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IFi) i 3k G L 2 5 A 70 N o A 65 04K &R b 5 R 4]
A3 FE AN LA ) e

BT UL LRSS AR5k H Fe AR 1E & 4
L Aab )5 o AP/PVDF & 14 &2 & A4k 7 3 H 3R 1,
It 51 A Bi,O, 1E A A Ak 1, 353 il 4 7 IO R kg ok
B-Fe-Bi,O,@AP/PVDF & & ¥y , AR 4l I i FAAE A i 1A
AR R AR DU AR B G W A 44 8 nBHH wBHC, .
nBHH_ M nBHC,, I X§ B S 45 44 BB W 1 | o5 K A
IR R SRR R AH P HEAT T RAE ST

1 LEEH

1.1 ZWHREHE

SEUS R BRI CREAR 1~5 um) /138 E 77 30 3%
b T A BR 2 4L, 40 K 3 Chr 42 500~700 nm) Hi ##
i KA 2= B AR R T4 it . Fe( LA RIKTE X AETE
BiAR 1~9 wm, PH E A2 D,y 2.6 wm) /)22 8
B RERF A BR A 4L, Bi,O, CKi4E 100~300 nm ,
8 H 42 Dy, 224 nm) i 515 87 4 6L H A BR 2 7] 42
ft, PVDF(CE 143 78 534000) i 11 5 BAk 2= R
AR m R AP(100~125 wm) 1 75 22 3 A0 Ak 27 BT
FET AL

18 A7 B AR E L (XQM-2-DW) , K 78 K81 Ky
KEARARAF R THHL(FD-100) , L ifF HE
ARA PR % T HL(YC-015) , b i A A2 {3 %
F A B2 | 4 L 1 B SEM(ZEISS sigma500) ,
8 [ g\ R AT PR A A 0% R B AL (Mastersizer
3000) , B R X & A R A Al A B B AY
(ZDHW-HN7000C) , 5 5 i A G v B A7 BR A H
oE-22 8 A O & U TG-DSC (NETZSCH .
STA-692F5) , {8 [ ffit 5t A #5 i 38 A7 PR 2 A 5 ot a5k
W & T 3O6 3 55 A BRA R 3 8 2 D) g
Rk beiz W R4, H .
1.2 HEHHE
1.2.1 U4 K0 A 7 Ak 22

FEROKR B H , H 7 3R 10 AR R 0 AR AE T SO Ak
RIME o A2 AR T, 3 7 76 R B AN 38 5 1) [n) 80, 5 24
FRIURE B 25 o 38 3k T4 B AT R 25 Ak B o o Ak
FEE A T k7 8 K B0 2 Ik 2 38 40 SRR R 1 [) B P AR R AR
A ) R 14k B R AN F

TR B % T4k B . 7E 500 mL AR A 300 mL
F BT K, BB 24 g NaOH I 55 B B R AR b | 0 B ik
JEN 2 mol-L™" By NaOH % i . FR & 50 g SOk il , If
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B H A NaOH %W H , 78 G 77 5 4% Hh 60 CHid +F
4 ho KRR AR UE B R YR TR 12 h S
5 5 4b BR S B9 OK . b B S B o R 5 91.8%
K 943%, 0 CE T H 5.3% M E 3.1%. Xf
b 3 B ORI B AT O R BT L, R B D, R
0.5 wm, D, 0 1.9 pm, Dy N 6.6 pm(E 1),

YK B A A 3L R AR BV T O BRI D
10 min i H {2853 2, 50 )2 5 5 b 20 W B W g i
7008 OO0 or B J5 WIS WA U8 o B v R TR
12 hJa 15 20 4b B S A9 A0 K B . X Ak B S Y 94 K i 1k
FrOERLEE M, X B D, M 131 nm, Dy, 175 nm,
Dy, 5 240 nm (& 1),

20
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—nB
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B Ab IR G K I ok AR 23 A (]
Fig.1 Particle size distribution of micron and nano boron

after processing

1.2.2 pBHH_pBHC,.nBHH_% nBHC Kl %

o 8BRS 1 IS 25 T M 0 J2 Y0 ) 45 o i
BEWRITTE . it 5 REEREE R 45 2R R FE H
B G, A6 B BRA 0 S 5 b T, 4852 il 42 ot
A AW AR T o e 98 B 5 A R[] f A s ] il 4% 2
AR T AL e R A i A E AR
55 T M AT 45 250 RE 55 A0 LA /NG L 20 3k B SO A
VA R 75 R 5 E 2 TH 5K T I PE PR T M5 T I AR O
RIMZAT TP LBk A G A ok BT I A9 R
i BE Bk B 5 W5 5T T MR M 45 A R B R & B ok
B-Fe-Bi,O,@AP/PVDF & & ¥ , I AR 4f #4 { F B4R 58 %
X E AW HATRE . WA WA R
i B ER S 15 ) % B-Fe-Bi,O, & & W ; H W R FH Wi 55+
124 AP/PVDF 5 1 52 & A AL %5 1k %2 B-Fe-Bi, O, &
A YF MY R K B-Fe-Bi,O,@AP/PVDF &) .

