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BB A o HEEFV A SIS AL Wi Tr A2 R
A EAE N B SRR S T B
R A B 7 U AEAH PR 22 00 BN 29 DL R X 4fe 2k 51
FEETERE ™ A R IR W S SR o I, D T Lk ) B
5 77 2l o A8 TR, FATT3E G 51 — b 2 AT i e
250 B v 98 R R B AL A 1 (PFD) | I3 b 3t 1) T 4
T B4 T £k Sz R RE £ 9 B B 1 A B R R BE TR T
e T T 2R SRR 28 5 T £ I 2 [ A

BIF 5 6 4% 75 HTPE $f 3557 48 2 o A [8] 35 &
PFD JE i & 7 20 98Uk 66 5 70 1) 52 5 T A A a5
W A 3 00 A7 AR T O AR BT X B 49K T
KIGEEHG VL JBE R A ™ Wy #E 4T SEM LK EDS g i il
1, W 5T PED LA $E 32 577 24 70 A AL B K 49K 68 1 fE Y

S
1 SCIG#ERSy

1.1 KWEH

LIt (PFD) 40 96%, 50 F it 462.12 g-mol ™,
I 5 0 R P A 2 e/ D Ak e e B R ik (HTPE)
FAEH[OH] M 0.48 mmol-g™', Al ; T 3 A & H Al

Fz 1 MEEFIEC O A%

JfE (Bu-NENA) : A Xt 73+ B i 207.2 5 75 U H = 7 550
B2 e K G (N-100) , B4 A 0 43 Bt 5228 725, °F- 3
BRERE M 3.9, 7% FHARIA AL TR B s i AR &% - AP,
SRR 120 wm , { FHHT 60 CCHEFE T4 7 d; 5k
(AD) ¥R 42 5.3 wm, K B8 A BR 2 A 4l A
60 CHEFE T8 7 d; BB E A (RDX) K42 50 wm,
i AT 60 CHLAE T 7 d; ZH AR =T 2B (T-12),
T B R E O 0.5% BRI, ) DOS; %8 R — ¢
JE(DOS) , 4 #r 4l , KR EDEE M 4 ik THF5E o .
1.2 HEHFEROHE

AR S Iy ] £ A R AR SRS 7 20 A 2 R A R
PFD & ft AN [\ A1, Hoe 41 4y L B B AH [R], PFD % 4t ML O
PETHZ 6%, 4% 1% %5 5 (8] B% , FF & g 5 R T 4 20 L
W,

il #4520 B SN TR MG R B R & oo B
2 BT HHR O A BB AS L B 20 min 5L MK
WA AL (RDX AP, B T — ol [8 R EORHE 15~
20 min 5] e E WO AR R R — 2 i Y [ Ak 1L
R, BEFE 40 min 235,46 50 C M E 2 BRI
2h, AR OB R T 60 Cok i HEAH A [
67 d, B JE A T8 2% i 24 b, DURF DL

Table 1 Propellant formula composition

sample number PFD/% binder(HTPE, N-100)/%  Bu-NENA/% Al/% RDX/% AP/%

0* 0 10-15 10-15 8-12 25-35 25-35

1" 1 10-15 10-15 8-12 25-35 25-35

2" 2 10-15 10~15 8-12 25-35 25-35

3* 3 10-15 10-15 8-12 25-35 25-35

4% 4 10-15 10-15 8-12 25-35 25-35

5* 5 10-15 10-15 10-15 25-35 25-35

6" 6 10-15 10-15 10-15 25-35 25-35

1.3 21§ KB N 10 pA, TAEHEE(WD)15 mm &4 F,

(1) #AEIMIR(TG) : TGA/DSC [6] 2 # o Hr 4L,
Hii 1+ Mettler-toledo 2 7 5

W 25— T 52 0% 27 4% FE i 5 152 I 3K
TR BE X [H] 2 30~600 °C, FHl K % % 4 10 Kemin™,
RSP 40 mL-min™';

D 2% = MR 52 Ol 6 5 A i 5 38 s DU 3 3
X [H] 2 30~1000 °C, F} i H R % % 4 30 Kemin™, &
SHFE 40 mL-min™';

(2) 49 4 i 85 (SEM) 11X . H A Hitachi 28w 7Y
S-4800 7 & it 414 ¥ 455 M R AN s 7E N B R 15 kY,

