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WATE . Kirby %720 & B0 97 2 B A4 2 10 B 45 70 &
AT DA o R Y B AR N R R BT
Ko FHERRER G MBI 3D FTED h g 35 %8 5¢ %2
FAE R, T NC/GAP (1) 3D 4T B Y T2 25 F0 1 BB 0T 55 475
K WLARGE B 55 NC/GAP AN Al Bt J7 ) 3D F1 B A AL
NC/GAP iy hi & Bt 7 5256 S #0840 58 1 & RE MR
3DFTERAY I ). Rt A SE 1 3D 4T ERHfil 4% 1T AR
e L B NC/GAP, I X H 45y I PERe 7 PERe SR betk
AESEREATHISE , AR ST NC/GAP KT EIRE S Y521

1 SCIG#ERSy

1.1 KF5EE

AL AR, & AN 12.6%; B & A 4 K H il B
(GAP, M =4000) , ¥ M b J7 fb 2% Tk A BE 2 A
N, N-"H & H e (DMF) |, 43 87 46 (41 £ >99.99) , Bif
LT AR AR A R 7 .

3D ATERHL, & 1 5 Ultra-55 %137 & SHA 0 7 2
B, 18 [ 4% W) A 4R A BR /A W] TENSORT1 AL £r 4h
WA v (A0 BHE A 7] 5 STA449F5 Y 25 /R 1 4 i
A, 7 ] i 5 A % il & A PR 2\ s DR-507A BT fig
i AL, RSETH &R H AL #8 A BR A Al 5 Plantomy
12.0UX50 B i # B 524X, H AR 3 [ B A 7] ; ZDHW-6
TR A B AN, B RE T R A SR AL R A PR A ]

1.2 NC/GAPITENHE#HI &

# NC 5 GAP I T DMF 9 Jig il )i 4T ER 28K, 38 i
FTEIHL 4 257K DU Sk B 10 JF DORR 7 3 35 S5 b | JB B
SRR B 3D AT B R R AL 7E AR
B b K SR KRR T A 0 T D I AR OB AR R S A A
B LITENEEAE 0 8 cmx8 cm B — AN 1IE T EAHE , FTEN

extrusion head

heated base plate

BE1 3DTEUREA
Fig.1 Schematic diagram of 3D printing
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J2 B RL B R AT ED U R R Al SRR e g2 Ak,
FIBAIT AL 3DATEN . Jorp FTEDHE 1.2 mm-s™'
Bk N4 0.81 mm ATENF- B EE 80 °C, 4T EI 58 Um 78
A5 THRA HL 50 CCHET 24 he BFFEHTT & NC/GAP$T
ENRERI AL L2 1,

R1 NC/GAP FTEIEE ) £ i

Table 1 Composition of NC/GAP printed samples
mass of mass fraction  mass of mass fraction
sample NC/g ofNC/%  GAP/g  of GAP /%
NC 2.500 100 0.000 0
NC/GAP-1 2.375 95 0.125 5
NC/GAP-2 2.250 90 0.250 10
NC/GAP-3 2.125 85 0.375 15
NC/GAP-4 2.000 80 0.500 20
NC/GAP-5 1.875 75 0.625 25
NC/GAP-6 1.750 70 0.750 30

1.3 NC/GAPITED#H K BE RAE

TE St < 4 Ultra-55 %137 & 53 36 oL 7 58 6%
B XA [ NC/GAP T EQFE HEAT I 30 43 B, X0 A i 114
T 55 ) v S S R AT A

ZE AR, - fd ] TENSORT 1 B4 B i 21 41 Sl 3% 4
XA NC/GAP 4T ERE L GAP JFURE9E 47 5 P R AE L X
I PR 4 em ™ K YE Bl 4000~400 cm ™

Py 2 .l STA449F5 B 22 7% 1 4 2 4 0
B AW A ] NC/GAP FTERHE  GAP J5URH i #5J0 fiff VE fiE
BEAT g, MRS B FE A 1.5 mg, FHIRE
[l :35~500 °C, A # % :10 K-min™',

AP - A [6] NC/GAP 3T ENAE B GAP 5 NC
19 AH 257 S F STA449F5 T 2% 7% 49 4 i B0 A AL R A7
SIAT IS Ar UL, THIEGE 2R 10 Kemin™'

J1 2 PEfE . ff H DR-507A B 7 fig i f AL % 3D 47
EUVRE i 1 ) 2 PR RB HEA T RAE , F 3 . 10 mm-min™',
WL B 2 25 °C. A4S NC/GAP T ERREI it 3 ¥k, it
BT