7o AE K BB 4 % B-Fe-Bi,O, & & W 0yl % 16471 &
REREHNL L, A 9.7 g AL B 5 6 . 0.1 g Fe,
0.2 g Bi,O, & 100 i X il /N &K J5 81 A 25 mL A 1E &
$t , Lh 200 remin™ (9 5% BURE R 150 min O B € 5%

N XK 2024 % H 324 %104 (1068-1079)
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30 min, A5 10 min, P33 A £FBERE 30 min, i 19 1]
H) K TR Ao B S T 12 h 153 B-Fe-Bi,O, B &
Y. BREERTIG & A 1 A A TR A Ak 04 L 25 SR AN
TIE FH ER 8 o T AN 5 0 3% 0

5 35 44 1) 45 18 44 K B-Fe-Bi,0,@AP/PVDF B &
Yy 1 % ¥ AP FI PVDF 76 N, N-— B 3% FT 15 i 775 T
R A, EIR B RE 2 h, TR = AR BR S &
B-Fe-Bi,O, & & ., EIRMLHEFE 2 h, Hil 15 (1 &= 77 W H
FWESE b, e, R WS TR ARG &MWL 4
Yo Wi TS ERILER N 1T mm, A TR
125 °C, KUBL#E BE 35 5%, AR i  8 mL-min™'. #
P DL b R 4 OR [R)FCB A T 4 R R R g ok
B-Fe-Bi,O,@AP/PVDF & & ¥ , 4 %l fiv 4 & wBHH,,
WBHC,,nBHH_,nBHC, . J& %Xt ix Pd ff i 71 &2 4 9 it
TS A5HE) Rt K SR BetERE 43 T -

measure d heat value — AP/PVDF system heat value

1.3 MK AEEXLWLEH

SR FH UGB BE AR &2 4 W R BE R AT 3 A, s
2R 200 mL & BE Sy AL, IO AT A Sming SR
9 485 H 5 X A A 0 AW 5 A8 1 AT 4 L R 2
TAERE B 8.5 mm, fil i i s 15 kVo R A E -4 4
IS T 5 A 0 AR R A R D s RO
B, BE R LL10 °C -min™ 19 3 R M 30 °C i i )
1000 °C. R A o & X & & W i Bl i 47 0
MK A R (DG 3 MPa il <, R S 85 A9 31
W, BE S AR 600~800 mg, SR JH MR A5 S 22 Bl ik
Gi)BRBEH . 3 MPa U, R A s i A A
300~400 mg, & H PR 83 K 22+ 2 B A L 45 3] 1 4
HW LML HAE 150 R E G E . BAFE S
WIAE T — L A A B JL B2 & W R R e AR . IR g%
ORI RA K N

combustion efficiency =

K O 8K 6 652G W) 0 8 JE R #4743
Bro W 2R g8 3 2 i [ A0 ik & 1 7K ¥ COL MO & A=
5 ICEF ST K AR ML K . A CFR 43 B[]
3 ms) 5 CO, MOt & A 4 [\ 25 il &, i s 2 AR e it
PRG35 B0 L 307 T 547 nm kb BO, B F5 AF G 3%
g iR 35 50 1) HC H5 500 58 O 10% 19 BF ) 22 ) ] 5 fk
S B TR] [i] B B Ay A A i A i K SR ], 7E T
AL (1 atm, 25 °C) Hills , R AR &R R AR

K 2 DR BA R 12 W R G B2 5 W B K IG5
BRRIRE B R ST . RAREEE
1 R B bR s (BC 5 A A HLBE B AL 7 2% —A4>) %
RS R G (5T 538 5K TR R G I T/
KA R AT L) o HAHDLF = S LD AR AR .
KARA T IR JE R PSR 24 VLR A9 B 5% 5K 22
(@=0.5 mm) 51 A5 & ¥ 83 K (500 mg, -Gl 76 41 9
MR, K52 ) , R iX Cameras & 3 AHHLIC 5544
T 1B % 3t B (B OEFIA] 10 s, 1% 250 fps) , 4445 —
55— U BT Y B TR] 1] B AR S 26 W B R AR
i), 38 38 52 A o ek A DR A HsF T 3130 e R

2 #R5WiE

2.1 ETEREMSHRLENE T IZIT

ABIEFE S T PR R e R kAT T 7 BT
T JCT B/AP S5 My (HUARATE I ) 4 ) 2B A7 IR (B SRR e
AR, 5 21 PR R B8 28 5 d v 19 B/AP S5 I I
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X 100%

theoretical heat value of Boron complex

J5 s HOk fd ] PVDF & 43 2 48t AP, X B/AP/PVDF (HL#
AT B 1 25 ) 1EA T A B2 MR BE R 3 , ie 2445 31 5 (i
R BECR 1) B/AP/PVDF B A ¥ 7 -

