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To evalua te the  inf luence of  the bee wax in the mechanica l ,  rheological  and process ing 
proper t ies  in  the  prop ylene-e thylene  copolymer ,  three formula tions  had been prepared contend 
di f ferent  amounts  of  bee wax.  The  mixture  was made in a twin screw extruder .  Sample contends 
1% w/w of  bee wax was the one that  presented the bes t  values for  the mechanica l  proper t ies ,  
fact  evidenced for  the  tensi le  tes t .  The samples  contend 3% and 6% w/w of  wax doesn’ t  
presented signi f icant  changes in the  mechanica l  proper t ies,  due  the exudation wax excess,  fac t  
cor roborate by scanning electron microscop y (SEM).  The plast ic izer  e f fect  of  t he bee wax was  
observed in dynamic mechanica l  ana lyze  (DMA),  tha t  i t  evidenced a decrease in the gla ss  
transi t ion tempera ture  for  al l  samples .  
 
Introduction  
 
The search for  new materia ls  with  the  a im of  minimize  the  envi ronmenta l  impact  produced by 
the increasing consumpt ion of raw mater ia l  d idn’ t  renew.  Problem so argued in the last  t imes,  
what  i t  has  been conducting the sc ienti s t s  to develop new products  tha t  use  the maximum of  
biodegradable  resources  in i t s compos i t ion.  Diverse t ypes of  polymeric  compos i te  us ing na tura l  
products ,  l ike coconut  f iber ,  banana f iber ,  wood dust  and carnauba wax,  a l ready are used 
cur rent ly in the industry of  the  plast ic  as  lubr icant ,  plast ic izer  and re inforcements  agents [ 1 - 3 ] .  
These products ,  beyond  present ing an excellent  ba lance  between f ina l  proper t ie s and cost ing,  
with  the  advantage  to  possess  less  amount s  of  plas t ic  mater ia l ,  when compared with  the  
convent ional  products .   
I t  has much t ime tha t  bee wax lubr icant  proper t ies are  known by the man and explored by the  
indust ry.  I t s  appl ica t ions go s ince cosme t ics  unt i l  the prepara t ion of  indust r ia l  lubr icant  agent  

[ 4 ] .  However ,  s tudies  to evalua te the inf luence of  th is product  in thermoplast ic  re sin ,  evidencing 
the possible modif icat ions in  the  mechanica l ,  thermal  proper t ies  and of  processing don’ t  exis t .   
The random copolymer of  prop ylene  and e thylene (PP random) have  excel lent  character i s t ics  of 
processabi l i t y and mechanica l  r es istance at  room tempera ture,  al l ied  to a  re la t ive ly low pr ice  
when compared wi th the other  copolymers tha t  could  be used in the same applicat ions [ 4 ] .  
However ,  for  applicat ions where  the mechanica l  resis tance a t  low tempera tures i s demanded,  the  
ma ter ia l  cannot  be  used,  therefore  i t s  glass  trans i t ion tempera ture  i s  not  so low to al low the  use  
in  these applica t ions.   
If  a  plas t icizer  agent  is going added to copol ymer PP random, a sens ible reduction in Tg can be  
obtained [ 2 - 4 ] ,  becoming the adequate ma ter ia l  for  appl ica t ions where  low tempera ture  i s one of  
the l imit ing fac tor s .   
The a im of  th is work was to evalua te the inf luence of  d if ferent  amounts  of bee  wax in the  PP 
random to s tudy i t s  possible use a s lubricant  or  p last icizer  agent .  Replac ing the pla st ic izers  
more used that  in i t s  major i ty a re  der ivate  f rom inorganics  products  or  the  oi l .  
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Experimental  
 
Material 
 
The copolymer of  prop ylene-e thylene wi th mel t  index of  1.50g/10min was used to eva lua te  the 
inf luence  of d if ferent  bee wax concentra t ion.  This  mater ial  was suppl ied by Braskem. The  wax 
was suppl ied in an onl y sol id bloc k,  which was minced to be  incorporat e in PP random. 
 
