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Research Subject: Among the burning rate catalysts (BRCs), ferro-
cene-based ones have shown better performance; but show volatility
problem. Therefore, the use of ferrocene derivatives in order to make
compatible with hydroxyl terminated polybutadiene (HTPB) prepoly-
mer, is a novel trend which is recently interested in the related research-
es.

Research Approach: In this research, at first, vinyl ferrocene monomer
(VFM) were in-situ homopolymerized to prepare poly(vinyl ferrocene)
(PVF) in the presence of hydroxyl terminated polybutadiene (HTPB)
prepolymer at three different conditions (with and without BPO as ini-
tiator and different amounts of VFM). Then, blend of PVF/HTPB were
characterized using FT-IR, "HNMR and GPC analyzes. In the second part,
energetic composites containing PVF/HTPB blend were prepared and
thermal properties of prepared samples investigated and compared
with energetic composites containing conventional catalysts using TGA.
Main Results: The GPC results showed that the main peak was larger
and wider due to the increase in the average molecular weight of PVF/
HTPB blend. Comparison of thermal analysis showed that energetic
composites based on PVF/HTPB blend catalyst perform better than
common catalysts and more reduces the AP decomposition tempera-
ture. PVF/HTPB blend act as a potential BRC in energetic composites
in which migration problem reduce due to in-situ blending of VFM to
HTPB.

*To whom correspondence should be addressed:

a.kebritchi@ippi.ac.ir
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Figure 1.Types of burning rate catalysts for high energetic composites.
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Tablel. Percentage by weight of components in prepared samples.

Compounds Sample 01 | Sample 02 | Sample 03
Type of Material Parts Row Amount Amount Amount
Benzene (ml) Solvent |1 10 10 10

BPO (g) Initiator | 2 0 0.0469 0.0469
HTPB (g) Resin 3 3 3 3

Vinyl ferrocene Catalyst | 4 0.064 0.064 0.10
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Table2. Percentage by weight of components in prepared samples.

Sample HTPB (%) AP (%) ZnO0 (%) Catalyst containPVF/ | Catalyst contain
code HTPB blend (%) ferrocene (%)
Sample 04 10 90 - -
Sample 05 10 88 2
Sample 06 10 88 2
Sample 07 10 88 - 2
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Figure 2. FT-IR spectrum of HTPB samples, vinyl ferrocene mixture and ferrocene mixture.
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Table3. The characteristics and position of the bonds in the FT-IR spectrum correspond to three synthetic samples

Characteristics Bond Position (cm™)
Row Related Sample code Reference
eate Related link
group
HTPB+VF (06) | HTPB+F_(05) | HTPB [26] [25]
0 i || e 3570 3561 3540 | 3300-3400 | 3268-3347
hydrogen bonding

2 Cis Stretching C=C 728 730 735 Near 700 716-821
3 Trans Stretching C=C 968 968 970 | Near 970 857-968
4 Vinyl Stretching C=C 1645 1644 1640 | 1600-1660 1640
5 Alkane Stretching C-H 3010 3010 2990 - 2926-2990
6 Methyl Bending CH, 1410 1410 1400 - 1425-1450
7 - Aromatic 490 490 - - 492-494
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Figure 3 (a) 'H NMR spectrum of HTPB sample, (b) 'H NMR spectrum of ferrocene catalyst mixture.
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Table4. Proton type and range of peaks related to prepared samples.

Peak Range (ppm)
row Proton type This research Reference
HTPB+VF HTPB+F
(06) (05) HTPB [28] [27]
1 Olefin protons Haand | o) 575 | 482.575 | 4.90-5.80 | 4.85-572 | 4.03-5.38
Vinyl olefins H and H,
Vinyl 4.02 4.01 4.01 4.08 4.03
Group -
2 CH,0H Trans 4.13 4.12 4.12 411 4.09
Cis 4.21 4.20 4.20 4,13 4,16
3 Gliphen caes 2.10 2.10 2.10 G 2.09
protons
HO = == OH ¢
a \[i ¥ v CH, CH,OH warCH, H
ﬁ >—/. T
(a) - CH,OF
A"
CH, CH, aswCH-CH,OH
HO e — OH I
a p CH
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Figure 5.Molecular structure of HTPB prepolymer produced by two methods (a) free radical and (b) anionic, Types of
structure of terminal hydroxyl groups in HTPB.
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Table5. Information on 'H NMR spectrum review.

Main chain Hydroxyl microstruc-
microstructure (% ture (% -
Row | Sample HTPB type (%) (%) Refer
. Type of . . ence
Cis Trans Cis Trans | Vinyl
hydroxyl
1 LBH-2000 Anionic - - Secondary 9.6 219 68.4 [29]
OH
2 LBH-3000 Anionic - - Secondary 114 | 231 65.5 [29]
OH
3 HTPB Free radical 19.4 59.6 Primary OH 144 | 57.6 28 [29]
4 HTPB-R45M | Free radical 20.7 57.8 Primary OH 52.3 | 143 334 [30]
5 HTPB-R45M | Free radical 57.8 56.7 Primary OH 18.1 | 45.8 24.2 [30]
6 HTPB-R45M | Free radical 17.2 67.7 Primary OH 125 | 625 25 In this
research
Table 6. Information on *H NMR spectrum review.
Main chain microstructure (%) Hydroxyl microstructure (%)
Row Sample
Cis Trans Vinyl Cis Trans Vinyl
1 HTPB 17.23 67.67 15.1 12.5 62.5 25
2 HTPB-g-Fc 2091 64.49 14.6 44 44 12
3 HTPB-g-PVF | 21.94 64.15 14 46.07 42.05 11.25
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GPC chromatograms of three examples of HTPB, ferrocene and vinyl ferrocene.
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Table 7. Weight and number average molecular weight and polydispersity index (PDI)

Sample PDI M M PDI
HTPB 2.24 5907 13261 2.24
HTPB-g-Fc 2.92 5919 17528 2.92
HTPB-g-PVF 2.99 7502 22431 2.99
100 | S e e o= — =
|
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Figure 7. TGA thermograms of four samples in the presence and absence of burning rate catalysts.
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Table 8. Samples used in TGA.

Temperature decrease rate (%)

Temperature decrease percentage:
Temperature changes / maximum temperature x 100
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