XF B/AP 5 G CHLACAIF I 1] 5 ) 4T $AH SR Be AL
SRR, KB B AP RN N 1:4 B 52 & W R KGR
8.2 k)-g " IRBEIIR KA 12.9 kJog™'s M B:APEERIEL N
1:6 B &5 WTE R PR ROR R KA 57.8% , fE AR
FRR B R I Kk 87.3%. 153X P RRIC LL 9 L0l 1,
AP B4 ER 40k PV DF E4 T #AE SRRk il it , 540 bl
AP & B AR Ak i e & 2 B s (B 2a fiTE 2¢ 278
B: AP=1:4 LAl &5/ e 4 PVDF 15 21 (1 $4H AR BE sk
LR K 2b MK 2d S 7E B: AP=1:6 LAl |- 3870
PVDF 15 21| () I H FIBRBERR 25 5L ) . B/AP/PVDF K &
AE B AP 7 R 3E I SE 1 RS N, B R B AP i
Bl AR Z AT B S EREN E F 0 TR AR e 5 1H Y
AP Tt £ R R P AR S A BIRORT, HLRh AP AA(E/N
F PVDFIAE, T AR E 2585 TR, 24 B:AP:PVDF
TR R 150530 7 B S B, o MR bR Gk
14.6 k)-g™', fe i MK 9.2 k)-g7's A 24 B: AP: PVDF
Frit BB R 10:53: 7 B R bR fe i, 76 58U F i
R RRARRRIE 91 4% AET T S m R BRI 60.2%
A i Gauss 7P HUA TR R BR BBl 5 2 &
Y AP S AR 4 AR R it 2k R*(COD) 4 0.9890.,
0.9579.0.9706 & 0.9816, 3% L&X5 ¥ K F 0.95, &
ORI BT LAE H 45 3340 K B-Fe-Bi,O,@AP/PVDF &
B W] 3 ROV B3 e ) T B SR EL 15053 7 FIRBE IR
At
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10.0 100 10.0 100
B/AP/PVDF(B:AP=1:4) Ar
9.0 © 1 80 9.04 B/AP/PVDF(B:AP=1:6) Ar | 80
= 8.07 60 2 % 8.01 - 60 £
© © @ k=
f:’ premon=ee R R SR O TSP e o S e 9 2 = 2
2 704 b0 £ 70 L40 2
= ’ T' 5 =} c (xs =)
8 PSR DD 2 g 8 y = 1996 + 02 gt ? g
6.04 © detonation heat (kJ-g") 1 3\/; L 20 6.01 O detonation heat (kJ-g") 2 |7 20
<> combustion efficiency (%) 2 < combustion efficiency (%) 2
—— gauss fitting curve of detonation heat-combustion efficiency — gauss fitting curve of detonation heat-combustion efficiency
5.0 T T T T 0 5.0 T T T T 0
50 52 54 56 58 60 50 52 54 56 58 60
AP content in Boron-based composites AP content in Boron-based composites
a. b.
15.0 100 15.0 100
B/AP/PVDF(B:AP=1:4) O, O B/AP/PVDF(B:AP=1:6) O,
- 140 ) BTN - ts0
o o 2 = =
B = & 2
T 13.01 60 2 3 13.01 F60 S
= ‘S = .2 k=)
kS &E ;:’ R 5 = 10063 + 14330 ; -2 E
] eSO 12.04 x -40 S
é 12.01 y=12918+ 6405 | 40 % é 6\/; 40 3
8 3\/; 2 3 2
1. g comEusEon hfefla§ (kJ-g'(‘)/) 2 oo 8 11.04 o combustion heat (kJ-g") Lo 8
combustion efficiency (% & combustion efficiency (%)
— gauss fitting curve of combustion heat-combustion efficiency — gauss fitting curve of combustion heat-combus!
10.0 T T T T 0 10.0 T T T T 0
50 52 54 56 58 60 50 52 54 56 58 60
AP content in Boron-based composites AP content in Boron-based composites
c. d.