PRBEVERE ] Plantomyv 12.0UX50 %I =5 3 5444
XFANTR] NC/GAP FT B FE (14 08 58 1 FE HE 47 FRAE 5 3114840
1000 Wi/FP , A8 KA RS T AT, kR
R E TS B E 7.5 V, A4 &R A Cryy-Nig, &4
22 (448 :0.4 mm, K3 cm,HH:8.674 Q-m™',
Y 55.:1200 °C) o AT A 1.2 mmx0.8 mmx*30 mm,
BEASFE SN 3 U, R E . [ ZDHW-6 B4R
S X AN [R] NC/GAP T BB BE (B8 8 #0847 %
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2.1 WEHRDH
[ 2 S AN R NC/GAP T EP#ESZ 9y [, A% b O i A

2 NC/GAP FT EIRE 1 5 4% 8 11 1) SEM [&]

o SEM Bl i 2 AT LA, NC/GAP AT BB FE 1Y
TSR SBT3 O (B 2a~g) M A 2 240
FRE R AT ERRE R 3 B 2R EE 2 100 pm (] 2h~n)
T8 S50 JC LR BRI, JE )2 5 )2 0 A (B 20~u) . 3X
F WA 3D 4T EP 4L AR AT L2 3 NC/GAP 55 i b
e U AR 235 g — Ak 114 R JB Y

NCI/GAP-6

Fig.2 SEM images of the lateral and cross-sections of NC/GAP printed samples

2.2 NSRS

NC/GAP T EF#E Al NC J5RE L GAP UL £ 41 43
Bras Ran &l 3 i . W Bl 3 A LLE i, NC/GAP 4T Ef
FEM LT AN FRAE IR 5 NC JFRLFT GAP JFURL A RRAIF 1 —
. BEA GAP & HAGHE I, NC/GAPATERFE P —N,
5 C—O—CHEMAFrE W . Hr, NC ik £ 2Rk
I 1631 cm™ (—NO, RXFTFR M 4E #z 3h) . 1270 cm™
(—ONO, M FM 4RSI ) . 1059 cm™ (C—O—C 4 ¥z
3).819 cm ' (C—O—Cf4i#R3)) 1156 cm™ (C—O fif
iR sh) 1421 ecm™ (C—H Z #h #E3h) . 2918 cm™
(C—H 4R 3h) ; GAP J5Uk 2 ZLR-IEWE S 1072 cm™
(C—O—CHi%i4E3h).820 cm™' (C—O—C f# 4 ¥k

GAP J\\
;} NC/GAP-6
A EE NN
©
£ NC/GAP-4 A\ ]
2 NCI/GAP-3 A e
NCIGAP-2 N N
NG/GAP-1 e
NC A A
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B3 NC/GAPATEPFERY FT-IR 4R
Fig.3 FT-IR spectra of NC/GAP NC/GAP printed samples

Chinese Journal of Energetic Materials, Vol.33, No.11, 2025 (1274-1280)

31).1103 ecm™ (C—O 454k 8h) . 1442 cm™ (C—H
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N i T2 AR NC B 5 35 T EXNC
IR BT GAP A EHERT . BEH NC/GAPFTER
FEh GAP & & (138 2 CHA R R IR 30 i TR BE L
FROE I A A ARG L 3K RV T B A GAP Y Y

S

www.energetic-materials.org.cn



NC/GAP 1 3D $] [V J% 1k fiE 1277
\#\JL NC/GAP-6 180
~— exo N 1 F
SLC N NCIGAPS 20| oy o
Y NC/GAP-4 » + 140 =
i {0 . ~
o | e N NC/GAP-3 =15 1 T (1208
SN PN NC/GAP-2 E 0 £
g — CICAP- 3 10- 80 £
S N A NC/GAP-1 % S
3 2 /{// 60 &
= ] — @
\\J GAP £ 51 /{/ 40
~__ _ N_ NC % 20
: . : : 0 P gD ok 08 g
0 100 200 300 400 500 \RCCARTcapevichigcagevics RSica

temperature / °C
B4 NC/GAPFJEIF:EAY DSC A
Fig.4 DSC curves of NC/GAP printed samples
B, NC/GAP T EFFE (1 0 ES R 1 B 3 7 3 o, $400 f
A R

P 4, MR AR #E (GJB 770B=2005 Kk 24 ik I 7
TR0 o B3 fire AR AR AR LA S BT T NC/GAP 4T
ENFE R NC 5 GAP 11 9 B AH 25 1% , 0 W7 09 b o> R
AT,=0~2 C,IRGIRFME ;AT,=3~5 C,IRG ?@X
TCRRURE , AT ) 5 AT, =6~15 °C, IR A 1K & Sl
WA AT,>15 CLRA IR R K, Bk .

