
Scientific Achievement 
Neutron	
  sca,ering,	
  in	
  conjunc1on	
  with	
  x-­‐ray	
  diffrac1on	
  and	
  
molecular	
  dynamics	
  simula1on,	
  revealed	
  fundamental	
  processes	
  
responsible	
  for	
  morphological	
  changes	
  in	
  biomass	
  during	
  steam	
  
explosion	
  pretreatment	
  (SEP).	
  The	
  unique	
  capability	
  of	
  contrast	
  
varia1on	
  using	
  neutrons—a	
  technique	
  of	
  varying	
  the	
  sca,ering	
  
power	
  of	
  an	
  element	
  to	
  inves1gate	
  structure—was	
  cri1cal	
  to	
  
determining	
  these	
  structural	
  changes. 

Significance and Impact 
Understanding	
  biomass	
  structural	
  changes	
  during	
  pretreatment	
  
could	
  lead	
  to	
  new	
  pretreatments	
  and	
  plant	
  modifica1ons	
  that	
  
promote	
  lignin	
  and	
  hemicellulose	
  phase	
  separa1on,	
  increase	
  
porosity	
  of	
  the	
  cell	
  wall	
  matrix,	
  and	
  prevent	
  further	
  cellulose	
  
crystalliza1on.	
  All	
  offer	
  advantages	
  to	
  the	
  biofuel	
  industry	
  by	
  
accelera1ng	
  and	
  improving	
  biomass-­‐to-­‐ethanol	
  conversion.	
   

Research Details 
–  Key	
  processes	
  responsible	
  for	
  structural	
  changes	
  are	
  cellulose	
  dehydra5on	
  

and	
  lignin-­‐hemicellulose	
  phase	
  separa5on.	
  	
  
–  Basic	
  processes	
  are	
  the	
  same	
  in	
  some	
  other	
  leading	
  thermochemical	
  

pretreatments,	
  such	
  as	
  dilute	
  acid	
  pretreatment.	
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Work	
  performed	
  at	
  	
  Oak	
  Ridge	
  Na1onal	
  Laboratory’s	
  High	
  
Flux	
  Isotope	
  Reactor,	
  the	
  General-­‐Purpose	
  Small-­‐Angle	
  
Neutron	
  Sca,ering	
  Diffractometer,	
  was	
  supported	
  by	
  the	
  
Scien1fic	
  User	
  Facili1es	
  Division,	
  Office	
  of	
  Basic	
  Energy	
  
Sciences,	
  US	
  Department	
  of	
  Energy	
  (DOE).	
  This	
  research	
  is	
  
funded	
  by	
  the	
  Genomic	
  Science	
  Program,	
  Office	
  of	
  
Biological	
  and	
  Environmental	
  Research	
  ,	
  DOE.	
  

Visualiza5on	
  of	
  lignin	
  
aggrega5on	
  on	
  cellulose	
  
fibers	
  based	
  on	
  high-­‐
performance	
  computer	
  
simula5ons	
  provided	
  
comprehensive	
  
understanding.	
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(I)	
  Wide-­‐angle	
  x-­‐ray	
  fiber	
  
diffrac5on	
  and	
  (II)	
  small-­‐angle	
  
neutron	
  fiber	
  diffrac5on	
  
paberns	
  collected	
  from	
  P.	
  
tremuloides	
  chips	
  (biomass)	
  
that	
  were	
  untreated	
  (A	
  and	
  C)	
  
and	
  SEP-­‐treated	
  (B	
  and	
  D).	
  X-­‐
ray	
  diffrac5on	
  spots	
  became	
  
sharper	
  aeer	
  SEP,	
  indica5ng	
  
increased	
  cellulose	
  crystalline	
  
size,	
  and	
  an	
  equatorial	
  neutron	
  
diffrac5on	
  feature	
  (indicated	
  
by	
  black	
  arrow	
  in	
  C)	
  suggested	
  
a	
  structural	
  side-­‐by-­‐side	
  
packing	
  of	
  cellulose	
  fibrils.	
  