2 IRAE R BERR B B/AP/PVDF /K 5 f AP 5 B L 1Y Gauss il 15 €]
Fig.2 Gauss fitting plot of calorific value and combustion efficiency with changes of AP content in B/AP/PVDF system

B E ORI 10053 7 JEAT R 45 5256

2.2 wBHH_puBHC,.nBHH_ X nBHC BIREE 1EAE
R4 2.1 ol Oy BT E A5 R DL 1.2.2 il g O R R

wBHHc . wBHCe .nBHHc Fll nBHCe DU & & ¥ i 17

il £ , % i il % 19 wBHH, \wBHC, .nBHH & nBHC, &

BWHEAT T AW G IR T E AT RCR L 4

#1 WwBHH_ wBHC,.nBHH_ nBHC_ YK

W TR, a0, WBHH & A W) e KR Gk
9.7 kJ-g™', Fx KBABEINGE 14.6 k)-g s nBHC B AW T
AR PR TE 93.3% , T IR B GA 66.2%
nBHH, & & ¥ it KIEIGK 9.9 k)-g7', fie KR be B ik
14.8 kl-g"'s nBHC, & & ) 16 % < T # B s % 35
97.2% , A TR BRI IE 68.9% o

Table 1 Calorific value of n.BHH_, uBHC_, nBHH_, and nBHC,
mass calorific value normalization combustion Efficiency density volumetric calorific

atmosphere complex /K)g /k)-g /% / g-cm™ value / kJ-cm™

Ar wBHH_ 9.7 31.6 55.2 212 20.6

Ar nBHH_ 9.9 32.2 56.1 2.11 20.8

O, wWBHH_ 14.6 51.5 89.9 2.12 31.2

0, nBHH, 14.8 52.3 91.3 2.11 31.3

Ar wBHC, 9.1 37.9 66.2 2.11 19.2

Ar nBHC, 9.3 39.5 68.9 2.10 19.5

0, pBHC, 12.3 53.5 93.3 2.11 26.1

O, nBHC, 12.6 55.7 97.2 2.10 26.5
CHINESE JOURNAL OF ENERGETIC MATERIALS & f A 2024 % % 32% %104 (1068-1079)
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2.3 E## . wBHH, wBHC,.nBHH, X nBHC, B 7

IR

X JEAA RS il 45 89 wBHH .wBHC, .nBHH & nBHC,
BAAY AT LSS R A, S5 R K 3R . WA 3
A N F R EDE AR & 5o ORI (8] 3a) By 042
TE1~5 wm Z 8], F{EEAE Dy i 1.9 pm, HIEAR b
SETE s 94K B (1 3b) R4 7E 100~300 nm Z [1], H{E
HAE Dy 9 175 nm, HIB AR W HEERIE ; Fe (& 3¢) LA AT 5
WL X AF7E I RARRLARAE 1~9 wm Z ], I {H B &
D,y H 2.6 pwm;Bi,O, (& 3d) Jy #EBRIE 45 ¥ , B 42 78
100~300 nm Z [i] , o ff B % D,, & 224 nm; PVDF

20pm

20pm

3 JEHRE (wBHH,_ wBHC, .nBHH_K& nBHC, % & ¥ SEM &

(& 3e~) 22 W (B R 10~30 wm) LLEOIR M) 42 1, i
W CEE R 100 nm) DLSKIE JUkL hy 3 5 AP (18] 3g~h) %
W C e R 100 wm) B8 2 18 A IR , 00 C L B Ry
1 pm) AR . wBHH, , wBHC, .nBHH_} nBHC &
AW CEBiI~DIER A EERE , Z8E &R 1
500 nm~2 pm Z [, /CEE G P RSFIKE] 10~20 wm,
HZ 8k S A AEFLIN . nBHH, M nBHC, & & W11
AR T wBHH M wBHC, B AW, RN~ # ok,
UL 9K B 5 AP/PVDF 4 R 3 e P 53 47, 5 1842 fish 2%
SR T 05 AP/PVDF R R (ML 34 ks i 2 &)
19 KRR BEPERE o

10pm

20pm 20pm

Fig.3 SEM images of raw materials and wBHH_, wBHC,, nBHH_and nBHC, composite

XF il % 9 wBHH_, wBHC, .nBHH_K nBHC, & &
Yy (& 3i~D) AT IC R 204, & B B, CI A F =l TR 43
M5, JTCE M4 SR B It K 4 A i B4 N Y 2
WKy . Cl ot 28 43 A Ao 8 X R 1) 2 Ak 71 AP, F JC & 41
A o 8 X N Y J& PVDF, B e E b kB, S
PVDF & & AH L, AP & iz iz £ T 9 &t PVDF & &,
X5 Bk A X . SRR A W P R B AR
LR IT AP, PVDF 5 2) 53 A 7E 2 SR A 9 3 e e, 12
W o R R JES IBC 5 W5 25 T MR i A HLA O S i B B AR,
2.4 wBHH_ pBHC,.nBHH_ X nBHC HJ# & M i& 4

1E 25 S AT IR R 10 °C ~min™' X wBHH, .

