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Composition of
PBX 9501

94.9% by wt. HMX (C,HgN,(NO,),)
2.5% by wt. Estane 5703 (polymeric glue)
2.5% by wt. BDNPA/F nitroplasticizer (NP)
0.1% by wt. stabilizer. DPA or Irganox.
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Estane 5703: Block copolymer

*Segmented poly(ester urethane)

*Phase separation of rigid aromatic
hard segments and flexible soft segmenis
*Coarse-grain/network models connect

chemistry (chain scission, crosslinking)
~

,\ with mechanical properties
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Free-radical oxidation VS. Hydrolysis
Crosslinking: M, or chain scission: |y M.,

Which mechanism dominates in weapons storage?




Hydrolysis — Diffusion and Sorption

RHs examined: 0, 25, 42, 76, 95% RH

— Components of PBX 9501 at multiple RH differences

Diffusion and sorption
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Modeling:  Fickian diffusion Water clustering model:
Salazar, M.R., et al.; J. Polym. Sci. B, 40, 192 (2002) W W(g) K=k /k,

Salazar, M.R. and Pack, R; J. Polym. Sci. B, 40, 181 (2002) nw (W), Ky=kqlk,
Salazar, M.R. et al. submitted to J. Appl. Polym. Sci.




Hydrolytic Degradation — Modeling
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Extent of Rxn.

Hydrolytic Degradation — Modeling
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Oxidative Degradation

PBX 9501 Constituent Aging Study (CAS)

The goal is to age PBX 9501 constituents,
detect chemical reactions which take place, to
identify products and possible reaction

mechanisms.

Age at different temperatures (40, 48, 56, 64
°C) in a dry, oxygen-free (“representative”)
environment for lifetime prediction modeling.

Three year study; over 1000 samples analyzed

Gas analysis

for CO ,, N,O, Ar, O,, NO, N,, CO,

H,, small organics

Determine Estane MW and gel solubility

Many observations consistent with oxidative
free-radical reactions and Estane crosslinking.




Oxidative Degradation

No Antioxidant Antioxidant
Sys E[X]|D]|I N/E N/X [ N/E/X [ N/D N/l | N/E/D N/E/ N/X/D N/X/I [ N/EIXID | N/E/XN | 9501/D | 9501/1
64 X [ x [ x| x|x X X X X X X X X X X X X
56 X X X X X X X X
48 X X X X X X X X
40 X X X X X X X X

N=NP
E=Estane
X=HMX
D=DPA
I=Irganox 1010

Sampling frequency and length of study varied
according to sample.
Duplicates run for each sample at each

temperature.




Oxidative Degradation Modeling
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2NP  4NO +2 N, + CO + 2NP’
2NP +2NO  4N,O + 2CO, + NP”
E+2N,0 N,+2NO+FE

2HMX + 2NO ~ 4N,O + 2N, + CO, + 2HMX’

PONE

A,=0.61x10%? (g/mol)/wk E ,=21.6 kcal/mol
A,=0.67x10%° (g/mol) 3/wk E,=29.8 kcal/mol
A;=0.41x102* (g/mol) ?/wk E ;=30 kcal/mol
A,=0.13x10%7 (g/mol) 3/wk E ,=25 kcal/mol
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Oxidative Degradation Modeling
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1. 2NP  4NO +2 N, + CO + 2NP’

2. 2NP +2NO  4N,O + 2CO, + NP”

3. E+2N,0 N,+2NO+F

4. 2ZHMX +2NO  4N,0O + 2N, + CO, + 2HMX’

11



Summary

Goal: based on experimental data,
understand and model the aging of PBX 9501
under a variety of environmental conditions

Studied and modeled: water sorption and
diffusion in components of PBX 9501

Studied and modeled: hydrolysis at multiple
temperatures and RHs

Studying and modeling: oxidation at multiple
temperatures and seeing a variety of
chemistry and cross reactions between
components
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