CHINESE JOURNAL OF ENERGETIC MATERIALS

g 00 A A AR ORY W 7 5 P I b T TET R b R AT Y
Ak 3RS I3

(3) WG /IR O /KA, Grace NASOR
800; i M2 1% , Phantom VEO1310; % 154 & 5 M
FEGL A AR 2 em JE 2 2 mm f HESE B R, SEBR
KT AR A A A R R R RO B B 2 5 mm i
RN

(4) k#2401t - R H Nano Measure & 1§ &b B 51 {4
FATR ARG A LA : Nano Measure 1.2.5;
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2 #HR5WE

2.1 EHFIHRSFREFE

T WESE PED B 51 A X HE 2 550 B8 58 #1134 S AR e
1k FE B 0, XS [ & B PFD B HTPE $i 2 50 B 5 ik
TR EM KL . o T X A PFD I 2 55 #4055
il BLBE S #4722 47 Ry B9 28 4k, BIF5E 8 B 0%, 27 (4% (6" FF
an AT T TG, &5 A 1 s .

"

— AN
4# £ 4
stage 1 stage2 stage3

______ ECC

cooorozoar A
Je2.67 | 1] 30667°C
1g7.33 0! | V236,67 o 30517 C |

22133 CI !
I
189.00 °C, 1L 3075C
1

=SS Ehung

dm-dt" / %-min”

el

50100 200 300 200 500
T/IC
a. TG curves of samples 0* ,2*, and 4*

at the heating rate of 10 °C-min™"

100

80

60 —DTG

329.50 C

mass loss / %

40}

dm-dt” / %-min”

201

200 400 600 800 1000
T/C
b. TG-DTG curves of sample 6"

1

at the heating rate of 30 °C-min~

B 1 R[E A PED HESE R A 19 TG-DTG 2k
Fig.1 TG-DTG curves of propellant samples with different
PFD contents

P 1a iRl LR B, A% GE 36 00 ik (O™ R i ) #E
FR 50 B R B A R S AR R R (2F ATRE S R T
B R A % EE LA, B = LA AR LS AL G 2% T iR
2k o MR A5 B (% 2 T iR R LUK i S0 RE S A S5 R 45
KO HITHB . BB —MRERLHN13%, 5k %R
TR S ) BU-NENA & 54 2, H i T Bu-NENA 2 IR
ORI E 2 168 CV L N LI B BE R R EIE T
Bu-NENA [ #5 %& , il LAk B, Bl PDF & & 380, 5 K2k
R R A S H W AR AR e, X E e T
PFD /I3 #4115 590 [ £k By B vT DL R B 0y 1 5 A i
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i 35 2 I, {45 286 15 700 5 B I 4% T Jin 5 3, %o 86 9 5 /N
ST RAVE R Z G . Bk R R A
A5 W IR TR A1 RDX 1Y 43 fif , 76K &% PFD By HfE 57
RDX FY 43 fif W Y 75 220 °C 22 47, {2 A PFD DL,
RDX [ 43 fif 16 B % 2E T 15~20 CHYSEJS . RDX [ &
4 7 Fff IR B AE 240 CZE A7 AR A ik 328 590 45 4 0y 19 1
R 5 5 v R e R A4k R, A PFD
LUJG , RDX 19 43 fife W Ik 10 2 11 B 43 fife W 3 5 10 % 8y
X FE B A7 B PFD Hh Kt 98U - 2% I PR R 5T
Wi o BB = o R LT AH TR, 2 B PFD FE Y B . 5%
SOl . T CHEAE R 1a iy e F i g b Mg ALY
Ak, DR UL e R PFD & & & 6% (67K &) IF % 7
A EEIKmin, EEmRMNEERSE
1000 °C, 153 2 & 1b #i 2E 57 2 5l 2k, 78 il 22 P Ak ok 1%
AR E AL RN o X B T A B TE
300 °C LA 5t B 2 26 4 750 09 43 i i 400 i 2 7, R EE R
AN B B 5 50 10 TS KGR
2.2 EHF R NS BREEERE
2.2.1 B AEE

T % E PED JIn A S HE SRR AR OGSk
H RS ], SRR OF T 37 il HEA T HOK ATk 5258, O
o AR ML I 53 A5 KR RE S BRI DL o

M 2 H R 3 O B T T SR RE 2 T
VEF & A R B8R e 19 8 8 2 LR T IR B0 4 5 o' S
Bt 5 I ] B HERS , AN 1.05 ws TR B, 9 & 78638 |- 3
BT R R A2, 814 ws i 3RS B AT
(52 B, 28 B 76 AR R R 22 15 1) L 7% 3% PFD A 4k 2 5
B0 A T R TR R R LA T R R
2.2.2 BENIEE