Chinese _Journal of Energetic Materials, Vol.32, No.10, 2024 (1068-1079)

wBHC, .nBHH, M nBHC, & & ¥ #F 17 #4 5 1 P 43 #Hr
HTG-DSC i £k an & 4 fr 7, 6] i 48 43 B RRAE 2 840
mFE 2 /R,

o1& 4 v A, Bl R T AR R B eSS
S AP i (247~250 °C) (AP I IR 23 i (296~
308 °C) AP & i 70 it (330~348 °C) F1 ke 1 0l 48 1k (44
K 595~596 °C . f# >k 749~758 °C) 4 4> #4421 By Bt .
AP B I R D7 dn B 8 g SE T a2 RO R AR G
FEE A3, AP = AR o i 15 AT 20 % 20 30%, = T
AT o3 AR A R R IR A R B B Y
fig 77 #£ 3 8 NH,ClO, =2C1,+2N,0+30,+8H,0, & i
N Lk

www.energetic-materials.org.cn
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10 O3 fi Wy B 7 #2 ok 2NH,ClO,=CL+2NO+0,+4H,0,
s g EEH BT UL 7 (AR B EEE 2 7k ClO, HCT
redso N, 7 6 TR AN A A NO, HC % =it 8L, 2
ok EYEAR B EY RS AP o ff KPR
0 ROKE RN AE B B,O, (M U7 B 3 4B+30,=
0k nBHC, - 100 2B,0,) iz R Wt R #hoig e SRR G Y

- SRR
o K2BE T AMESYWAAETHEEAR 10 C-min™' 2
= o e ST TG-DSCH MBS E 240, JEh wBHH, A1
% 2L WBHH o g» WBHC, & 5 4 i AP IR i 3 fif 4 1 ¢ 307~308 °C /&
= A, T AR AL W B B 41 3R 4R T 7E 750~760 C 247
- +24.8% 50 nBHH_F1 nBHC, & & ¥ 1 AP X il 43 i 4 vh #E 295~
o ~ 300 °CZ2 i , M 4L B Be B9 40k 38 B2 45 b £F 595~
40 600 °CZ 4 . nBHH_FI nBHC, & & ¥ % PE % wBHH,
or 5 wee| ' il WBHC, 15 . wBHH, Al nBHH, & & ¥ % pBHC, il
| s a0 NBHC, 76 AP 43 By B I 41 e 40 T4 B Bt
i WiHE & 1 WBHH_ R nBHH_E & ¥4 800 5 Lt
0 , 1o M2 . nBHH E & Wi & 3.7 k)-g™', wnBHC,

0 500 1000

temperature / C
B 4 WwBHH_.wBHC,.nBHH_ & nBHC, & & ¥ 1 T} i i %
10 C-min™ =AM T B TG-DSC i £
Fig.4 TG-DSC curves of pBHH_, uBHC,, nBHH_ and nBHC,

in air at the heating rate of 10 °C-min™

AR 3.0 k)-g™, S FE I pBHH Z &9
3.5 k)-g" . nBHC. E AW #4 3.4 kJ-g™'. pBHH,
M nBHH & &Y wBHC M nBHC ZE &Y, X
522 B4t —8.

£2 10°C-min" 2544 F wBHH, . wBHC, .nBHH_K nBHC, & & #11 TG-DSC #4345 1F B 5L
Table 2 TG-DSC thermal analysis characteristic parameters of uBHH_, nBHC,, nBHH_and nBHC, in air at 10 °C-min™'

Complex Cy/ % W o / % W, | % oo/ C T/ C Ton ! C T,/ °C H /k)-g"
pBHC, 14.3 88.7 13.8 249.9 308.4 348.4 757.5 3.0
LBHH, 20.0 82.6 24.8 247.7 307.1 3423 749.1 3.5
nBHC, 14.3 83.6 16.0 250.4 299.8 337.9 595.9 3.4
nBHH_ 20.0 79.7 17.6 250.4 296.1 330.5 595.7 3.7

Note: C, means effective boron content, W

Api Means AP decomposition quality loss, W, means boron oxidation weight gain, T,, means AP transition tempera-

ture, T,, means AP low-temperature decomposition temperature, T,, means AP high-temperature decomposition temperature, T, means modified boron

oxidation temperature, and H_means heat release.

EAFIE A X 4R 5 AP 43 il BT i 451 3
KEN T 80% A, Horh wBHC, & A9 i 2 461 2K o 1k
88.7% . 4ie SCHRL 14 ] B AR B4 kX 0 1 4 FH LB
PR . AE AP S f L, £F BE % PVDF 43t Fe F1 Bi,O, i1k
P B R Gy ek, BIERRE N (1)PVDF
g3y C-C RN C-H HE 25 S2 1 8T 24, B HF  HF
52 TE 1) B,O, & A B i T P BAAH Y BF . (2)
Fe #1 Bi,O, xf LA - Jz W A2 i Ak A 1, 5 SO0 by 2% 1 B
Z 1) B,O, 9 X N 578 & o JIT L i 1 o b1 2Kk A 96 AP
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53 PVDF 53 \B,O, Bk [ b 5 7% & 34~ id & .

