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Mo.va.on	
  &	
  Background	
  
•  Cold	
  weather	
  clothing	
  (e.g.	
  ECWS)	
  
•  Reduce	
  layering/add	
  ac.ve	
  layer	
  
•  Novel	
  applica.on	
  in	
  lightweight	
  

ac.ve	
  insula.on	
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•  Aerogels	
  well	
  known	
  for	
  low	
  
thermal	
  conduc.vi.es	
  and	
  density	
  

•  Silica	
  aerogels	
  characteris.cally	
  
briNle	
  	
  

•  Carbon	
  Aerogels	
  can	
  be	
  processed	
  
flexibly	
  and	
  conduc.vely	
  	
  
–  Plethora	
  of	
  processing	
  

methodologies	
  exist	
  with	
  varying	
  
final	
  proper.es	
  

–  May	
  be	
  possible	
  to	
  joule	
  heat	
  an	
  
aerogel	
  fabric	
  to	
  improve	
  cold	
  
weather	
  performance	
  World's	
  lightest	
  material	
  a	
  possible	
  fix	
  for	
  heavy	
  problems	
  

[Video	
  file].	
  (2013,	
  May	
  15)	
  Retrieved	
  from	
  hEps://youtu.be/
3bIXUBXj070	
  



Target	
  Proper.es	
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Desired	
  
Material	
  	
  

Flexible	
  

Electrically	
  
Conduc.ve	
  

Thermally	
  
Insula.ng	
  

…What	
  process/property	
  
relaQonships	
  does	
  the	
  
literature	
  describe?	
  

Reduced	
  
Graphene	
  
Oxide	
  

Carbon	
  Fiber	
  
Reinforced	
  RF	
  

Aerogel	
  

RF	
  Pyrolysis	
  

?	
  



Research	
  Ques.ons	
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(i)	
  What	
  is	
  the	
  relaQonship	
  
between	
  carbon	
  fiber	
  content	
  
and	
  electrical	
  conducQvity?	
  

(ii)	
  Can	
  a	
  carbon	
  fiber	
  
reinforced	
  carbon	
  aerogel	
  be	
  
joule	
  heated	
  to	
  improve	
  cold	
  
weather	
  performance?	
  
	
  

(iii)	
  How	
  would	
  such	
  an	
  
aerogel	
  be	
  fabricated	
  if	
  
possible?	
  
	
  

Microstructure	
  

Electrical	
  
Proper.es	
  

Thermal	
  
Performance	
  

Predict	
  Process/Property	
  RelaQonship	
  



Modelling	
  Microstructure	
  
AssumpJons	
  
•  2-­‐D	
  Microstructure	
  

–  Yields	
  a	
  sheet	
  resistance	
  

•  Fiber	
  geometry	
  fixed	
  
•  Pore	
  distribu.on	
  is	
  uniform	
  	
  throughout	
  

aerogel	
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Approach	
  
1.  Define	
  Fibers	
  

a.  Generate	
  a	
  random	
  star.ng	
  
point	
  

b.  Generate	
  endpoint	
  as	
  
func.on	
  of	
  orienta.on	
  

i.  Generate	
  a	
  random	
  angle	
  
ii.  Determine	
  final	
  x,y,	
  based	
  

on	
  fixed	
  fiber	
  length	
  
2.  Fill	
  a	
  mesh	
  of	
  aerogel	
  

points	
  around	
  lines	
  
3.  Define	
  points	
  and	
  line	
  
–  Blue	
  is	
  Carbon	
  Aerogel	
  
–  Red	
  is	
  Carbon	
  Fiber	
  



EquaJon	
  2	
  

Modelling	
  Electronic	
  Proper.es	
  
AssumpJons	
  
•  Discrete	
  line	
  scans	
  

–  Counteract	
  2-­‐D	
  con.nuity	
  issue	
  

•  No	
  tunneling	
  through	
  pores	
  
•  Tunneling	
  between	
  fibers	
  can	
  be	
  

modelled	
  as	
  a	
  contact	
  resistance	
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Approach	
  

