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Studies on Rheological Properties of Gelled Propellant Based on
New Energetic Cellulose

Li, Shaoyi Shao, Zigiang* Zhang, Zhenling Wang, Huiqing Wang, Wenjun
(School of Materias Science and Engineering, Beijing Institute of Technology, Beijing 100081)

Abstract The nitromethane (NM) gels was prepared with carboxymethyl cellulose nitrate (CMCN) as a
gelator. The law of different rheological properties of NM/CMCN gels caused by the proportional change of
modified group on CMCN was investigated. The yield stress, thixotropy, creep and thermosensitivity of
NM/CMCN gels were investigated by linear rheological methods and the gel mechanism was discussed. The
flow data, creep data, angular frequency data and thermosensitivity data of gels were fitted by
Herschel-Bulkley model, Burger model, Carreau-Yasuda model and Andrade-Eyring model respectively.
The experimental results show that NM/CMCN gel is a physical gel with a crosslinking network structure
which is formed by non-covalent interaction of hydrophobic bonds and interchain hydrogen bonds between
amphiphilic group along the macromolecular chain of CMCN and small organic molecules. The
non-Newton coefficient n of CMCN gels are all less than 0.60. With the decrease of the content of nitrate
group, structure strength of NM/CMCN gels become weaker, therefore, the yield stress decrease while
thixotropy recovery increase gradually, the viscous compliance and elastic compliance of gel decrease while
the proportion of viscous compliance increase. The elastic responsivity decreases while viscous responsivity
increase, and the internal friction increases gradually. The activation energy of NM/CMCN gels increase
from the global aspect and temperature stability become weaker with the decrease of the content of nitrate

group.
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Table 1 Rheological parameters of NM/CMCN gels

Power-Law model

Herschel-Bulkley model

Sample

n K/(Pass") R? n K/(Pass") 7,00 /P2 R’
GP-1 0.39 240.98 0.9972 0.48 185.48 50.04 0.9997
GP-2 0.44 156.07 0.9991 0.48 139.08 15.32 0.9996
GP-3 0.55 135.37 0.9991 0.57 128.87 5.87 0.9992
GP-4 0.55 125.95 0.9978 0.57 120.87 4.58 0.9979
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Table 2 Rheological data of three interval thixotropy test

Total structure
Structure recovery Structure recovery

Sample . . recovery ratio

P ratio after 10 s/%  ratio after 60 s/% after 25)2) %
GP-1 83.71 87.50 88.02
GP-2 84.71 92.03 93.64
GP-3 88.42 95.02 99.42
GP-4 97.53 98.98 99.87
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Figure 4 Creep and recovery curves of different NM/CMCN
gels (a) and typical creep parameters (b)
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Table 3 Rheological parameters of creep experiments

Sample J, /Pa! J,/Pa’! J,/Pa’! J.../Pa’! AT JJ, J s
GP-1 1.05X1073 2.57X 1072 0.03 0.05 45.59% 83.77% 0.09
GP-2 1.84X10°° 3.56X 102 0.13 0.16 22.07% 28.32% 0.30
GP-3 2.12X10°° 5.18 X102 0.56 0.61 8.43% 9.21% 1.47
GP-4 2.29%107° 6.01X1072 0.77 0.83 7.20% 7.76% 2.33
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Table 4 Rheological parameters of dynamic viscoelasticity
experiments

Carreau-Yasuda Model Strain experiment

Sample
n 1, /(Pass) R? Toow /P2
GP-1 035 22538 0.9976 454.86
GP-2 037 10834 0.9841 330.92
GP-3 037 4259 0.9954 395.87
GP-4 0.39 3416 0.9922 221.79
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Figure 7 Temperature sweep curves of NM/CMCN gels:
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Table 5 Rheological parameters of temperature experiments

Andrade-Eyring model

Sample -
Al(Pass) E/(kJemol™") R’
GP-1 1.627 9.786 0.9772
GP-2 0.624 11.375 0.9930
GP-3 0.191 13.547 0.9923
GP-4 0.201 12.960 0.9882
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