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Fig.1 A desktop-scale 3D printer
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Fig.2 The rheological properties of binders before and after

modified by different modified resins
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F1 FARERFE R RIUA S
Table 1

ers before and after modified with Arrhenius equation

The viscosity-temperature fitting results of the bind-

sample A/Pa-s E,/k)-mol™ R?

1* 3.49x107" 85.77 0.968
2* 1.05%107" 75.07 0.983
3* 1.29%107° 60.12 0.939
4* 7.38x107° 33.02 0.999

Note: A is pre-exponent factor. E_is apparent viscous flow activation energy.

R* is correlation coefficient.
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b. shear rate-apparent viscosity curve
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Fig.3 The rheological curve of the modified-HTPB solid pro-
pellant at different temperature
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200, LA 15 B0 Y JE IR ) W7 2 9% 3% T2 3 B
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PHEY L DIAE RS 8 T 3 — 25 Wi otk HTPB
[ % 32 5] 1 5 T R K e SR, Sk el M HE R R T AR
PO A R T AE 25 °C .65 °C R ikEAT T Sh AR I,
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BRI 5 6. MWE Safal DL H, 25 °CF AU L

F2 S ARMMHTPB BRI T, 1) A Herschel-Bulkley Jit 28 45 8 51 7 45 S
Table 2 The fitting results of modified-HTPB solid propellant( I ) and HTPB solid propellant( Il ) with Herschel-Bulkley model

z,/Pa K n R’
Temperature/°C
Il I | I | I |
25 89.44 10.30 1838.48 229.9 0.5678 0.7835 0.996 0.999
55 53.34 9.538 560.552 70.40 0.6801 0.8225 0.997 0.999
60 29.40 8.188 438.851 42.25 0.7111 0.8623 0.997 0.998
65 6.14 5.546 321.315 41.14 0.7592 0.8352 0.996 0.999

Note: 7 is yield stress. K is viscosity coefficient. n is non-Newtonian index. R* is correlation coefficient.
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Fig.5 The dynamic frequency curve of the modified-HTPB solid propellant at different test temperature
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Fig.6 The dynamic frequency curve of the HTPB solid propellant at different test temperature
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Fig.8 The DSC curves of HTPB solid propellant( 11 ) and
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Rheological Properties and 3D Printing of a Modified-HTPB Solid Propellant

SHI Yu'?, REN Quan-bin*, HUANG Pu'*, WANG Kai'*, WANG Wei'”’, CAO Cheng-shuo'’, SHI Ke'’,

FU Xiao-meng'’, WANG Fang'’, LI Wei'*, WANG Yan-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: The rapid development of additive manufacturing technology provides an effective way for the flexibility and adaptabil-
ity of traditional solid propellant casting molding, however, to meet the requirements of the casting, the thermosetting solid pro-
pellants with good fluidity could not deposite layer by layer. In order to realize the additive manufacturing, the
hydroxyl-terminated polybutadiene (HTPB) was modified by adding a small amount of styling aids. The rheological properties of
the modified-HTPB and slurry made by using the modified-HTPB were studied. The rheological curve test results show that appar-
ent viscosity and viscous flow activation energy of the modified-HTPB increase significantly with the decrease of temperature.
The rheological property of the modified-HTPB solid propellant slurry is consistent with Herschel-Bulkley equation, and the fluid-
ity of modified-HTPB solid propellant slurry increases with the increment of temperature. Besides, the slurry possesses high stor-
age modulus(G'>10* Pa) and small loss tangent(w <10 rad-s™', G"/G'<0.5) at ambient temperature, showing a low fluidity. A
small amount of styling aids has little effect on the thermal decomposition behavior of the propellant, which promotes the 3D
printing of the modified-HTPB solid propellant .

Key words: solid propellant; 3D printing;rheological properties;herschel-bulkley equation;viscous flow activation energy
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