blend fibres. The coefficient of 
variation of the tenacity of fibres is a measure of internal non-
uniformity of the fibres (Table III). 

The higher uniformity in phase structure may result in 
lower mechanical properties of the blend fibres. As indicated 

in the Table III, higher tensile strength was obtained for PP/
PTT fibres and fibres based on PP and binary MB with higher 
external and internal non-uniformity of blend fibres. Finer 
phase structure of the PP/PES blend fibres leads to increased 
PP/PES interphase and lower tensile strength of the fibres. 

Fig. 3a indicates relationships between tenacity of the 
blend PP/PES fibres and viscosity ratio K of the MB to PP. 
The impact of length of PES micro-fibres in PP matrix on 
tensile strength of blend fibres is shown in Fig. 3b. The results 
also indicate the positive impact of the difference between 
power law index n of PP and MB on both internal and exter-
nal non-uniformity of the blend fibres (Tables II, III). 

 

Conclusions 
 
Phase structure of the blend fibres expressed by diameter 

(d) and length (l) of the PES micro-fibres in PP matrix is im-
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Fig. 1. Impact of MB composition (PP/PTT/PET) on change in 
diameter (d) and coefficient of variation of diameter CVd for PES 
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crofibres separated from PP matrix 

Table III 
Tenacity (T) and elongation (E) of PP/PES blend fibers and 
their coefficients of variation. Content of PES in PP fibres 
8.0 wt.% 

Fiber Composition of fiber T 
[cN/
dtex] 

CVT 
[%] 

E 
[%] 

CVE 
[%] 

1 MB1 (100PTT) 1.52 1.49 28.2 3.47 
2 MB2 (100PET) 1.27 2.16 26.7 5.93 
3 MB3 (30PTT/70PET) 1.35 1.51 29.5 5.64 
4 MB4 (70PTT/30PET) 1.50 1.52 28.0 8.46 
5 MB5 (30PP/70PTT) 1.61 1.89 26.7 5.34 
6 MB6 (70PP/30PTT) 1.57 1.40 28.0 4.23 
7 MB7 

(30PP/21PTT/49PET) 
1.39 1.59 27.5 3.62 

8 MB8 
(30PP/49PTT/21PET) 

1.44 1.36 26.7 4.17 

9 MB9 
(70PP/9PTT/21PET) 

1.32 2.07 27.9 3.35 

10 MB10 
(70PP/29PTT/9PET) 

1.37 1.26 27.7 4.53 
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Fig. 3. Impact of (a) viscosity ratio K of the MB to PP and (b) 
length of PES micro-fibres in PP matrix on tensile strength of the 
PP/PES blend fibres containing 8 wt.% of PES 
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pacted by the composition of the MB and viscosity of the 
polymer components. The relationship between the dimen-
sions of the micro-fibres and viscosity ratio (K) of the MB to 
PP was obtained with the pure polyesters and binary MB used 
during spinning. 

The relationship between the dimensions of the PES 
micro-fibres and tensile strength of the PP/PES blend fibres 
was established. 

Fibres obtained from PP and ternary blends of PP/PES, 
(MB), indicate reduced micro-fibers dimensions of length, 
diameter and their coefficient of variation. In addition the 
non-uniformity of fibres were reduced. 
 

Support of the grant agencies of Slovak Republic, APVV � 
0226-06 and VEGA � 1/4456/07, is appreciated.  
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The search for effective grafting methods of isotactic 
polypropylene (iPP) is already a fifty years history1,2. The aim 
of this effort is, in most cases, to suppress the nonpolar char-
acter of iPP by attaching to it polar functional groups or 
chains. This has led to methodologies for preparing multi-
component polymer systems based on iPP. Continued com-
mercial applications (e.g. in automotive industry) for modi-
fied iPP such as nanocomposites containing dispersed nano-
particles, supports the need for further development. Cur-
rently, the iPP compatibilizer with highest efficiency in mix-
ing with inorganic fillers, metal and polar polymers is iPP 
grafted with maleic anhydride − MAN3. 

