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Project Aims

* Prepare 5 inert PBX binder formulations using
nitrocellulose polymer and a series of nitroaromatic
plasticiser

« Characterisation of formulations that form gels

* |Investigation of the molecular dynamics of the small
plasticiser molecules in the NC matrix using NMR

« Characterisation of bulk physical properties of the
binders using rheological measurements.
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M Binder Formulations

NC + a) ethylbenzene (EB) Film
b) mononitroethylbenzene (MNEB) Gel
c) dinitroethylbenzene (DNEB) Gel
d) trinitroethylbenzene (TNEB) Solid
e) K10 (DNEB (65%) TNEB (35%)) Gel
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Binder Formulations

EB + NC MNEB + NC

K10 + NC

TNEB + NC DNEB + NC
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Rheology — Amplitude Sweep

« Oscillation expt. Stress sweep at constant frequency to find
linear viscoelastic region and good signal.
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« (G’ greater than G” for each gel — more Elastic than viscous.
- Relative ‘rigidity’ of gels:
DNEB + NC <K10 + NC < MNEB + NC A University of
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Rheology — Oscillation at Elevated Temperatures
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Rheology — Oscillation at Sub-ambient Temperatures

+G'250C
1000000 - '
R aussasttt 6" 250C 100000 Lo
b, assan ut 4 4G'-200C " ¢ G"250C
aadabastitaaas . akAd 4 G'-200C
100000 WYy ‘ 4G -200C ““u“uu e 4 G"-200C
a A AAAAAA‘AAAA aAAAL
& oo S 10000 - 4 Laaadsd
= = aahaast coste?
2] Rade » AAAAAL PRYX 24
% 10000 - M E AAA '.'.0000
° 3 oo’ .
2 - 5] oo PRI
= = 1000 A n::..o...u"""' .
1000 *°
100 . . . . ) 100 T T T T .
0.00 0.01 0.10 1.00 10.00 100.00 0.001 0.01 0.1 1 10 100
Freq/Hz Freq/Hz
MNEB binder DNEB binder
1.00E+09 - . + G 250C
. + G"250C
, ’ ”
1.00E+08 - e " " omw 4 G'-100C ° L G d G t
St arge G’ an a
1.00E+07 "o - N I = G'-200C 0 .
; .o -20°C for K10 bind
o -
C— .. or Inaer.
E
S 1.00E+05 s
AA
= nnAAAMAAA““““““m“::::::: ‘““A::
1.00E+04 n“mnono“““0““0»000“.0”0“
Sbaba PUPUR
pos .
« Possible phase
1.00E+02 ‘ ‘ ‘ ‘ ‘
0.001 0.010 0.100 1.000 10.000 100.000 tra n S Itl O n

Freq/Hz

K10 binder

% University of
ikl BRISTOL




Modulus / Pa
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Modulus versus Temperature Plot at 0.01 Hz
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Time-temperature Superposition
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M Doi and S. F. Edwards, The Theory of Polymer Dynamics

*Rheology dominated by NC not small
molecule plasticiser

*Evidence of highly concentrated solution of entangled polymer,

not cross linked gel B University of
BRISTOL




M Creep Recovery

Stress applied to sample and strain measured.

Stress is removed after being applied for a time.

If no flow has occurred = strain gradually recovers to zero.

If some flow has occurred = strain does not recover to zero.
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NMR — T2 of Gels

T, is a time constant which is related to molecular dynamics by:
1 T

—=A ~— + Bz,
T, 1+ o°r,
1. = Molecular Correlation Time _
o is the Larmor frequency and Aromatic ; Aliphatic
A and B are constants. protons \ ;’“H and NC
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Spectrum K10 + NC gel
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NMR — Diffusion of Gels

Pulse Field Gradient (PFG) NMR used to find translational

diffusion co-efficient

Larmor equation: o = vB,

B, spatially homogeneous, ® same throughout sample

However, if in addition to B, magnetic field gradient applied...
...Larmor frequency varies with position and becomes a

spatial label.
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@ NMR — Diffusion Gels

Whole molecule has same
diffusion coefficient

Relative ordering of gels
according to D:

K10 (DNEB + TNEB) < DNEB < MNEB
(consistent with T,)
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Conclusions

Three formulations formed gels.

Bulk Properties:
- Rheological properties of the gels dominated by NC polymer

Molecular Dynamics:

- T, and diffusion coefficients of small molecules within gels.

- Increasing molecular mobility with decreasing molecular
size.

- Molecular dynamics dominated by small molecule

plasticisers.

Evidence that gels are concentrated solutions of entangled
polymer, not cross linked gels.
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