2.5 WwBHH,. uBHC,.nBHH_ % nBHC,_ Hj & N 1% 42
% &€

B R N R

FIH 1.3 7954 2 09 BB R 7 5 % wBHH, \wBHC, .
nBHH_ M nBHC & & ¥ 09 s K PERESEAT R 9T, 4 M &
A WO o BE AR Akl e an 1] 5 BT R, H Xk SR i
o, YRR SIS s B, Z %50 R 5l B o B Sl O 5
KR F 5155, & 100 5K 635 & a1 FE 1 ms. H ¥l 5a~d

2.5.1
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Fig.5 Trend of spectral intensity of uBHH_, p.BHC,, nBHH_and nBHC,

KL, 25 26 WO I o B B Y 81 3 i S 1S RS
I B O IE SR B AE 10000~30000 Z 1] . A [a] H A
P ROGIEmERmMN EENEZRZEAPRE G #t
SR HE T AAGH R, AP R A AT IR () R I ok
i AR RSUR | ) B O A i R A Y AR A Bl TR AR ok
AbE . e 4 MG WP, nBHC, (& 5a) B #x KOG %
598 B AV K 10185.5, 1 nBHH_ (& 5d) #Y 5% K % 1% 58
B ik 27367.7 , wBHH_ (& 5b) Fil nBHC, (&l 5¢) 1 &%
KOG i 5 B Wk 20183.1 F118760.6., wBHH, Al
nBHH_ & & ¥ % wBHC, Al nBHC, f& K i % BF o ,
S A WBHH_ R nBHH & & 91 A 20 & & 3 £ Jf
5 AP 4y M5 AP I E A B E A A T2
G RCR SUBRE  REB R gk R A
TR T 5L 5 G W B RO i iR R 5 2 R R 4 oK i R
326 W) L R AR K, KRB I AL R T 2

4 Fh AW B KGR AL B AL 200~1100 nm 2 [i]
16 % AN 1 6a fiF ik, Hodb BO #54E 16 K 432 nm, BO,
FRAE W7 T 518.9 nm A1 547.1 nm &b, B4, di T 6l
FEAE 2% i, F A I %) 589 nm kb8 T 767 nm kb B
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BO, I i I 52 Wi sii K B[] 4 5 R 4 6b BT 7R , pBHC,
1 5K SE R AL Ry 39ms, T nBHH, (19 & Kk % B ik
26 ms, nBHH_FIl nBHC, 4 i K AE IR 4351y 28 ms Al
37 mso 4R E G K RIS AR A B 5 B KOG R
JEE A Ak SR AL, FE AN PR AT
2.5.2 NI REESNE

FIFHBR B2 Wi %) wBHH, . wBHC, .nBHH_& nB-
HC. 5 & Wit 17 KA G510 S AL R R PR BR PR AR 5T 5L 55, 4
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H & 7 0] & 4 Bl A S PR e R I A K
Y, X 5 R BE & i BO, G 3 AR X, 1 B I S
5k be ) E B R Ay o AR E A W B e
I K EAT 3 o 3 B B R K B B R B R
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B D B IR S R B B . FERR B K B B, ok
SN ECRE R E QR R NS LN g S G
TERR B 7 B2 B B, BR8Ny R 22 AT, B K &= R
A, koda Bl g SR T BT, B R L s = Yk
N Lk

www.energetic-materials.org.cn



e IR b AR B A Ak R A B I A Y D A % P BE

30000
BO, — MBHC,
250001 | nBHH,
B.07 —— nBHC,
200001 fBHH,
ﬂ
5
8 15000
=
2
S 100007
£
5000
0_
200 400 600 800 1000 1200
wavelength / nm
a. spectra

B 6 wBHH_.uBHC,.nBHH_J nBHC & &
S5 32 KRB AR ) 6 R

Fig.6 Spectra of the maximum radiation at 200-1100 nm for pBHH_, wBHC,,

Y fe KA G4k 200~1100 nm 6% A wBHH, . wBHC, .nBHH_A& nBHC,

1075
30000
uBHC:39ms  — HBHC,
\ —— uBHH
250001 [\ UBHH,; 28 ms HBHH,
\ e—
\ nBHC,: 37 ms nBHC,
20000 [ nBHH,: 26 ms — nBHH,
5 ‘
5
8 15000
=
(7]
& 10000
E
5000
0_
0 200 400
ignition time / ms

b. peak radiance-ignition delay time

5% BO, W5

nBHH_and nBHC, composite, and relationship

between peak radiance of BO, and ignition delay time for uBHH_, pnBHC,, nBHH_and nBHC, composite

u.

ms 200 ms 400 ms 550 ms

624 ms

(b) uBHH,

0ms 100 ms

500 ms 538 ms

Oms 150 ms 250 ms

- H*
0ms 50 ms 150 ms 200 ms 272 ms
B 7 wBHH_ wBHC,.nBHH & nBHC & & ¥ i o A L4 1%

]