This work is a continuation in our studies of grafting in 
the solid state4,5 for which we have also tested the transfer of 
heat from a liquid medium (water) to the reacting solid iPP 
instead of inert gas with some vapor of present monomer. The 
usual procedure for solid phase grafting consists of a mixture 
of powdered iPP containing an adsorbed mixture of peroxide 
and monomer in amorphous part of iPP particles, where the 
main reaction of grafting is realized4. This represents a hetero-

geneous material, in which heat transfer is realized slowly. 
Thermal equilibrium of the reaction mixture is reached very 
slowly. Therefore, in this study we have used water as a heat 
transfer medium. The main aim of this study is to check the 
possible role of water as heat transfer medium, to investigate 
the influence of alkyl chain in the ester group of the series of 
methacrylic monomers on the efficiency of iPP chain grafting 
and also on the hydrophilicity of the grafted iPP.  

The samples of grafted iPP with three different concen-
trations of each type of MA monomer (10, 20 and 30 wt.%) 
relating to iPP and at constant concentration of peroxide 
1.39⋅10−2 mol 100 g iPP in water medium were prepared. 
Methyl- (MMA), ethyl- (EMA), butyl- (BMA), ethyl hexyl- 
(EHMA), and dodecyl (DMA) methacrylate were used as 
comonomers. Because of the aqueous  medium, the reaction 
temperature of iPP grafting was limited to ≤ 100 °C. 7 half-
lives of the used peroxide (tert-butyl peroxy-pivalate � 
TBPPI) was chosen as sufficient time for complete peroxide 
decomposition. After elimination of alkyl-methacrylate ho-
mopolymer from prepared samples grafted iPP films 
(thickness ca 0.1 mm) were pressed. Pressed films of grafted 
iPP were scanned with a Nicolet Impact 400 Infrared spec-
trometer with 32 scans and with differentiation 4 cm−1. The 
ratio of carbonyl absorption peak at wavelength 1730 cm−1 

Fig. 1. FTIR spectra of iPP grafted by different methacrylates 

Table I 
Amount of methacrylate grafted onto iPP determined by FTIR 
spectroscopy 

 Type of comonomer MA in reaction mixture [wt.%] 
10 20 30 

Grafted methacrylate [wt.%] 
MMA 0.9 4.3 22.3 
EMA 5.8 5.6 17.0 
BMA 7.4 6.6 9.4 
EHMA 3.5 7.4 13.0 
DMA 13.4 19.6 29.5 
Gel for polyDMA [wt.%] 2.1 21.5 34.7 
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and peak at wavelength 898 cm−1 (Fig. 1) was calculated. 
DSC measurements were done and the surface energy of 
grafted iPP copolymer was also determined. 

 The content of corresponding polymethacrylate in 
grafted sample was determined from calibration curve.  

We have found out that the grafting degree is not a sim-
ple function of the alkyl chain length in MA monomer at 
grafting on iPP The highest influence on degree of grafting 
was observed at conditions of the gel effect of MMA and 
EMA (at levels of 20 to 30 wt.% of the monomer). Grafting of 
iPP with DMA resulted in a  partial crosslinking of the grafted 
polymer chains. An increase of surface energy was found due 
to grafting of methacrylic monomer. The highest polarity was 
achieved in the case of iPP grafted with MMA. 
 
The authors thank Grant Agency VEGA  for financial support 
through grant 2/0082/08. 
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In the work the comparison of mechanical properties of 
four materials which can be used in production of oil filters 
bottoms for passenger cars has been presented. For compari-
son the following materials: PA6 + 35 %GF � Itamid 35 
(Xenon), PA6 + 40 %GF � Technyl C216 V40 (Rhodia), PC � 
Novarex 7020/S85 (Mitsubishi) and PBT � Crastin S600F 10 
NC 010 (DuPont) has been chosen.  

In literature we can find only a few articles describing 
the materials used for casing and membranes for car oil fil-
ters. A. Jha and A. Bhowmick1 described the mechanical and 
thermal properties of PBT with acryl rubber used for oil mem-
branes and mechanical and rheological properties of PA6 used 
for oil filter casing3.  Z. Xu, T. Chung and Y. Huang2 de-
scribed the PEI/PVP blends. They have been tested the me-
chanical properties, mass weight, morphology and water sepa-
ration of that blends. L. White and A. Nitsch4 have been 
tested the filtration properties of PI membranes in correlation 
of types of oil used and types of impurities.  

Below has been shown the samples of two types of oil 
filters for passenger cars: spin oil filter (Fig. 1) and unwoven 
fabric oil filter (Fig. 2) produced in Wix Filtron Company in 
Gostyn (Poland).  

