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Table 1 Formulation of the 3D printing PET-based solid pro-
pellant
formula MS PET/NG/BTTN AP N-100

mass fraction  0.5%-5% 15%—20% 70%-75% 0.5%=1%
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Fig.1 Schematic of 3D printing cylinder, nozzle models and
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Table 2 Results of sensitivity test for propellant with and
without MS

formula P/ % E /) E,/ m)
PET/NG/BTTN/AP 16 13.5 127.1
MS/PET/NG/BTTN/AP 0 13.7 129.2

Note: P is friction sensitivity. £ is impact sensitivity. E, is static inductance.
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Table 3

velocity

Effect of different pressures on propellant extrusion

pressure / kPa velocity / mm-+s™

8 5.1
9 6.0
10 6.9
11 8.0
12 9.1
13 10.2

14 11.1

FTa A E AR Sk X 2 ) B R R
Table 4

pellant extrusion velocity

Effect of the nozzle with different diameters on pro-

1

diameter / mm velocity / mm-s~

0.4 2.5
0.6 5.0
0.8 6.2
1.0 8.0
1.2 11.6
1.4 15.2
1.6 18.1

T 25 5 W 245 JRORG J3E R 1T 52 e 5 1 G RE B |
IR 28 R v 6 B, B BT ) B S 11 kPa, WSk
EARBEN T mm RHE IR 5% s Sk L 5% 1 3R G
F5PN, SR EIRTEA5~55 CIEHEN, i FIREZL
W B2 /0 ek BB 118 S50 5% 1 R S e S K, B R A
HITE 8.0 mm-s A2 AT (H B I B T v e TR

DL SRR B R 0y omi sk AR IR R T
HB 43 3 B2 K % L R A 3, X R SCRRL 29 1R VA
-

HR 4 LA I 58 45 5127 HTPB [ {4 4 1 751 7 B okt 38
6.0 mm-s™, % A FLBLL 5 S PR G RAEAE 25 7 DL
JS AT REA DR e AT TER SR RIS HH B2 AE 6~12 mm e s™

5 A [l L 6 HfE R R B R R iR
Table 5
sion velocity

Effect of different temperatures on propellant extru-

1

temperature / °C velocity / mm-s~

45 7.6
47 7.7
49 8.0
51 8.0
53 8.1
55 8.2

Chinese Journal of Energetic Materials, Vol.31, No.9, 2023 (880—886)

T B P B S0 2 BT i S 56 B0 IE , DA R AT R B AR
R, 72 S PRI BN SRk ot f2 v IR R B (50+2) °C,
H J1#E 9~13 kPa,Bi3k H424E 0.8~1.2 mm,

3 ERH#EBHF 3D FTED AL B

DI BRI SS RAE N 27 456 ISR & 5, 2%
T AR 683k B B T 9 2 590 A a8 4%
R AR 50 C WSk EHA 1.2 mm KT N
11 kPa S E0 N AT ED H 4540 58 38 1 PET 26 =5 fie [ 1R 4
HEF 25K, SEPR AT ER B 8 mmesT!, TiE U 41 43 L
F 1. WK 5a fF R S CAD S F 2 il i 28 4E 45 A
[l 5b > 3D FT B 25 4 A9 ] 1 A1 IE T8 524 1, H R T E
o025 mm &8 10 mm B A R RS A 4 mm
[« B HE R S5 A 2 o e ol it — 2B AR e I S
FTER 20, JF R v e [ A 4f i 70 KR SF 25 6 3D AT Ep
TAE, IS8 TR S

a. model diagram

b. 3D printing of physical drawings

B 5 3D FTEIfis R S S
Fig.5 The model diagram and real images of 3D printing
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Formulation Design and Preparation of 3D Printed PET Based High-energy Solid Propellant

SHI Ke'?, SHI Yu'?, SUN Xin-ke'?, WU Yi-wen’, REN Quan-bin’, LI Wei'’
(1. Science and Technology on Aerospace Chemical Power Laboratory, Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology ,
Xiangyang 441003, China; 3. Academy of Aerospace Solid Propulsion Technology, Xi'an 710025, China)

Abstract: Taking tetrahydrofuran copolyether (PET)-based high energy solid propellant as the research focus, the 3D printed pro-
pellant was designed and formulated with PET/nitrate(NG/BTTN) as the binder system modified by shaping agent(MS), ammo-
nium perchlorate (AP) as the solid filler and polyfunctional aliphatic isocyanate (N-100) as the curing agent. The shaping effect
of MS at 25 °C, its compatibility with each component, and its rheological properties at 25, 35, 45, 55 °C were studied. The
reasonable range of the processing parameters for 3D printing such as temperature, nozzle diameter and pressure were deter-
mined preliminarily by simulation. The results show that MS has good compatibility with PET/NG/BTTN and AP in the propel-
lant, and it also improves the safety performance of the propellant to a certain extent. The obtained slurry exhibits the
temperature-sensitive characteristics, capable of achieving good setting effect at 25 °C. By applying the determined printing pa-
rameters involving the temperature of 50 °C, the nozzle diameter of 1.2 mm and the pressure of 11 kPa, the actual printing rate
can be approached to 8 mm-s™, which is the first time that the 3D printing of PET based high-energy solid propellant to be real-

ized.
Key words: PET-based high energy solid propellant; 3D printing;simulation;rheological properties; compatibility
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