Fig.7 High speed camera captures images of flame struc-
tures of wBHH_, uBHC,, nBHH_and nBHC, composite
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Yo k22 %96) o wBHC Hl wBHH (& 7a~b) 7£ 4y
400 ms B} k4G ik 8 i K, wBHC, (Bl 7a) 7E 624 ms
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272 ms BFAEK o 3 3905k 1O A B AR A G W 0 R
BRBEWEIRl, R B T MRl . EXEE 5T,
nBHH_ Y T & B8 3 % &5, 15 1.84 g-s7'; pBHC, /Y it
R A A 0.80 g-s™'. wBHH M nBHH & &9
B wBHC, Al nBHC, it & A #i P, iXx 5 2.4.1 4y
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%) Ji DR A T o

KRt 2 A0 R T LM AR LIRS T 4 702 & Wik
BI) 5 e WA BRI BE B AR e D A5 L A5 R A 1B 8 T .
M TE] 8 14 K 45 45 R T LAA) 26 40 W BT A 9 it 3 TR 0
AT A ARONE 22 5 o BB T4 SR 2 BT M U 1 AR B, S PR R
BERTRE & A oy 22 5, AH X SEHU(E X F 2R G0 il L A DY
PG RREAEZEZ L., 4MESY N R
R TE 1954~2011 CZ i), H v nBHH_ Ml nBHC,
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B WBHC, Fl pnBHH & &%) (WBHC, 1981 °C, nBHH
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£3 wBHH_ wBHC,.nBHH_K nBHC & & WA HEE S5

Table 4 Combustion characteristic parameters of uBHH_, uBHC,, nBHH_and nBHC, composite

flame growth time duration of combustion

complex

flame attenuation time total combustion time mass burning rate

/ ms / ms / ms / ms /g-s”
wBHC, 280(44.3%) 228(36.1%) 124(19.6%) 624 0.80
wBHH_ 212(39.4%) 260(48.3%) 66(12.3%) 538 0.93
nBHC, 100(27.8%) 96(26.7%) 164(45.5%) 356 1.40
nBHH_ 72(26.5%) 84(30.9%) 116(42.6%) 272 1.84

Note: The flame growth time is defined as the time from the appearance of the flame to the formation of the mushroom cloud flame cluster. The duration of combus-

tion is defined as the duration of the mushroom cloud flame. The flame decay time is defined as the time from the weakening of the mushroom cloud flame

to the disappearance of the flame. The mass burning rate is defined as the mass of B-based fuel divided by the total combustion time of B-based composite,

the percentage in parentheses refers to the percentage of this time to the total combustion time.

temperature / °C
1981

1135

984

807

temperature / °C

temperature / °C temperature / °C

20M 2005
1150 1154
988 995
813 820
0 0

8 wBHH_ wBHC, .nBHH_ K nBHC, & & Wik 2 fi & i 20 A 4% &

Fig.8

1954 °C) & , td BB 40 4k o] USRI+ S A0 70 & 4 )8
) 2 il T L T X A K BRBE AT 25 . wBHC, 19 B i A
(1981 C) A nBHC, 1Y fie i A T (2011 °C) 435l i F
wBHH_ (1954 °C) il nBHH_ (2005 °C) , i W14 0 £ fy
AP L5 21 52 4 W i i 5 4 Ak 7] (AP R PVDF) 4% fiih
TR A KRG R B BN G IR
FhiE o
2.6 wBHH_.puBHC..nBHH_F nBHC, i) B BRI =1
2.6.1 FYIMNFEIREN

wBHH,_ wBHC,.nBHH_X nBHC, & & ¥ #E 5 M
BRBE 1 (CCPs) 1Y i Gl s B8 7 an 18l 9 ez o | 181 9 7T
PLE 452 A CCPs KA AE 5~20 wm Z [8] , 1 7
HRLAE S 5~10 wm B IR FT 10~20 pm 1 7 4R 79

v @) a5 9
» 5 ,
g \J.Q

(a) ‘WBHC:

9 wBHH_ wBHC, .nBHH_K nBHC_ & & WA Ee ™= W i . i % I

Infrared images of uBHH_, pnBHC,, nBHH_and nBHC, when the composites reach their highest temperature

¥y . wBHH (& 9b) Fl nBHH_( & 9d) A CCPs J 1k
A WBHC, (8 9a) Fil nBHC (K 9¢) B £, I B
M. I ENNE9I(a~d) LB, X 4S5
CCPs H BRCAR 7= ¥ 34 29 43 A A6 Rk 7= Wy 2R |, BRIk
) 3 IR AE AR ER Ar BR Y, & K AW CCPs P
R
2.6.2 FEYIHIHHE A R

wBHH_ . wBHC,.nBHH_ } nBHC, & & W) #k 42
Yy 1 Bk ORI B = W) (CCPs) 19 M 4 i 4n &1 10
JIi7R o

W 10 T & B - 4 F 52 5 ) CCPs W) AR 4 AR 1,
F % B,0O,.B,C D it R R IRBEM A 1L . 7T
14.5° K& 28.0° 4k 1) B,O, if 4 U 0 {H 88 K7, F