The measurements results of mechanical properties 
(max. tensile strength � δmax, elongation at break − ε, 
Charpy�s impact strength � Icharpy and Brinell Hardness � HB) 
are presented in Table I while the results of rheological (Melt 
Flow Index) and thermal resistant (Vicat softening tempera-
ture) properties tests in Table II.  

Fig. 1. Spin�on oil filter; 1 �sheet rubber gasket, 2 − cover, 3 − anti-
drain back valve, 4 � filter pack, 5 − casing, 6 − by-pass valve, 7 � 
compression spring (ref.5) 

Fig. 2. Unwoven fabric oil filter; 1 � sheet rubber gasket, 2 − bot-
tom, 3 � unwoven fabric, 4 � filter pack, 5 �steel core, 6 � perforated 
steel cover (ref.5) 

Table I 
Results of mechanical properties testing 

Material    δm               ε 
[MPa]          [%] 

    HB         Icharpy 
 [MPa]      [kJ m−2] 

PA6+35GF 
PA6+40GF 
PC 
PBT 

     156,7           8,2 
     180,9           5,8 
       63,6       110,1 
       51,1       352,6 

     36,9          18,7 
     39,8          11,1 
     26,5          78,1 
     16,7          19,0 
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The results of the measurements shows that all materials have 
very good mechanical properties (tensile strength above 
50 MPa, impact strength above 11 kJ m−2), good procesabil-
lity � MFI above 3 g/10 min (PBT very good � MFI above 
15 g/10 min) and high thermal resistant (Vicat softening tem-
perature above 145 °C for PC and PBT and above 200 °C for 
PA with glass fibers) what is very important for the materials 
used in the car engine chamber. Due to the market price for 
the production purposes the cheapest material � 
PA6 + 35 % GF have been selected. 
 
Author thanks �Wix Filtron� company for financing of the 
project: �Plastic materials selection for passenger cars oil 
filters�. 
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Abstract 

 
This article deals with a problem of the injection mold 

cooling. Two designs of cooling system for the same injection 
mold cavity are compared with the help of the CAE applica-
tion. Classical design created by drilling holes is confront 
with design created by DMLS (Direct Metal Laser Sintering) 
technology. 

 
 

Introduction 
 
Cooling system is very important part of the injection 

mold. Design of cooling system depends on the shape of in-
jected product. Cooling system represent unique problem that 
includes many variables: material and shape of product, mate-
rial of mold, etc. Uniform temperature field is fundamental 
principle inside the injection mold cavity. This principle is 
possible to realize in different ways. From this point of view 
designer has to be familiar with individual requirements be-
fore the injection mold project started. 

Injection mold cooling system has significant effect on 
product quality, injection cycle duration and cost of injection 
mold. Mold design is created according the experiences of 
designer or recommendation from the technical books. He is 
able to review his own cooling system design using different 
types of CAE applications. He is able to evaluate quality of 
designed cooling system but he is not able to know whether 
the structural design of the cooling system is suitable for this 
injection mold. 

Classical design of cooling system is usually done as 
drilled holes or milled channels. Tools material is very often 
substituted for the materials with very good thermal conduc-
tivity which are placed in the positions where it is very diffi-
cult to take of the heat. The cores are cooled with the help of 
baffles, cooling spirals or thermal pins. Designers very often 
solve problems with the position of cooling channels in order 
to provide the correct operation. Especially difficult is posi-
tioning of cooling channels or holes in case of complex shape 
products. Additional limitations are in location of ejectors and 
gate systems, mold strength and stiffness. Disadvantage of 
classical cooling system is necessity of channels sealing by 
reason of prevention of coolant leakage. 

There are not many possibilities how to cool complex 
mold cavity. Use of DMLS technology (Direct Metal Laser 
Sintering) is one of them. DMLS is ranked among the Rapid 
tooling or Rapid prototyping technologies. There is possible 
create any geometry of cooling system with the help of 
DMLS technology. DMLS makes possible to create cooling 
channels in the case of complex cavity geometries even in 
positions where it would be impossible to use classical design. 

 
Compared design 

 
Cooling systems in the same mold cavity created both 

by classical and DMLS technology have been compared. For 
the comparison the corner part for the packaging has been 
used. Two-plate design of injection mold with cold runner 
system and cylindrical ejector pin has been used. Cooling 
system was created in core only (left side of the injection 
mold). 