FRAE R AR RS B, 3 A 188 JROKE B2 w8 A< AH 3 [
A % T ) T 320 32, DT 34 5 0 R T Y #A A% BUR
R N T — B AN R H A& F T PFD %
6T 1 )R e ek B R R 5% R RE R AR 1Y B ), FE
3MPa(H ) Fl SMPa( i &) T, BEE 17 37F1 574 i itk
TR RE I Ak o #E 2E S AF 5 7E 3 MPa fil 5 MPa T
FR IR KA N TR 3 T 7 o

&l 3a.3b Rl DL& B, HE F ) KE 5 ZE 3 MPa il
SMPa £ 18 T 1 BE be KOG TE 5 26 B0 M T AR TR) 9 R4
Bl % PFD & 5 A 3G, KO ) 2 SE R 8 S 1, HL
KA R R . KIS IS AR AR R T
I E R R 0% 1 J) BB R A0 K A KR S A R R
TR /N RS ORI T 22 0 7 ARk o AE 1TPRE S R e 2k
At
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0%PFD

3%PFD

2 EFS5ANE PED SR RE G OE A k

Fig.2 Laser ignition of propellant samples with 3% PFD and without PFD

1%PFD 1mm 5%PFD 1mm

a. flame morphology of propellants
with different PFD contents at 3 MPa

1%PFD 1mm 5%PFD 1mm

b. flame morphology of propellants
with different PFD contents at 5 MPa

3 N[A] PRD & 42 4 50 i 09 IR TE A

Fig.3 Flame morphology of propellant samples with differ-

ent PFD contents at 3 MPa and 5 MPa

YIS AT R LR B ok £ 2R s BA
LU ) AR K e R, L KO e R X B R T A
AT J F9 AR DX, AT b LA g 3 DX J /D o A 3 R
Be KM, T LA B R R KR 2 R UECT i B
SRR DX S 9 A7 A2 A A 1 [T A A 1) 495 B A AR 7
Yy Bk be o TR 3PN SMARE il A4 4 2 R KA TR AR R
S B NG DX R A A T, L Ok DU R o A IR
A5 A AE B A R T BRE T, B AR Xt A e
TIUREIE R R 5 45 A0 B A 1 L RO P B 4
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& B R 5% SR 110 0 28 T /N LB A T R 9k 1) e A
BE o BTN Sy, AR R e 0 URE BOAS BB, 5 4R
KRR B O A O A U A R
oK TR f sUaE B[R] AL 4800 40 A i ALF, , 1 3R
P SR 11 5 4 ol 22 e %8 o0 ok 9 R ORE T I T R e
13 NG S T 1 <ol 0= S B € = SR = R
0L PR 7R AH R PFD & & 25 F . 5 MPa | 9 4 it
FURE S0 A R BR . 3l O X 3%PFD f A
HEFIRE S (3%) 78 2 B R 1 T 19 KA TE B B rpoal DLV
W 0 % B, 4 JERILE 5 MPa T, BV BE 5F w5 i), 4 k)
A BRBE T MR BN, K r %5 B TR, SE BE L T o [A] 25 R
Fe AR TR R 7 451 F R ] PED & 5 14 i 35 70 B 5 09 ok
YATE S5 T LAAE W, PRD &5 &2 (0 38 i R 45 5 e 1E 51
1A JER T
223 BAREANEETESH

X 17 3PN SRR i (1 R e VAR IEL 3R T 2E AT SEM WL %%
K EDS 43871, I 2% Fl Nano Measure 4 %} SEM &l %
T BERAR P RS S AR GE T SR AN 4 R .