Fig.9 Microscopic photos on the combustion products of wBHH_, wuBHC,, nBHH_and nBHC, composite
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Fig. 10 Microscopic photos on the combustion products of
wBHH_, uBHC,, nBHH_and nBHC, composite
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TEIX 4 F & S W AP 23 i 7= £ N,, H,O, CI, #l
O, %K, PVDF 43 it 7 AE LS HE M S Co HF
9 3% AR AR R B, O, K20 AR URAS BF, FTHL O, BRI, 2
5 7E T 2% 1 A AR AL BRAR 45 ) B S B L T S A
Fefh, SR AMLER LR O RENMNSS
PVDF 43 fiff 77 A 19 B FILAS 3 v 1) 480 A= B, i 5 ke
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LI 4 K B LAP .PVDF .Fe .Bi,O, N 544 %}, % H
I REER S S WS TR AH LS G 00 T4 il a1 4 Fh
44 K B-Fe-Bi,O,@AP/PVDF & & Wy , A 4% H & (il
T 1R R B SR I R K 4 B R A W i 44 O wBHH .
wBHC, . nBHH_K nBHC,, Jf x§ H ¥ §1 45 # | 34
PR CKCHE IR | T R RN A R R AT T R AR 4
Bro EZFRELWT

(1)*4 B-Fe-Bi,O,/AP/PVDF i it tb M 15:53:7
b, R e 5 T B e 10: 53 7 B, R B AR
o WBHH B G KIEIGE 9.7 k)-g7, i K AR bE
ik 14.6 k)-g's wuBHC K B W TE R AP IR B GK
93.3% , WA H IR RCR I 66.2% . nBHH & & W)
KEEGE 9.9 kJ-g7', e KA B FAIA 14.8 k)-g"snBHC,
AW R PR IR 97.2% , PR B R
£ 68.9%.

(2) pnBHH, fil nBHC, & & ¥ & 1k i & 4 b 4
750~760 °C, AP [ 1% i 43 fiff 06 £E vh 7E 307~308 °C 5
nBHH_ A nBHC, & & ¥ & Ak il B2 4E v #E 595~600 °C,
AP [{I% 573 i 0 82 7E 295~300 °C. nBHH FInBHC,
B AW R 1 PR WBHH_FI wBHC. E & .

(3) 4 Fl il 3k 52 & 0 1 B v 1k 68 T 7E 1954~
2011 CzZ[a], Hovh nBHH_ & & ¥ /9 55 J %iE 3R f5 J
(26 ms), H Sk e =5 (1.84 g-s™') s WBHC A W11
SUOKIER e (39 ms) , R 5 {1 (0.80 g-s7') .
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Preparation and Properties of Halogenated Oxidant Coated Modified Boron with High Combustion Efficiency

LIU Rui, YANG Dan-feng, ZHANG Yun-long, NIE Hong-qi, YAN Qi-long
(National Key Laboratory of Solid Rocket Propulsion , Northwestern Polytechnical University , Xi'an 710072, China)

Abstract: In order to improve the ignition and combustion performance of boron powder, four kinds of micro- and nano
B-Fe-Bi,O,@AP/PVDF composite were prepared by high-energy ball milling combined with spray drying method. According to
their high calorific value and high combustion efficiency, four composite were named as wuBHH_. wBHC, nBHH_ and nBHC..
Their morphology, thermal reactivity, ignition delay time, mass burning rate and condensed phase combustion products were
characterized and analyzed. The results show that the maximum calorific value of wBHH_and wBHC, composite in argon is
9.7 kJ-g™", and the maximum combustion efficiency in argon is 66.2 %. The maximum calorific value in oxygen is 14.6 kJ-g™',
the maximum combustion efficiency in oxygen is 93.3%, and the oxidation peak temperature is between 750 °C and 760 °C. The
maximum calorific value of nBHH_and nBHC_ composite in argon is 9.9 kJ-g™', and the maximum combustion efficiency in ar-
gon is 68.9%. The maximum calorific value in oxygen is 14.8 kJ-g™', the maximum combustion efficiency in oxygen is 97.2%,
and the oxidation peak temperature is between 595 °C and 600 °C. The highest combustion temperature of all kinds of composite
is between 1954 °C and 2011 °C. The ignition delay time of nBHH_ composite is the shortest (26 ms), while the mass burning
rate is the highest (1.84 g-s™"). The pnBHC, composite has the longest ignition delay time (39 ms) and the lowest mass burning
rate (0.80 g-s™'). The condensed phase combustion products of various composites are mainly composed of B,O,, B,C and a
small amount of incompletely burned boron. The morphology of condensed phase combustion products includes 5=10 pm
spheres and 10—20 wm flakes.

Key words: boron powder modification; interface modification; integrated design of fuel and oxidizer;ignition and combustion
performance
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