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Table 1

photocurable gun propellan

Energy performance parameter of APNIMMO/RDX

APNIMMO  RDX f T, Q, specific volume
/% /% /)g /K /)¢ /L-kg™

40 60 955 2105 2625 1221

30 70 1143 2708 3515 1137

25 75 1166 2837 3664 1107
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HAEERKES mm, KRBT ERE 7 ocm, 2 HIEN
1 mm, FTET 3 25 360 mm-min™', 1§ £ F #  BF hy
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350 °C; il Af & 0 (1.0+0.2) mg, &7 3 3 i 55 2 4L
KK 18 0.1 MPa. JHIR R 43 5 2.5.5.10,
20 C-min',

K H TG-DSC-FTIR-MS 43 1T APNIMMO/RDX ¥
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N Lk
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a. schematic diagram of 3D printing
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b. model, printing path and sample
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Fig.2 TG-DSC curves of APNIMMO/RDX photocurable gun

propellant
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Fig.4 Mass spectrum of APNIMMO/RDX thermal decompo-

sition product
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44(CO,,N,0) . XK 2 TG 5K 4 th MS (il £ 7]
PL& B APNIMMO/RD X #443 fift 7= A 1 AR 7= 1y 32 22
TERT 2 T BBl th 72568 1T B B D ik i
APNIMMO/RDX 1 43 fift 2 t i APNIMMO fil] % I
—O—NO, B =4 NO,, & I CH,O B4 & & L
TPk T 5 08 10T i g R B AT, SR 5 TR I B 7 A=
CH,O, 1l NO, ¥ £ 5 CH,O % (1) E Ak ik J5 [ R, 7 AR
T HCN I HCNO %779 . {H7E FTIR SG 1% ok & 8
NO,(~1600 cm™),N,O .NO il CH,O 7£ 180.1 °CH}
AL HE 201 CHEIE 2R, 454 TG DSC . MS Fl FTIR 45
B, m LA APNIMM/RDX #443 ff n] RE A7 16 JL A B
[i) 52 Vi

&2  APNIMMO/RDX G [E b & 5 24 AR 7= 9 i o 1L <A™
Wy KR o ik L X [A)
Table 2 Nucleo-cytoplasmic ratio.possible product and tem-

perature range of APNIMMO/RDX gaseous product

APNIMMO/RDX

m/z gas products

T,~T,(°C) 7,0°C)
16 CH,,NH," 172.2~235.6 222.7
17 NH,,OH" 175.6~252.1 224.6
18 H,O,NH," 179.1~307.6 224.3
27 HCN,C,H," 176.4~263.5 224.7
28 CO,N, 174.1~335.4 222.4
30 NO,CH,O 160.4~293.5 222.6
43 HNCO 188.1~248.6 223.7
44 CO,,N,O0 173.6~325.4 222.6
46 NO,,C,HO,HCOOH 202.1~356.6 2211

K 5 5 APNIMMO/RDX #4577 Wy 6 3D 41
AN B G B il SR I a3 B A e R i — 2B TR
AWFFE B 6 5 APNIMMO/RDX 6 [ 1k & It 24 #44 fidk
SAKFEY FTIR. 76 175 °CH ekl i 5 APNIMMO
KA LIS R, Horp 22779 N,0 (2238 cm™) Al
CO(2103 cm™),7£200 °CHY B 2238 cm™ #12103 cm™
Qb WA B I A, B i 25 AR F VBT 2800 em A
1230~1320 cm™ Z [l (W I I, 2800 cm™ &k W Iig i ]
AE RS C—H ik sh 7= /£ 1, 1230~1320 cm™
Z Al fEE C—O N—H C—N W ik . 454 TG,
DSC.MS F1 FTIR 45 5, 7] LA S APNIMMO/RDX #4
At
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Fig. 5 3D infrated spectrum of APNIMMO/RDX gaseous
product
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Fig.6 FTIR spectrum of APNIMMO/RDX gaseous product
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SCARGHURHR B W 0 5 A 0 4 7 A A VR T 3 R AR L ]
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2.2 APNIMMORDX Bl & &M D zh /1 =