Sample Preparation 
 
The samples were  processed in the chamber  of  twin screw rheometer  f rom Haake,  wi th 
temperatures  zone off  175,  180,  185 and 190ºC,  and the screw speed maintained constant  in 40 
RPM for  al l  samples .  These condi t ions were chosen by providing be tte r  homogeniza tion of  the  
mixtures  without  the r i sk of  mater ia l  degradat ion due the  retent ion t ime in the  extruder  [ 2 ] .  
Three  samples were  prepared,  contend 1%, 3% and 6% w/w of  bee  wax,  these  samples  was  
cal led in agreement show table 1 .   
 

Table 1 – Mixture of wax concentration. 
Sample A Pure copolymer  
Sample B Copolymer with 1% of wax 
Sample C Copolymer with 3% of wax 
Sample D Copolymer with 6% of wax 

 
Tensile Test 
The tensile test samples were of type IV complying ASTM D 638-03[6] standard obta ined by thermopressing.  
The samples  were  obta ined by thermopressing at  190ºC in a  Hidra lmac thermopress  dur ing 15 
min,  be ing 10 min for  melt ing and 5  min wi th pressure  of  80 Bar .  
 An EMIC DL 300 universal tensile testing machine equipped with a data acquisition system was utilized to carry out 
the tensile tests. The speed velocity of testing was 50 mm/min and the tests carried out at a temperature of 23oC.  At 
least five specimens were tested from each condition. 
 
Melt flow index 
 
The melt flow index of the samples were measured in a Melt flow equipment of CEAST in which the samples were 
flowed through an orifice of 2.00 mm diameter during 1.0 min under loading of 2.16 Kg at 230°C (ASTM D 1238-04c). 
 
Scanning electron microscopy 
 
The Scanning electron microscopy (SEM) was made using a microscope EDAX PHILIPS XL 30.  The 
photos were obta ined in the surface of the samples  wi th previous gold cover ing.  
 
Rheological analyses 
 
The characterization in shear flow was performed at a temperature of 200oC using rotational Physica rheometer (MCR 
300) with parallel-plate geometry and diameter of 25mm. The amplitude oscillatory was performed in the frequency 
range 0.01 – 100 1/s with a strain of 5% and a gap of 1.0mm. Samples with 1.2 mm of thickness and 25 mm of diameter 
were prepared by thermopressing wi th the  same condi t ions used for  the prepara t ion of the  
samples for  mechanical  tes t .   
 
Dynamic mechanical analyse 
 
The glass transi t ion temperature (Tg)  was determined in  an equipment  DMA of  the Ne tzsch 
using the  three point  bending mode.  The range of  tempera ture  -40ºC to  40ºC,  wi th hea ting rate  
of  2ºC/min.  The  f requencies  used were 1 ,  2 and 5Hz and the  ampli tude  of  measure  of  60 µm. 
The samples  dimensions  were 50x8x2mm3  and had been prepared by thermopressing under  the  
same condi t ions used in the prepara t ion of  the  samples to mechanical  tes t .  
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Results and Discussion 
 
The obtained resul t s  had evidenced the  inf luence  of the  bee wax in the  mater ia l  charac ter i st ics .  
In the tens i le  tes t ,  the  var ia t ion of  the values of  t he mechanica l  proper t ies  wi th di fferent  
amounts of  wax can be  observed.  Sample B,  with 1% of  wax,  was the one tha t  pre sented the  
be tte r va lues for  al l  the proper t ies ,  except  in  the e longation at  the yi eld,  see table  2 .  On the  
other  hand,  samples  C  and D were  not  so s igni f icant  values of  mechanical  proper t ies ,  for  
example the  e last ic  modulus and s trength at  rupture,  when compared the  sample A.  These  
effec ts  must ,  probably,  the exudation of  the  bee wax in the samples wi th  super ior  amount of  1%.  
These resul ts  show’s tha t  1% concentrat ion,  t he wax ac ted as  re inforcement ,  increasing the  
va lues of  mechanical  proper t ies .  