Classical design of cooling system is created by the 
drilled holes with diameter of 8 millimeters and two baffles 
which enable cool internal area of mold cavity. All drilled 
holes are sealed with plugs or O-rings. Positioning of ejectors 
bring many limitations for cooling system design. Classical 
design (Fig. 1) of the cooling system is created only by pe-
riphery of the core and from this point of view it is difficult to 
carry off the heat from the cavity. 

 
 

Table II 
Results of rheological (Melt Flow Index) and thermal         
resistant (Vicat softening temperature) tests 

Material MFI [g/10 min] Vicat softening  
temperature [°C] 

PA6+35GF 
PA6+40GF 
PC 
PBT 

4,29 
3,09 
3,94 
15,94 

218 
221 
147 
183 
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With the help of DMLS technology the complex shape 
of cooling channel is created. This channel in diameter of 
5 millimeters covers very well the internal area of mold cav-
ity. The channel is created even in these areas of mold cavity 
where it would be impossible to machine, e.g. by drilling or 
milling. The cooling channel made by DMLS technology has 
no intersection, has only input and output sealed by O-rings. 

 
Cooling analyses 

 
Moldflow Plastics Insight 6.2 has been used for cooling 

analyses. In this CAE application also the cavity, gating and 
cooling system of the mold has been defined. Two types of 
mashes (Dual Domain � 2.5D and Solid � 3D) have been 
used. All necessary correction in design of the mold cavity 
has been done to be able to obtain the best results. The both 
cooling systems were analyzed using Cool-Fill-Pack-Warp 
analysis sequence. 

 
DMLS  technology  

 
Direct Metal Laser Sintering (DMLS) is a generative 

technology which creates product in individual layers. Thus it 
is possible to build very fast and effectively any geometric 
shape without cutting. 3D CAD model of product is neces-

sary. DMLS builds product by layers according the 3D CAD 
model. Laser melts metal powder just in area of product. Ma-
terials used for DMLS: bronze, steel, stainless steel, titanium 
and Co-Cr. Product of DMLS is fully functional and homoge-
nous metal part.  
 

Discussion 
 
Cooling analyses show considerable differences between 

both designs of cooling systems results.  
Cooling channels are more or less heat stressed from 

mold cavity where the polymer is cooled. Temperature of 
cooling channel surface represents heat stress which it is 
changed over the length of channel depending on position of 
mold cavity. It is necessary to ensure less temperature differ-
ence over the length of cooling channel than 5 °C. Higher 
temperature difference induces overloading of cooling chan-
nel. Classical structural design of cooling channel is overload-
ing in baffles. Cooling channel created by DMLS technology 
does not have this problem because position of channel was 
more uniform and heat removal was more intensive. It is 
show on coolant temperature difference (input vs. output). 
Cooling channel by DMLS reached 2.25 °C and classical 
design reached 0.82 °C.  

Either design of the cooling systems show difference 
intensity of heat removal from the mold cavity. This intensity 
of heat removal depends on distance of channel from the cav-
ity, value of Reynolds number and temperature difference 
between the coolant and channel wall. The channel created by 
DMLS technology showed much more efficiency of heat 
removal because covers very well the internal area of mold 
cavity in compare with classical design. This statement was 
supported by comparison of temperature field from the both 
designs. Temperature differences both temperature fields had 
value almost 26 °C in individual areas of mold cavity. This 
fact has influence on rate of solidification of polymer in cav-
ity and number of frozen polymer layers over the thickness of 
product wall. 

 

Fig. 2. Cooling system � DMLS technology 

Fig. 1. Cooling system � classical design 

Fig. 3. DMLS technology � principle; 1 � galvanometer-scanner 
with f-Theta lens; 2 � laminated system; 3 � product of DMLS; 4 � 
structural platform; 5 � storage bin platform; 6 � storage bin; 7 � laser 
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Conclusion 
 

Classical design of the injection mold cooling system 
represents available and cheap solution. However, classical 
design does not make uniform temperature field possible and 
therefore it was impossible to remove effectively the heat 
from the mold cavity. The results of cooling analyses con-
firmed that the new design of cooling system of injection 
mold is very useful. DMLS technology is important for practi-
cal applications and enables production of complicated ge-
ometry of product or several products simultaneously. DMLS 
is new flexible method for Rapid prototyping and Rapid tool-
ing and production of tools with complex shapes of mold 
cavity in comparison with commonly used methods. 
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