Equivalent	
  Circuit	
  Model	
  	
  
1.  Consider	
  each	
  ver.cal	
  line	
  

as	
  a	
  parallel	
  resistor	
  
2.  Find	
  resistance	
  in	
  each	
  line	
  

scan	
  (EquaJon	
  1a	
  and	
  1b)	
  
3.  Sum	
  resistances	
  across	
  

parallel	
  circuit	
  (EquaJon	
  2)	
  
4.  Spread	
  of	
  resis.vity	
  -­‐vs-­‐	
  

fiber	
  content	
  
	
  

EquaJon	
  1a	
  

EquaJon	
  1b	
  



•  Body	
  Geometry	
  
–  Height	
  ‘h’	
  =	
  1.83m	
  
–  Radius	
  ‘r’	
  =	
  13cm	
  
–  Mass	
  ‘m’	
  =	
  90.72kg	
  
–  Insula.ng	
  Thickness	
  ‘x’	
  

•  Only	
  consider	
  conduc.on	
  
–  Thermal	
  Conduc.vity	
  ‘k’	
  =	
  0.072	
  W/m-­‐K	
  

•  Assume	
  any	
  joule	
  heat	
  goes	
  into	
  body	
  
•  All	
  fluxes	
  are	
  constant	
  across	
  surface	
  
•  Simula.on	
  performed	
  at	
  room	
  

temperature	
  

Modelling	
  Thermal	
  Performance	
  
AssumpJons	
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Approach	
  
1.  Account	
  for	
  heat	
  in	
  body	
  currently	
  	
  	
  
	
  
	
  
2.  Account	
  For	
  Fluxes	
  

a.  Out	
  
	
  
b.  In	
  
	
  

i.  Homeostasis	
  Control	
  
c.  ‘Joule	
  flux’	
  

	
  

3.  Iterate	
  Through	
  0:dt:tf	
  
a.  Sum	
  Fluxes	
  

b.  Check	
  Tbody	
  

2400kcal/dayà116W

	
  

r x

h



CriQcal	
  insulaQng	
  thickness	
  found	
  to	
  be	
  
approximately	
  8.5cm	
  at	
  -­‐20	
  degrees	
  

Fahrenheit	
  

Homeostasis	
  control	
  algorithm	
  
implemented	
  in	
  each	
  Qme	
  step.	
  
Heat	
  generaQon	
  rate	
  of	
  0.5W/s	
  
used	
  as	
  placeholder	
  for	
  the	
  

Qme	
  being	
  	
  

Modelling	
  Results	
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CriQcal	
  insulaQng	
  thickness	
  found	
  to	
  be	
  
approximately	
  12.5cm	
  at	
  -­‐60	
  degrees	
  

Fahrenheit	
  



Modeling	
  Results	
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ResisQvity	
  as	
  a	
  funcQon	
  of	
  carbon	
  fiber	
  volume	
  
fracQon.	
  



Idealized	
  Synthesis	
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Current	
  Processing	
  Restraints	
  
	
  

-­‐Supercri.cal	
  drier	
  
-­‐Vacuum	
  for	
  impregna.on	
  of	
  PAN	
  fibers	
  
-­‐Furnace	
  for	
  carboniza.on	
  
	
  



Processing	
  Methodologies	
  

	
  
	
  

	
  
	
  

	
  
√	
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Performed	
  Synthesis	
  
●  Mix	
  DI	
  water,	
  resorcinol,	
  formaldehyde,	
  and	
  sodium	
  carbonate	
  

o  W/R	
  =	
  90,	
  R/C	
  =	
  481,	
  F/R	
  =	
  2.008	
  
●  Impregnate	
  Pyron®	
  Fibers	
  for	
  composite	
  creaQon	
  
●  Heat	
  at	
  50	
  C	
  for	
  1	
  day,	
  95	
  C	
  for	
  2	
  days	
  for	
  gelaQon	
  to	
  occur	
  