% 2 4 NC/GAP T ElkE NCEGAPE’\J%I@*H@
g 2 2 7] W . NC/GAP-1 NC/GAP-2 fTEI#Eh
NC.GAP 1 %5 1 K 4 ; NC/GAP-3 \NC/GAP-4 4T El ¥
1 NC.GAP IR &K R BRI BU% s NC/GAP-5 NC/GAP-6
FTENFE T NC.GAPIR S 1A R UK . RIUIKEE GAP &
HHEIN,NC/GAP T ENRE o NC 5 GAP B M %5 1 1 1%
TR
2.4 NFMHEESW

Kl 5 A6 NC/GAP AT ERFE A LA I 25 5 . il

&2 NC/GAPTEIFE T NC 5 GAP 14 BILAR 75 1
Table 2 Physical compatibility of NC and GAP in NC/GAP

printed samples

sample T,/ C AT,/ C compatibility
NC 185.3 - =

NC/GAP-1 185.8 0.5 compatible
NC/GAP-2 186.0 0.7 compatible
NC/GAP-3 188.3 3.0 slightly sensitive
NC/GAP-4 190.3 5.0 slightly sensitive
NC/GAP-5 191.1 5.8 sensitive
NC/GAP-6 191.5 6.2 sensitive

GAP 258.9 - -

Note: T, is the decomposition peak temperature of the sample; AT, is tem-

perature difference between the decomposition peaks of the mixed sys-

tem and a single component.
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B 5  NC/GAPFTEVRE L7 5 B2 T 22 A I
Fig.5 Tensile strength and breaking elongation of NC/GAP

printed samples
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(—C—O—C—), Tk s B AL 1 A g 1) 2 L 5 4 Bz 5y
S, GAP M A i 15 NCHE Bt iyiz sh A5 81 T8, Ji
AR I 1 NC B B g o R B2 11 fh e R 88
2.5 RRIRMEBES T

J T FRAEAS [/ NC/GAP $T E[JRE () 185 4% 1 B Ak
eI TE T R85 o S 48 5 A SR AT B AR R AR
Job PR AT B A 25 b B RA b T 5 A AU TR R PR S A Y
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Fig.6 Burning rate of NC/GAP printed samples
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oy B ORAE A S B, R, BRI, e AR

EPRE A IR ek B 45 1 i I 6 T LB Y, B & NC/GAP
H GAP & I i, NC/GAP 4T EDRE 1 8k b i )i Jg 18
TG WS, GAP £ £ DA 0% 38 1 2] 10% I 5 19 48 458
HEEM17.5 mm-s (NCHEIEE) I ME] 25.6 mm-s™
(NC/GAP-24TEFE) .35 85K, 5 NCAHH L ,NC/GAP-2
FTEDRE B BR B A TN T 46% . X J& [ 4 NC/GAP-1
FTER#E NC/GAP-2 4T EDFE th NC . GAP #1245 M R 4,
GAP (1) 1 P A SRR S At 1 B 22 A A i 1 15 A e
FEE I AR 2 5 BE A GAP [ i i 4k S 18 n B 5 i
PR 8 T 2 B W/, N 25.6 mm s (NC/GAP-2 3T

C
0ms © Oms

NC/GAP-1

(d)

Oms
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7 NC/GAP T EIAE A RA b i i
Fig.7 Combustion processes of NC/GAP printed samples
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Fig.8 Combustion heat of NC/GAP printed samples
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Abstract: To study the structure and performance of NC/GAP printed samples, nitrocellulose (NC) and glycidyl azide polymer
(GAP) were used as raw materials to prepare NC/GAP printed samples with GAP mass fractions ranging from 0% to 30% via 3D
printing. The structure, thermal stability, combustion performance and mechanical properties of NC/GAP composites were char-
acterized by field-emission scanning electron microscopy (FE-SEM), fourier transform infrared spectroscopy (FT-IR), differential
scanning calorimetry (DSC) , high-speed camera, oxygen bomb calorimeter and universal tensile testing instrument. Results
show that the NC/GAP printed samples have regular morphologies, with no obvious interface between the internal layers. With
the increasing of GAP content, the thermal stability gradually enhances, the compatibility between NC and GAP gradually deteri-
orates, the tensile strength gradually decreases, and the combustion rate shows a trend of first increasing and then decreasing.
When the mass fraction of GAP is 10%, the maximum combustion rate reaches 25.6 mm-s™, which is 46% higher than that of
NC. When the mass fraction of GAP increases from 0% to 30%, the heat of combustion in air and argon increase from 2843.2 J-g™'
to 5260.1 J-g™" and 1065.7 J-g™' to 1938.7 J-g™', increasing by 85% and 82%, respectively.
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