 
Table 2 –  Results of mechanical properties at yield rupture 

Sample Yield strength 
(MPa) 

Elongation at 
yield   (%) 

Strength at 
rupture 
(MPa) 

Elongation at the 
rupture (%) 

Elastic modulus 
(MPa) 

A 21.78 8.02 15.92 392.86 845.48 
B 25.10 9.39 16.94 408.08 906.84 
C 21.75 9.02 9.85 399.00 711.14 
D 20.31 9.68 10.83 351.46 725.66 

 
The melt  f low index of  the  samples  were a lso modifi ed by increase  concentrat ion of  bee wax 
add,  as can be  see in table 3.   

 
Table 3 – Melt flow index of the samples. 

 
Sample Melt flow 

index 
(g/10min) 

A 1.50  
B 1.97  
C 2.34  
D 3.07  

 
For  sample B,  the increase in mel t  f low index was not  s ignif icant  when compared to the sample  
A.  However ,  for  samples  C and D growth s igni f icantly,  probably due  to  the exudat ion of  wax in  
the respective  samples .  As the mel t ing tempera ture of  the wax is re la t ive ly low, around 65ºC,  
the mater ia l  tha t  was not  incorporated to the polymer ic  matr ix migra tes  to the surface ,  ac t ing as  
externa l  lubr icant .    
The exudat ion behavior  of  the  bee  wax in  samples C and D can be observed in  the  micrographics  
obtained by scanning e lect ron microscop y (SEM).  
 

  
(a) (b) 
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(c) (d) 

Figure 1 – Micrographs of the four samples, 2000 X: (a) pure; (b) 1%; (c) 3% and (d) 6%.  
 
Compar ing the micrographs of  samples C and D,  is possibl e to obse rve  the ir regular i ty onto 
surface for  both  samples .  In the ca se  of  sample D the  wax part ic le  excess  i s  c learer .  These  
evidence showed in figure  1(c)  and 1(d)  prove  the  lubr icant  ef fec t [ 3 - 4 ]  of  the  wax in 
concent rat ions  above  of 1%.  
If  the argument i s  t rue ,  as ment ioned,  the  viscos i ty of  modif ied copolymer  wi l l  be lower  than 
pure  resin,  a s can be  ver if ied  in f igure 2 ,  to complex viscos i ty.  
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Figure 2 – Complex viscosity as a function of angular frequency. 

 
 
A s igni f icant  drop in the complex viscosi ty occurred in  the  sample B when compared wi th  a l l  
samples.  However ,  samples  C and D,  presented in termedia ted va lues of  �* in relat ion to the  
sample  A and B.  Thi s behavior  can be a t t r ibuted to the  plast ic izer  e f fec t  tha t  the 1% 
concent rat ion exer ted in  the mate ria l .   
The glass transi t ion temperature (Tg)  of  the samples  was moved to low tempera ture wi th the bee  
wax addit ion,  as can be observed in f igure 3 .  In th i s wa y the increase of  wax concentra t ion 
improve  the  cha in mobi l i t y and decreasing the  Tg.  These resul ts  were  obta ined af ter  the  
subtract ion of  exponential  background f rom each curve.   
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Figure 3 – Tan δ curves as a function of wax concentration. 

Conclusion  
 
The incorpora t ion of  the bee  wax in the PP random inf luenced i ts  mechanica l  proper t ies  a t  low 
concent rat ion.  The sample  B containing 1% of  wax was the one  tha t  improved mechanica l  
proper t ies  a s elast ic  modulus and e longat ion  at  rupture.  Rheologica l  proper t ies were also 
affec ted by the wax addit ion,  the melt  f low index decreased and the complex vi scos i ty reduced 
with  1% and increases for  the 3 and 6%,  but  with va lues lower  than the pure  one.   
The glass tr ansi t ion temperature  decrease  wi th concentrat ion which denotes  a  chain mobi l i ty   
improvement .  The SEM result s  show tha t  t he  wax exuded to the  copol ymer  surface  in the  
samples with  higher  concentrat ion,  ac tua ting a s external  lubr icant .   
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