●  Ambient	
  drying	
  and	
  freeze	
  drying	
  of	
  Carbon	
  Aerogel	
  

o  Freeze	
  drying	
  in	
  order	
  to	
  do	
  characteriza.on	
  on	
  .me	
  and	
  ambient	
  drying	
  as	
  
a	
  proof	
  of	
  concept	
  

Impregnate	
  PAN	
  fibers	
   GelaJon	
  

Solvent	
  Exchange	
  +	
  
Ambient	
  Drying	
  

Freeze	
  Drying	
   CARBONIZE?	
  

RF	
  soluJon	
  +	
  Na2CO3	
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Future	
  Work	
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Electrical	
  Modeling	
  
	
  

•  Consider	
  a	
  3-­‐D	
  microstructure	
  
	
  
•  Consider	
  2-­‐D	
  and	
  3-­‐D	
  electron	
  mobility	
  

•  Consider	
  temperature	
  effects	
  on	
  
electron	
  mobility	
  

Thermal	
  Modeling	
  
	
  

•  Consider	
  fiber	
  content	
  effect	
  on	
  ‘k’	
  
	
  
•  Consider	
  radia.on	
  and	
  convec.ve	
  

losses	
  

•  Consider	
  temperature	
  effects	
  on	
  
thermal	
  proper.es	
  

CharacterizaJon	
  
	
  

•  Confirm	
  thermal	
  conduc.vity	
  via	
  
Differen.al	
  Scanning	
  Calorimetry	
  

	
  
•  Confirm	
  resis.vity	
  via	
  4-­‐pt	
  probe	
  

measurements	
  

•  Perform	
  fa.gue	
  tests	
  to	
  quan.fy	
  
flexibility	
  

Aerogel	
  Synthesis	
  
	
  

•  Supercri.cally	
  dry	
  samples	
  in	
  liquid	
  CO2	
  

•  Carbonize	
  at	
  1000C	
  in	
  N2	
  
environment	
  

•  Consider	
  variety	
  of	
  geometries	
  and	
  
fiber	
  contents	
  



Conclusions	
  
•  Created	
  a	
  theore.cal	
  model	
  of	
  electrical	
  resis.vity	
  as	
  a	
  func.on	
  of	
  

carbon	
  fiber	
  content	
  
•  Modeled	
  thermal	
  performance	
  via	
  conduc.ve	
  heat	
  losses	
  to	
  quan.fy	
  

performance	
  
•  Joule	
  hea.ng	
  effects	
  found	
  insubstan.al	
  in	
  current	
  geometry	
  

–  May	
  s.ll	
  find	
  applica.on	
  in	
  different	
  geometries	
  

•  Designed	
  process	
  for	
  synthesis	
  of	
  idealized	
  aerogel	
  
–  Unable	
  to	
  perform	
  synthesis	
  due	
  to	
  inaccessible	
  processing	
  tools	
  
–  Characteriza.on	
  not	
  currently	
  possible	
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Ques.ons?	
  



Aux	
  -­‐	
  Tunneling	
  between	
  aerogel	
  
and	
  fibers	
  



Aux	
  -­‐	
  Tunneling	
  through	
  pores	
  

E	
  >	
  V0	
  
	
  
	
  
	
  
E	
  =	
  V0	
  



Aux-­‐	
  Equivalent	
  Circuit	
  Diagram	
  

	
  

	
  

	
  

	
  

Equivalent	
  circuit	
  diagram	
  for	
  the	
  CFCA	
  composite	
  with	
  a	
  width	
  of	
  two	
  
columns/lines.	
  R(tunneling	
  f	
  to	
  a)	
  is	
  the	
  tunneling	
  resistance	
  from	
  
fiber	
  to	
  aerogel	
  and	
  R(tunneling	
  a	
  to	
  f)	
  is	
  the	
  tunneling	
  resistance	
  

from	
  aerogel	
  to	
  fiber.	
  

	
  


