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ABSTRACT

Ferrocene and ferrocene derivatives have been widely used as a burning rate catalyst for composite solid

propellants. However, its tendency to migrate through the propellant grain and to crystallize at the surface changes

the composition of propellant which results in unpredictable burning rate. To overcome the weakness of ferrocene

catalyst, we designed a polymer containing ferrocene, poly(glycidyl azide-co-glycidyl ferrocenyl ether) (GAFP).
GAFPs were synthesized from poly(epichlorohydrin-co-glycidyl ferrocenyl ether) (PEGF) which has ferrocenyl ethers

in its pendant groups.

The structures of GAFPs were confirmed by FT-IR, 'H and C NMR spectral analyses. Thermal properties of
the GAFPs were evaluated using differential scanning calorimeter (DSC). As the contents of ferrocene increased,
the glass transition temperature (T,) of the GAFPs shifted to a higher temperature, and the decomposition
temperature (Ty) decreased because the ferrocene worked as a burning rate catalyst.
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Fig. 2. Synthesis of GAFP from PECH
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Table 1. Reaction conditions and results for synthesis of PEGFs

Alsfa [PECH]:[FcCH20H]:[NaOH] E0 MM TE2(%) H2M &2K%)°
1 1:01:0.1 DMSO 1a 23 trace
2 1:02:02 DMSO 1b 26 6
3 1:03:03 DMSO 1c 21 9

PECH 0.5 g(5.4 mmol) 7|52, A& 40 A7 &1 5 mL, "4 E(1a-¢)2] “C NMR A EZH|A PECH FA}&ol 0 methine I
2 7Fo R W3 A3} 39 _CH,Cl I (45.7-43.3 ppm)e] W2 Wss #Hl24 oz Ak

Table 1614 A3 1-3¢] ¥h3- A5 gR1g &+ vk
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1803 em™eoll A AjFAl LFERATE

PECH
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ESA BEF AFo]l AAlForwt st F=dd ~— N\ NG \de
F715S KCO:E AF3 & Aol 498 109t & V\M\[N
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Ao A RS 222 AATE BAE PHE et O @“"‘\/"V'
1coll 28314 209} 2¢ 2471 49315 t(Table 2). i
= N\ @vw\fv -
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Fig. 4. '"H NMR spectra of PECH and 1a—c(in CDCls)
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Fig. 5. C NMR spectra of PECH and 1a—c(in CDCls)
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Fig. 7. 'H and "®C NMR spectra of 2a—c(in CDCls)
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Table 3. Molecular weights of synthesized polymers 220.5°C
M M, PDI JL
PECH 2200 2800 1.3 —_
\U) 2a 213.0°C
1a 2900 3400 12 %
1b 2800 3500 12 2
5 |
1c 2700 3400 1.2 b 206.3°C
2a 3000 3600 1.2 JL
2b 2400 3100 1.3 2c
2¢ 2000 1800 14 T T T T T
50 100 150 200 250
Temperature (°C)
3.2 €8 EM 24 Fig. 8. DSC thermogram for 2a—c
DSC =AHoz A& GAFP AEE9 AMEa#H
(thermogram)<> Fig. 82} ZT}L 2a, 2b%} 2¢9] 2 #
o] 2=(Ty7t 22t —46.2, —42.09 —38.7 CollA e} 4. 2 B
Wk #2Ale] =k vEste T, gte]l ksl 2
Folt}, ol #EH EHoldE HEAlo] A A 2 A A = ferrocenyl methanol®} PECHS] g
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