S

g it — 25 43 B Ot [ A6 % 45 57 % APNIMMO/RDX
PO ik BE IO B2, X APNIMMO/RDX £ 2.5,5,10,
20 °C-min™' N I JE DSC # I i Wik, 45 R an & 3 JiF
o M3 UL, B A T I R B, APNIMMO/
RDX ) Jie #4006 068 918, 7% 7 f 209.7 CHE i % 224.8 °C,
M A EE Ll 70.28 J-g ' 3 fn 2 464.84 )-g7'c Al UL
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CHINESE JOURNAL OF ENERGETIC MATERIALS
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810 °C-min™ 120 °C-min™ B}, 43 52 B i , 4>
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BF R BE S EC R4S R4 G SO T, o il &
FEAE il PR E R R HL A % 7 W M DL S S SO
S SRR R R

%3  APNIMMO/RDX G [E 1 % I 25 #4 fi 25 11

Table 3 Thermal decomposition characteristic parameters of
APNIMMO/RDX photocurable gun propellant

decomposition feature point

heating rate

sample T, T T AH
b /°C-min”' 0 P <
/°C /°C /°C /g
2.5 196.5 209.7 216.9 70.28

201.2 218.2 227.6 133.58
APNIMMO/RDX
219.7 220.7 230.2 294.83
20 222.6  224.8 236.5 464.84
1.0 —
—25C-min
—5 C-min’
s 08F——10°C-min’
5 =20 C-min"
14
g 06}
8
S 04f
=
o
S
02r

O 10 20 210 20 20 240
T/I°C

7 APNIMMO/RDX St [ 1 %z 55 24 e A < Bl 1t B2 1) 728 1 oy 2

Fig.7 Conversion extent with temperature of APNIMMO/RDX

photocurable gun propellant

HT DSC 2 K , R A A A I il i R R [\] 4%
656 O A IR HEAT AR B S L 45 R UL 7. APNIMMO/
RDX 5 4 RDX #% 4™ 52 i [ B 1 0 16 fiE £, B 48 i R 7
InA, B9 TFRE45 R I T 3 4, 14 15 AL RE Rl 5% 1k R 102
e LA 2 ) TR 8. Hi &l 8 AT UL, RDX 14 1if k. 8 bl %
PRI AT — 5 B JE AR, APNIMMO/RDX & 5 245 14
3 8 T AL RE AE IR % AL 3R («=0.23) B ZEMIE T 46 RDX 1
1 M 15 AL RE , T B 5 5% AL R B9 5 I APNIMMO/RDX
il B4 43 A O AL RE R ik RDX, (] B AR 40 I 5t % A% 1L
(T )57 243 % APNIMMO/RDX il RDX #E 73
1 APNIMMO/RDX [ T,. 24 205.65 °C, Tfi RDX HJ
T.. 4 241.11 °C, i1 T APNIMMO 43 fif 7= ) %t RDX fi#
1653 i B9 VE T, 30 APNIMMO/RD X 75 % £k 3 # {1
3% AL BE DL S T A8 46 RDX K, 3% 5 4 53 i 47 43 By
PR 451E—2.
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#z 4 APNIMMO/RDX Y[ 1k % 51 25 5 RDX 14 35 112 25

Table 4 Kinetic parameters of APNIMMO/RDX photocur-
able gun propellant and RDX

APNIMMO/RDX RDX
a E E

: | : |

A A
Jkemolt e /Kemol! e

0.1 189.35 42.29 0.9987  251.46 68.82  0.9968
0.2 194.01 42.32 0.9987 205.96 56.74  0.9980
0.3 205.75 42.37 0.9924 181.51 50.38  0.9965
0.4 215.47 42.41  0.9917 17491 48.29  0.9952
0.5 224.77 42.46 0.9880 170.85 47.11 0.9951
0.6 225.71 42.47  0.9931 166.72 45.89  0.9963
0.7 238.59 42.52  0.9809 162.18 46.58  0.9962
0.8 247.45 42.56  0.9721 158.31 44.26  0.9960
0.9 230.97 42.49 0.9864 251.46 4297  0.9959
mean 219.11 42.43 - 180.59 50.12 -
300
1 —=—APNIMMO/RDX
2807 pure RDX
2601
2407 /‘\.
'S 2207
£
s wf T
ur 1807 S, .
1601 S
1401
120
100 . . . .
0.0 0.2 0.4 06 08 1.0

extent of conversion ¢
B8 APNIMMO/RDX St [ 1k % 55 24 1% 1k 5E Bl 7% £k < 19 2 4k
il £&
Fig. 8 E, of APNIMMO/RDX photocurable gun propellant

over conversion extent
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Thermal Decomposition and Combustion Performance of APNIMMO/RDX Photocurable Gun Propellant

