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PhD Proposal 

Development	
  of	
  selective	
  conductive	
  polymer	
  nanocomposites	
  CPC	
  for	
  
the	
  prevention	
  of	
  bedsores	
  
Contacts: Prof.	
  Jean-­‐François	
  FELLER,	
  Dr.	
  Mickaël	
  CASTRO	
  
	
  Smart	
  Plastics	
  Group,	
  LIMATB-­‐UBS,	
  Lorient,	
  France	
  
Jean-­‐francois.feller@univ-­‐ubs.fr,	
  mickael.castro@univ-­‐ubs.fr	
  
www.smartplasticsgroup.com	
  
Funding:	
  Region,	
  approx.	
  1500	
  €/month	
  
Duration:	
  36	
  months	
  starting	
  on	
  1st	
  September	
  2015	
  

Context	
  &	
  Scientific	
  objectives:	
  
The	
  Smart	
  Plastics	
  Group	
  of	
  LIMATB	
  (UE4250)	
  at	
  the	
  University	
  of	
  South	
  Brittany	
  (UBS)	
  has	
  worked	
  for	
  
over	
   ten	
   years	
   on	
   the	
   development	
   of	
   electrically	
   conductive	
   polymer	
   nanocomposites	
   (CPC)	
   for	
   the	
  
design	
  of	
  sensors	
  of	
  volatile	
  organic	
  compounds	
  (VOC).	
  A	
  marking	
  feature	
  of	
  these	
  sensitive	
  materials	
  is	
  
that	
  they	
  can	
  act	
  as	
  a	
  transducer,	
  i.e.,	
  converting	
  the	
  information	
  of	
  the	
  presence	
  of	
  a	
  given	
  organic	
  vapour	
  
resistive	
  into	
  an	
  electrical	
  signal.	
  This	
  principle	
  is	
  used	
  in	
  electronic	
  noses	
  (e-­‐nose),	
  which	
  are	
  mimicking	
  
the	
  mammals’	
   olfactory	
   system,	
   in	
   the	
   sense	
   that	
   the	
   identification	
   of	
   vapour	
  molecules	
   is	
   done	
   by	
   the	
  
combination	
  of	
  signals	
  of	
  thousands	
  of	
  receptors.	
  E-­‐noses	
  can	
  also	
  be	
  assembled	
  with	
  several	
  hundreds	
  of	
  
transducers	
  but	
  the	
  current	
  challenges	
  are	
  to	
  reduce	
  their	
  amount	
  by	
  increasing	
  their	
  selectivity.	
  This	
  was	
  
made	
  possible	
  by	
  the	
  discovery	
  of	
  new	
  materials.	
  Initially	
  based	
  on	
  the	
  combination	
  of	
  transducers	
  based	
  
metal	
   oxides	
   then	
   intrinsically	
   conductive	
   polymers	
   and	
   conductive	
   polymer	
   composites	
   based	
   carbon	
  
nanoparticles,	
   we	
   have	
   recently	
   shown	
   that	
   it	
  was	
   possible	
   to	
  make	
   them	
   also	
  with	
   carbon	
   nanotubes	
  
(CNT)	
  [1-­‐6,	
  20].	
  

Our	
  most	
   important	
   findings	
  are	
  related	
  to	
   the	
   fact	
   that	
   it	
   is	
  possible	
   to	
   improve	
  the	
  sensitivity	
  of	
  CNT-­‐
based	
   sensors	
  by	
   in-­‐situ	
  polymerization	
  grafting	
   [1]	
  using	
  hierarchical	
  multiscale	
   conductive	
   structures	
  
[2,	
   6,	
   20].	
   On	
   the	
   other	
   hand	
   one	
   can	
   adjust	
   the	
   selectivity	
   of	
   the	
   sensors	
   playing	
   on	
   the	
   solubility	
  
parameter	
  of	
  the	
  matrix	
  [3]	
  and	
  combining	
  CNT	
  with	
  conducting	
  polymer	
  nanoparticles	
  [4]	
  or	
  graphene	
  
nanosheets	
  of	
   [19].	
  Recent	
  studies	
  have	
  shown	
  that	
  the	
  analysis	
  of	
  VOC	
  in	
  patients’	
  breath	
  with	
  e-­‐noses	
  
and	
   /	
   or	
   chromatography	
   allowed	
   the	
   early	
   diagnosis	
   of	
   certain	
   lung	
   cancers	
   [7-­‐9],	
   skin	
   [10]	
   or	
   even	
  
prostate	
  [11].	
  This	
  is	
  why	
  we	
  have	
  focused	
  our	
  recent	
  work	
  on	
  the	
  detection	
  of	
  biomarkers	
  [5,	
  19-­‐20].	
  

More	
  recently	
  conductive	
  polymer	
  nanocomposites	
  CPC	
  proved	
   to	
  be	
  sensitive	
   to	
  strain	
  and	
   thus	
   found	
  
important	
  applications	
   in	
   the	
   field	
  of	
  structural	
  health	
  monitoring	
  of	
  composites	
   [12-­‐15]	
  and	
   intelligent	
  
textiles	
  used	
  for	
  body	
  motion	
  monitoring	
  [16-­‐19].	
  

The	
  specific	
  PhD	
  subject	
  concerns	
  the	
  development	
  of	
  multifunctional	
  conductive	
  polymer	
  nanocomposite	
  
sensors	
   that	
   will	
   be	
   selective	
   to	
   biomarkers	
   (VOC)	
   released	
   from	
   skin	
  with	
   and	
  without	
   bedsores	
   and	
  
sensitive	
  to	
  deformations,	
   to	
  diagnose	
  the	
  advancement	
  of	
   the	
  disease.	
   In	
  this	
  perspective	
   it	
  seems	
  very	
  
interesting	
  to	
  combine	
  our	
  expertise	
  in	
  physical	
  chemistry	
  of	
  nanocomposites	
  and	
  smart	
  plastics	
  to	
  those	
  
of	
   the	
   Kerpape	
   Center	
   for	
   Functional	
   Recovery	
   and	
   Hill-­‐Rom	
   Company,	
   in	
   the	
   practical	
   study	
   of	
  
pathologies	
  associated	
  to	
  bedsores	
  and	
  strategies	
  to	
  limit	
  their	
  development.	
  

Required	
  skills	
  

Applicants	
   should	
   hold	
   a	
   Master	
   degree	
   in	
   polymer	
   science.	
   A	
   background	
   in	
   synthesis	
   and	
  
characterization	
  of	
  nanocomposites	
  will	
  be	
  appreciated.	
  Ideally,	
  he/she	
  should	
  also	
  have	
  some	
  expertise	
  
in	
   biology,	
   chemistry,	
   electronics	
   or	
   mechanics.	
   Team	
   capability,	
   organizational	
   talents	
   and	
   very	
   good	
  
skills	
  in	
  English	
  are	
  required.	
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