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Table 1 Physical parameters of the components used!® "
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parameters PBT A3 Al AP RDX NG DEGDN ADN
p/g -+ cm? 1.27 1.38 2.71 1.95 1.81 1.59 1.38 1.80
AH}’/kJ' kg ™! 1185 -1940.5 0 -2513.2 271.3 -2190.5 -2013.5 -1405.7
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Table 2 Energetic properties of PBT propellants plasticized with A3 (Al 5% )

content/ %

property parameter

No. I c T, —
PBT A3 Al AP RDX v . 4 ‘ M OB
/N - s - kg /m s /K
1 10 15 5 70 - 2515 1541 3261 29.64 -0.0536
2 10 15 5 65 5 2523 1552 3272 29.01 -0.0813
3 10 15 5 60 10 2527 1562 3273 28.40 -0.1091
4 10 15 5 55 15 2530 1568 3265 27.81 -0.1369
5 10 15 5 50 20 2530 1573 3248 27.24 -0.1647
6 10 15 5 45 25 2529 1577 3225 26.70 -0.1925
7 10 15 5 40 30 2527 1579 3197 26.17 -0.2202
8 10 15 5 35 35 2524 1581 3164 25.67 -0.2480
9 10 15 5 30 40 2519 1581 3127 25.19 -0.2758
10 10 15 5 25 45 2514 1580 3087 24.72 -0.3035
11 10 15 5 20 50 2508 1579 3044 24.27 -0.3314
12 10 15 5 15 55 2501 1577 2999 23.84 -0.3591
13 10 15 5 10 60 2493 1575 2952 23.42 -0.3868
14 10 15 5 5 65 2485 1571 2904 23.02 -0.4146
15 10 15 5 - 70 2476 1568 2855 22.63 —-0.4425
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Table 3 Energetic properties of PBT propellants plasticized with A3 (Al 10% )
content/ % property parameter
No. I c* T, — .
PBT A3 Al AP RDX ’ _ ¢ M OB
/N-s-kg™' /m-s”! /K
1 10 15 10 65 - 2546 1599 3459 30.74 -0.1149
2 10 15 10 60 5 2556 1569 3455 30.08 -0.1427
3 10 15 10 55 10 2563 1577 3445 29.44 -0.1705
4 10 15 10 50 15 2568 1584 3429 28.82 -0.1983
5 10 15 10 45 20 2572 1590 3408 28.21 -0.2260
6 10 15 10 40 25 2575 1595 3382 27.63 -0.2538
7 10 15 10 35 30 2576 1598 3353 27.08 -0.2816
8 10 15 10 30 35 2577 1601 3320 26.54 —-0.3094
9 10 15 10 25 40 2576 1604 3285 26.02 -0.3371
10 10 15 10 20 45 2574 1605 3247 25.53 -0.3649
11 10 15 10 15 50 2571 1605 3207 25.05 -0.3926
12 10 15 10 10 55 2568 1605 3165 24.59 —0.4205
13 10 15 10 5 60 2564 1605 3122 24.14 —0.4482
14 10 15 10 - 65 2558 1604 3078 23.71 -0.4760
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Curves of RDX content vs specific impulse

for PBT propellants plasticized with A3
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Table 4 Energetic properties of PBT propellants plasticized with NG/DEGDN (Al 5% )

content/ % property parameter
No. 1 c* T _
PBT NG/DEGDN Al AP RDX o - ‘ M OB
/N s+ kg /m -+ s /K
1 10 15 5 70 - 2499 1522 3250 30.80 0.0057
2 10 15 5 65 5 2526 1539 3289 30.44 -0.0221
3 10 15 5 60 10 2543 1555 3315 29.84 -0.0499
4 10 15 5 55 15 2554 1568 3331 29.21 -0.0777
5 10 15 5 50 20 2560 1578 3337 28.60 -0.1056
6 10 15 5 45 25 2565 1586 3335 28.01 -0.1334
7 10 15 5 40 30 2567 1593 3325 27.43 -0.1612
8 10 15 5 35 35 2567 1598 3308 26.88 -0.1890
9 10 15 5 30 40 2566 1602 3285 26.35 -0.2169
10 10 15 5 25 45 2564 1604 3257 25.84 -0.2447
11 10 15 5 20 50 2561 1606 3224 25.35 -0.2726
12 10 15 5 15 55 2556 1606 3188 24.88 -0.3004
13 10 15 5 10 60 2551 1606 3149 24.43 -0.3282
14 10 15 5 5 65 2545 1605 3107 23.99 -0.3560
15 10 15 5 - 70 2538 1603 3063 23.56 -0.3839
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Table 5 Energetic properties of PBT propellants plasticized with NG/DEGDN (Al 10% )
content/ % property parameter
No. 1 Cc* T, —
PBT NG/DEGDN Al AP RDX ’ n 1 : M OB
/N s+ kg /m - s /K
1 10 15 10 65 - 2543 1547 3495 32.37 -0.0557
2 10 15 10 60 5 2558 1561 3511 31.65 -0.0836
3 10 15 10 55 10 2572 1573 3519 30.94 -0.1114
4 10 15 10 50 15 2583 1584 3520 30.29 -0.1392
5 10 15 10 45 20 2592 1593 3514 29.65 -0.1670
6 10 15 10 40 25 2599 1601 3503 29.02 -0.1949
7 10 15 10 35 30 2605 1608 3487 28.41 -0.2267
8 10 15 10 30 35 2609 1614 3466 27.83 -0.2505
9 10 15 10 25 40 2611 1619 3442 27.26 -0.2783
10 10 15 10 20 45 2613 1623 3413 26.72 -0.3062
11 10 15 10 15 50 2613 1626 3382 26.20 -0.3340
12 10 15 10 10 55 2612 1628 3347 25.70 -0.3619
13 10 15 10 5 60 2610 1630 3311 25.21 —-0.3896
14 10 15 10 - 65 2608 1630 3272 24.74 -0.4175
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for PBT propellants plasticized with NG/DEGDN
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Table 6 Energetic properties of PBT propellants containing ADN, plasticized with A3 (Al15%)