LI Man-man, XU Ming-hui, GUO Zhi-gang, YUE Chun-hui, WANG Qiong-lin, YANG Wei-tao
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: In order to investigate the effects of a new energetic photocurable binder terminal acrylate based poly (3-nitratometh-
yl-3-methyloxetane) (APNIMMO) , on the thermal decomposition and combustion properties of RDX-based photocurable gun
propellants, a high-energy APNIMMO/RDX gun propellant sample was designed and fabricated by 3D printing. The thermal de-
composition process and related kinetic parameters of the APNIMMO/RDX photocurable gun propellant were studied using dif-
ferential scanning calorimetry (DSC) and thermogravimetry-differential scanning calorimetry-Fourier transform infrared
spectroscopy-gas chromatography (TG-DSC-FTIR-GC). The combustion performance of the APNIMMO/RDX photocurable gun
propellant was evaluated using a closed bomb tester. The results indicate that the thermal weight loss of the APNIMMO/RDX pho-
tocurable gun propellant occurs in two main stages. Thermogravimetry and gas product escape mainly focus on the first stage
(158.9-234.3 °C), In this stage, tthe thermal decomposition of APNIMMO/RDX begins with the exothermic decomposition of
APNIMMO, promoting the melting and decomposition of RDX. This causes RDX to decompose earlier, leading to a lower criti-
cal explosion temperature (T,.) for APNIMMO/RDX compared to pure RDX. The second stage (234.3 °C to the end of the test)
presents a “thermal neutral” state with neither exothermic nor endothermic behavior, mainly attributed to the slow decomposi-
tion of the APNIMMO backbone after the complete decomposition of its side-chain nitrate ester groups. The results of combus-
tion performance show that the burning rate coefficient of APNIMMO/RDX propellant is low, the pressure index is high, and
there are a large number of holes on the surface of the sample of the aborting combustion test. The analysis shows that in the
APNIMMO/RDX propellant system, the burning rate of RDX is higher than that of APNIMMO binder under high pressure due to
the large content of RDX. The difference in burning rate between the two causes the heat and pressure generated by combustion
to penetrate into the entire propellant along the formed holes, and the process is greatly affected by pressure, so the pressure in-
dex is high.

Key words: APNIMMO (Terminal acrylate-based poly 3-nitratomethyl-3-methyl oxetane) ; photocurable binder; gun propellant;
thermal decomposition;combustion properties
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Combustion Performance
closed bomb, interrupted
burning test

Thermal Decomposition
DSC, TG-DSC-FTIR-MS,
kinetics

3D printed propellant

This study combines photocurable forming technology and 3D printing for gun propellant preparation. Using APNIMMO
(Terminal acrylate-based poly 3-nitratomethyl-3-methyl oxetane) as a photocurable binder pre-polymer, RDX was selected as
the solid filler, an APNIMMO/RDX photocurable gun propellant was designed and fabricated via 3D printing. The thermal
decomposition behavior and combustion characteristics of APNIMMO/RDX photocurable gun propellant were analyzed by DSC
(Differential scanning calorimetry) and TG-DSC-FTIR-GC (Thermogravimetry-differential scanning calorimetry-Fourier transform
infrared spectroscopy-gas chromatography) , and the kinetic parameters of its thermal decomposition were determined to
investigate the effects of novel energetic photocurable binder and photocurable 3D printing on its thermal stability and
combustion performance. The results confirm the feasibility of applying photocurable 3D printing technology to gun propellant

preparation, offering a novel and safe approach for gun propellant manufacturing.
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