ME 4a v a] DL & B, B A PRD & &t 9 35 m , 5E %
AH 7= W B 522 326 W /N 1) 3, FLBR B R ok 3% ThT 1) 7
FABAR Y B IG N . AL ZORY 2 5, H EDS fig ik
WoR, BEE SR 3SR A AW = T
INH L AERY l AIF, SR R & R 58 2 R Be i
WESER AR A . B PFD & =32 5 R bed 2
H R A R B I, R 58 3 T 45 2 43 v A AL R A A
T, 7 W26 30 A 3 A BUR Y 3G n . 1B 4b rh R < Bl
% PFD & o (4 T B R A 3 1T 1 IR R A% 74 7 U
IN SR AR 1% BB 5.13 wm BN & 5% B Y
1.04 wmo BRI TORE B R 42 /0N | B2 R TR RRURE K, 49k e
I v A A N TR A i R ) R R AR AL
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1%PFD

3%PFD 5%PFD

a. SEM images and EDS spectra of the quenched surface of the propellant samples
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10%f % 0/, -

OOO,FHH [ 1§£HT I ey ul
2 8 2 3 0 2

particle size / um

particle size / um

particle size / um

b. particle size distribution on the quenched surface of propellant samples

4 R[] PFD e SE 500 FF 5 BR be e 2% i

Fig.4 The quenched surface of propellant samples with different PFD contents

o AN REAR B R /N LA FIRIE T T PED A KT
R BE I ) R BLR K% T BRRAE AT, PRD 7R 2
0T A 2o i T S 0Bk 2 A 0 19 2% v B A 28 R 32 A
RS e B, — J7 T, & JRBE Be S B4R S ALY
Az B ALF,, ATF L A R 08l B T 52 A0, ™= <
i 1 [7] Fof 2 Bl B 5 014 U 4RI, BEL A8 0 9 T 3R 5
— 7T, & FURE BECRT DL ALO, OB, R R R AR
FE 00K 52 A MR E ) HHE E 7R 4H -, D T 2 A SRR Y
TR BB

3 % it

(1) A5 TR W, PFD (4 Jim ACAS 5% i 4 328 551
1) AR 53 Mgk I R AEL 75 4 32 57 b RDX B 43 il 48 5 15~
20 °C; H1 PFD 5 N-100 4= il 1y 28 25 H R 15 5 7F 250 °C
IS8 J8 40 i, 5 58 BT B U B 1) B
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(2) B0 A5 k280 F 1, PFD il A RE 98 A S5U4R &
I 2 ) A5 IR ) BB CBEOR

(3) BRBE I N B SR e VR JE FR T 43 BT 3R WD, I A
PFD Ji #E 2F 751 11 % b R Rz 45 R R sl /)N |, 7 4R A% 1R
WA 1%PFD 9 5.13 wm 38/ 2 %8 71 5%PFD B 119
1.04 . [F] B A4 2E 550 (9 B8 58 K0 1) o 48 7 B W 3
B, 5K TSR T A T B, R A ) A i

S % 3k
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Combustion Performance of Solid Propellant Based on New Fluorocarbon Binder

YAO Qi-fa', MAO Chao-chao'”’, SHAO Yu-ling’, XIA Min'?, LUO Yun-jun'*
(1. School of Materials Science and Engineering » Beijing Institute of Technology , Beijing 100081, China; 2. Key Laboratory for Ministry of Education of High

Energy Density Materials, Beijing Institute of Technology , Beijing 100081, Chinas 3. Xi' an North Huian Chemical Industry Co.Ltd., Xi"an 710302, China)

Abstract: The agglomeration of condensed phase during the combustion process of propellant is one of the main reasons for en-
ergy loss and nozzle ablation, and the introduction of fluorine into propellant is considered to be an effective way to solve the ag-
glomeration. In order to solve the condensed phase agglomeration of aluminum, a fluoroalcohol compound was introduced into
the traditional HTPE propellant, and it was integrated into the binder cross-linked network through the curing reaction to form a
solid propellant based on a novel fluorocarbon binder. Thermogravimetric (TG) and laser ignition were used to characterize the
thermal decomposition and the burning intensity of the propellant. The combustion surface flame morphology and particle size
distribution of combustion condensed phase products were characterized by scanning electron microscope (SEM) and EDS. The
results show that the weight loss of the propellant after adding PFD still includes three main stages, but PFD will cause the de-
composition of RDX in the propellant to be delayed by 15-20 “C.Moreover, the fluorine-containing segment will completely de-
compose and lose weight before 250 °C. Compared with the blank propellant sample, the propellant containing PFD has higher
burning brightness at the same ignition time. With the increase of PFD, the intensity of the combustion flame of the propellant
sample increases significantly, and the flame jet is more intense. The average particle size of condensed phase products de-
creased gradually from 5.13 pm (1%PFD) to 1.04 pm(5%PFD).
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