content/ % property parameter
No. 1 (o A =~
PBT A3 Al ADN AP RDX v . ‘ M 0B
/N s+ kg /m -+ s /K
1 10 15 5 15 55 - 2536 1558 3265 28.79 -0.0659
2 10 15 5 15 50 5 2542 1569 3271 28.19 -0.0937
3 10 15 5 15 45 10 2545 1577 3267 27.61 -0.1214
4 10 15 5 15 40 15 2546 1583 3255 27.05 -0.1493
5 10 15 5 15 35 20 2546 1587 3235 26.52 -0.1770
6 10 15 5 15 30 25 2544 1589 3209 26.00 -0.2048
7 10 15 5 15 25 30 2541 1591 3178 25.50 -0.2325
8 10 15 5 15 20 35 2537 1591 3143 25.02 —-0.2604
9 10 15 5 15 15 40 2532 1591 3104 24.56 —-0.2881
10 10 15 5 15 10 45 2527 1590 3063 24.12 -0.3159
11 10 15 5 15 5 50 2520 1589 3019 23.69 -0.3436
12 10 15 5 15 - 55 2513 1586 2973 23.28 -0.3715
#&7 4 ADNNG/DEGDN %% PBT #E#FEEHEE (Al EE5%)
Table 7 Energetic properties of PBT propellants containing ADN , plasticized with NG/DEGDN (Al 5% )
content/ % property parameter
No. 1 cr T, —
PBT NG/DEGDN Al ADN AP RDX R \ 1 ‘ M OB
/N s - kg /m * s /K
1 10 15 5 15 55 - 2532 1543 3267 30.11 —-0.0066
2 10 15 5 15 50 5 2553 1559 3300 29.60 -0.0344
3 10 15 5 15 45 10 2566 1573 3322 28.99 -0.0622
4 10 15 5 15 40 15 2574 1585 3333 28.39 -0.0901
5 10 15 5 15 35 20 2579 1594 3334 27.81 -0.1179
6 10 15 5 15 30 25 2582 1601 3328 27.24 -0.1458
7 10 15 5 15 25 30 2583 1607 3314 26.70 -0.1736
8 10 15 5 15 20 35 2583 1611 3294 26.18 -0.2014
9 10 15 5 15 15 40 2581 1614 3268 25.67 -0.2292
10 10 15 5 15 10 45 2578 1616 3238 25.19 -0.2571
11 10 15 5 15 5 50 2574 1616 3204 24.72 -0.2849
12 10 15 5 15 - 55 2569 1616 3166 24.27 -0.3127
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Calculation and Analysis on Energy Characteristics of Composite BAMO-THF Propellants

ZHAI Jin-xian' , YANG Rong-jie' , ZHU Li-xun®, LI Jian-min'
(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Xi'an North Hui'an Chemical Industry Company, Xi'an 710302, China)

Abstract; The effects of ammonium perchlorate ( AP), hexahydro-1, 3, 5-trinitro-s-triazine ( RDX ), aluminum powder ( Al) and
ammonium dinitramide (ADN) used as solid fillers on energy characteristics of composite PBT ( BAMO and tetrahydrofuran
(BAMO-THF) copolymers) propellants plasticized with A3 ( bis (2, 2-dinitropropyl ) acetal/bis (2, 2-dinitropropyl ) formal ) and
NG/DEGDN ( glyceryl trinitrate/ diethyleneglycol dinitrate) respectively were investigated using least free energy method. Calculated
results indicate that the variation curves of the specific impulse of propellants are characteristics of a parabola with the increasing of
RDX content,and there exist optimum content ratios of solid fillers in respective systems. Compared with those plasticized with A3,
propellants plasticized with NG/DEGDN show higher specific impulses. The specific impulses are evidently enhanced due to the
decreasing in average relative molecular mass of combustion products, caused by the addition of 15% ADN instead of AP into the
formulations.

Key words: physical chemistry; BAMO-THF copolyether; composite propellant; energy characteristics; ammonium dinitramide (ADN)



