
Kinet ic  S tudy Of The Cr ysta l l izat ion Of 
LLDPE And Wax In LLDPE/wax Phase-change 
Blends Used For Thermal  Energ y Storage

Phase-change mater ia ls  are  used to s tore  and re lease  energ y through phase changes , be  i t  melt ing 
and sol idi f icat ion processes  or  sol id  s tate  phase transi t ions . Among a  large number of  phase-change 
mater ia ls  are  paraffin waxes  that  s tore  and re lease  large amounts  of  thermal  energ y through melt ing and 
sol idi f icat ion. S ince molten wax has  a  low viscos i t y, i t  i s  impor tant  to  contain the wax in some medium. 
A lot  of  research has  gone into the preparat ion and character izat ion of  immiscible  polymer/wax blends 
in which the wax cr ysta l l izes  separate ly  in  the amorphous phase of  the polymer. These wax cr ysta ls  can 
then melt  and sol idi fy  without  af fect ing the polymer, which should have a  s ignificant ly  higher  melt ing 
temperature  than the wax. I t  i s , however, poss ible  for  some of  the wax to co-cr ysta l l ize  with the polymer, 
in  which case  this  wax fract ion wi l l  not  be avai lable  for  thermal  energ y storage, making the system less 
ef fect ive  as  a  phase-change blend. 
 
The purpose of  the presented research is  to  s tudy se l f-nuc leat ion (SN), SSA thermal  f ract ionat ion, 
i sothermal  cr ysta l l izat ion kinet ics  and the morpholog y of  each of  the const i tuents  of  LLDPE/wax 
blends as  a  funct ion of  composit ion. SN was per formed in order  to  determine the ideal  se l f-nuc leat ion 
temperature  (Ts( ideal) )  for  thermal  f ract ionat ion, which is  the temperature  that  causes  maximum SN 
without  any anneal ing. I t  was  per formed on pure LLDPE, s ince this  i s  the blend component  that  melts 
at  a  higher  temperature  (Tm = 124 °C). For  this  par t icular  LLDPE  Ts( ideal)  was  123 °C. Thermal 
f ract ionat ion was per formed using success ive  se l f-nuc leat ion and anneal ing (SSA) in order  to  obser ve 
whether  there  i s  poss ible  co-cr ysta l l izat ion or  phase segregat ion between the components  in  the blend. 
SSA is  ver y  sensi t ive  to  branches  or  any other  defect  that  interrupts  the methy lene l inear  sequence which 
cr ysta l l izes . The a lpha olefin in LLDPE is  a  defect  s ince i t  introduces  a  branch point , and we obser ved 
severa l  melt ing peaks  af ter  thermal  f ract ionat ion. Sof t  paraf fin wax i s  made of  a  polydisperse  col lect ion 
of  l inear  chains . I t  i s  not  sensi t ive  to  f ract ionat ion, s ince the technique and especia l l y  the f ract ionat ion 
condit ions  are  rather  insensi t ive  to  molecular  weight  di f ferences . This  i s  an indicat ion that  sof t  paraf fin 
wax i s  essent ia l l y  l inear  and is  not  suscept ible  to  thermal  f ract ionat ion.  The resul ts  obtained by SSA 
indicate  that  the wax acts  as  a  solvent  for  LLDPE inducing a  'd i lut ion ef fect '  without  co-cr ysta l l izat ion. 
However, the amount of  wax cr ysta ls  in  the blend is  c lear ly  less  than what  i s  expected from the amount 
of  wax ini t ia l l y  mixed into the LLDPE, which we expla ined as  being the resul t  of  indiv idual  wax chains 
being trapped in the LLDPE matr ix  dur ing LLDPE cr ysta l l izat ion.This  presentat ion repor ts  on the 
resul ts  of  cr ysta l l izat ion kinet ics  and morpholog y studies  on this  system. 

Energy & Environment

aluyt@qu.edu.qa
Corresponding author : 

EEPP0349

Thandi Gumede; Adriaan Stephanus Luyt, D.sc.; Alejandro Muller

Qatar  Univers i t y, Doha, Qatar

10.5339/qfarc .2014.EEPP0349

A b s t r a c t


