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Table 1 Ink formulations of ignition powder BPN
) m(B)  m(KNO,) m (binder) V (DMF)

sample  binder

/g /g /g / mL
1*BPN PVDF
2* BPN Fosns
3# BPN F2£>02

0.465 1.395 0.14 2.8
4"BPN  F,,,
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6" BPN  EC
7* BPN PVDF+NC 0.465 1.395 0.1+0.04 2.8
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Fig.1 Ink preparation process (a) and visual 3D printing device sketch (b)
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b. ignition powder ink

Fig.2 Shear rate-viscosity curves of binder solution and BPN base ignition powder ink
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Table 2 Fitting parameters of BPN base ignition powder ink

sample binder K/Pa-s" n R’

1"BPN PVDF 187.18 0.28 0.99994
2'BPN Fo 80.82 0.29 0.98422
3*BPN Fron 48.76 0.56 0.99997
4"BPN Fru 27.93 0.59 0.97752
5*BPN NC 105.71 0.11 0.99998
6"BPN EC 248.9 0.29 0.99989
7*BPN PVDF+NC 128.05 0.33 0.99983

Note: K is consistency coefficient; n is non-newton index; R® is correlation

coefficient.
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Fig.3 3D view of printed samples and their sectional profile (a-g), and the rectangularity of the sample section (h)
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Fig.4 Printed lines (a) and blocks (b) of 7"BPN, SEM images at the junction of print lines (¢) and combination patterns (d)

and its mapping surface scan results (e)
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Effect of Binder on Formability and Combustion Performance of BKNO, Samples by Direct Ink Writing

LI Chen-yang'*, WENG Kun’, AN Chong-wei'”*, SONG Hao-yu'**, YE Bao-yun'’, WU Bi-dong'’, WANG Jing-yu'"*
(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Shanxi Engineering Technology Research Centre
for Ultrafine Powder, Taiyuan 030051, China; 3. Chuannan Aerospace Energy Technology Co., Ltd, Luzhou 646000, China)

Abstract: In order to design the B/KNO, (BPN) ignition powder formula with good combustion performance and compatibility
with the direct ink writing technology, seven BPN-based ignition powder ink were designed and prepared by direct ink writing
technology with different binders including polyvinylidene fluoride (PVDF), poly (vinylidene fluoride-trifluorochloroethylene)
F,u,» poly (vinylidene fluoride - hexafluoropropylene) F,.,,, poly (vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene)
F,.:» ethylcellulose (EC), nitrocellulose (NC) and PVDF/NC. The effects of different binder on the formability, ignition/combus-
tion and thermal decomposition performance were investigated. The results show that the change of binder composition could re-
sult in the differentiation of the consistency index of BPN ink. The order of consistency index of different ink is EC/B/KNO,>
PVDF/B/KNO,>PVDF/NC/B/KNO,>NC/B/KNO,>F,,,,/B/KNO,>F,.,/B/KNO,>F,,../B/KNO,. The formability of the ink depend on
its consistency index. The rectangularity variation tendency of the samples prepared by direct ink writing technology is consistent
with the consistency index. The BPN-based ignition powder containing fluorine rubber presented a higher burning rate and a
shorter ignition delay. Meanwhile, the burning rate is faster when the H content is higher in the fluorine rubber. The order of lin-
ear burning rate of the BPN-based ignition powder containing different rubber is: PVDF/B/KNO,>F,,,/B/KNO,>PVDF/NC/B/
KNO,>NC/B/KNO,>F,,../B/KNO,>F,,,,/B/KNO,>EC/B/KNO,. However, cellulose binder did not present any significant contribu-
tion to reduce the ignition delay. Adding fluorine rubber can reduce the initial reaction temperature of BPN-based ignition pow -
der by about 145 °C. NC can reduce the initial reaction temperature of the main reaction of the powder by 45 °C. The addition of
EC can only reduce the initial reaction temperature of the main reaction by about 5 °C.

Key words: direct ink writing technology; B/KNO,(BPN) ;fluorine rubber;binder;rheological properties;combustion performance
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Seven B/KNO,(BPN) ignition powder ink with different binders were designed, and the printed samples were obtained by direct
ink writing (DIW) technology. The formability, thermal decomposition and combustion performance of the printed samples

were studied.
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