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Introduc-on	
  
§  Composi-on	
  B	
  (Comp-­‐B)	
  explosives	
  consist	
  of	
  mixtures	
  of	
  RDX	
  

and	
  TNT,	
  and	
  a	
  desensi-zing	
  wax.	
  	
  
§  Developed	
  prior	
  to	
  WWI	
  and	
  used	
  in	
  mortar	
  shells,	
  torpedoes,	
  

demoli-on	
  charges,	
  warheads,	
  shaped	
  charges,	
  and	
  bombs.	
  
§  Prepared	
  by	
  mel-ng	
  TNT	
  in	
  a	
  steam-­‐jacketed	
  keVle,	
  adding	
  

wet	
  RDX	
  slowly,	
  hea-ng	
  and	
  s-rring	
  un-l	
  the	
  water	
  is	
  
evaporated.	
  Comp-­‐B	
  is	
  cast	
  into	
  desired	
  shape	
  and	
  cooled.	
  

§  Comp-­‐B	
  is	
  easy	
  to	
  process,	
  has	
  a	
  high	
  detona-on	
  pressure,	
  
but	
  fails	
  many	
  insensi-ve	
  muni-ons	
  (IM)	
  requirements.	
  	
  

§  Comp-­‐B	
  does	
  not	
  always	
  pass	
  slow	
  and	
  fast	
  cookoff	
  IM	
  tests.	
  
Consequently,	
  the	
  response	
  of	
  Comp-­‐B	
  during	
  an	
  accident,	
  
such	
  as	
  a	
  fire,	
  is	
  important	
  for	
  safety	
  analysis.	
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Differen-al	
  Scanning	
  Calorimeter	
  
§  To	
  our	
  knowledge,	
  this	
  is	
  

the	
  first	
  -me	
  the	
  RDX	
  melt	
  
endotherm	
  has	
  been	
  shown	
  
in	
  a	
  DSC	
  of	
  Comp-­‐B.	
  

§  BeVer	
  heat	
  transfer	
  slows	
  
the	
  exothermic	
  release	
  in	
  
the	
  open	
  DSC.	
  

§  RDX	
  melt	
  obscured	
  by	
  
exotherm	
  in	
  sealed	
  DSC.	
  

§  TNT	
  melt	
  and	
  RDX	
  
dissolu-on	
  are	
  similar	
  in	
  
vented	
  vs.	
  sealed	
  DSC.	
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Pressure	
  affects	
  mixing/heat	
  transfer	
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Ven-ng	
  has	
  a	
  significant	
  effect	
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• Bubbly	
  two-­‐
phase	
  flow	
  
increases	
  heat	
  
transfer	
  and	
  
delays	
  igni-on.	
  

• Higher	
  
pressure	
  
causes	
  large	
  
bubbles	
  to	
  
escape	
  along	
  
the	
  edge	
  of	
  the	
  
Comp-­‐B.	
  

Temperatures Observations 



One-­‐Dimensional	
  Time-­‐to-­‐eXplosion	
  (ODTX)	
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Model	
  Features	
  
§  One-­‐step,	
  first-­‐order	
  mechanism	
  
§  Distributed	
  Arrhenius	
  rate	
  	
  
§  Product	
  hierarchy	
  from	
  equilibrium	
  calcula-ons	
  
§  Liquefac-on	
  and	
  dissolu-on	
  modeled	
  thermodynamically	
  
§  Liquid	
  rates	
  are	
  30	
  -mes	
  larger	
  than	
  solid	
  rates	
  
§  One	
  energy	
  equa-on	
  and	
  three	
  con-nuity	
  equa-ons	
  for	
  

Comp-­‐B,	
  Gas,	
  and	
  Carbon.	
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1.09 N2 + 1.08 H2O + 0.79 CO2 + 0.11 CH4 + 0.02 H2+ 1.13 C C2.03H2.64N2.18O2.66 

  r = Aλ exp − E +ξσ E( ) / RT⎡⎣ ⎤⎦[compb]  
d
dt [gas] == +3.09r   

d
dt [carbon] = +1.13r  

d
dt [compb] = −r

3.09 Gas + 1.13 C + 5.87×106 Jkg-1 Comp-B 

  
ρCp

∂T
∂t

= ∇⋅(k∇T )+ rhrxn Mw,compb



SITI	
  model	
  results	
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Igni-on	
  plots	
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ODTX (orange) SITI (cyan) 

Need more vented data and data taken in larger geometries. 
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Conclusions	
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§  Comp-­‐B	
  decomposes	
  differently	
  as	
  a	
  mixture	
  than	
  the	
  
individual	
  components	
  RDX	
  and	
  HMX.	
  

§  TNT	
  melts	
  between	
  77-­‐102°C	
  in	
  Comp-­‐B.	
  
§  The	
  RDX	
  suspension	
  in	
  hot	
  TNT	
  dissolves	
  between	
  
147-­‐187°C.	
  

§  The	
  dissolu-on	
  of	
  RDX	
  is	
  not	
  as	
  sharp	
  as	
  a	
  phase	
  change	
  
and	
  favors	
  a	
  distributed	
  ac-va-on	
  energy	
  model.	
  

§ Mel-ng	
  of	
  RDX	
  is	
  obscured	
  by	
  the	
  exotherm	
  in	
  published	
  
DSC	
  data.	
  However,	
  mel-ng	
  is	
  observed	
  when	
  hea-ng	
  
slowly	
  in	
  an	
  open	
  system.	
  

§ More	
  data	
  is	
  needed	
  for	
  both	
  sealed	
  and	
  vented	
  systems.	
  
§ More	
  data	
  is	
  needed	
  for	
  large-­‐scale	
  systems.	
  


