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o A — R I M A BT B KNO,, B M R
KNO, W {8 P B AIK 47 % o 33X BEAF 5338 i 51 A 5 7K 5 A
oAb s Sl B, B S CGE T KNO, P4 Beae 0
BA— 5 7K M SR X LS A [ D B T BPN sk 24 R
o7 3% P 1 5 2R o

P —J5 1, i U 4 )& (NiL Cu %5 ) K H A Ak W »of
NH,CIO,(AP) %5 b1 o} i Wi #4405 AR AR R,
X R B R e v BB R B4R EAE DL R, Cu b AP E
BEUESE B R RO EREN T A B TR TR OGS
KRG R . A, R W e
M 9 9823 3 B, O, T i AL, AR U R PE IR AL
B, TR B,O, Ah 52 A B 24, 45 T 0 a1k 24 A HR bR
PERE

BPN A5 2k 24 11 W 3 P R Ak 1 BB R K 2 1
A CEEPE RS AR, R SRR I AT SRR . Y
L EE X BPN Ak 25 W0 0] 8501 o5 1 F 5% 22 46 vh - F i
KV RE 1 B2 T, A DG T o] 58 5k e 5 18 11 K PR
A 5 0 KCHERE BB SRR AN T 43 o 33X ol P ] 34 58 2L
N XF T BPN & ok 25 7 ™ 8 PR 5% (AN W) R 2 45 i mT
SEMEMBR R SRR TR, I R R
1 G 19 5 I 19 ) 52 57 2 IO 35 E KNNO, 36 T A4 22 Al g 1R
il (CuSt,) 4 )2, I A K i o ik g 7K 35 141 400 1) 1
W2, [ B 2 48 Cu 9 6 #E A6 VE FT A4 T+ BPN 2k 2l
B OE R, ot — 2l = A L -Tm IR s IR )
(Fyy0) 7€ CuSt AN ZE 4 5B M 2 | 385 5 g /K M 09 [) B 42
1 B/KNO, sk 25 19 S By 36 M o % 3% 1 S 30 T g K
S A s e Ry B [ AL, O ok 2 B RO Ak B it
TR

1 SEWEH

1.1 XA SE

ST R RL 0K (GBI ), <5 pm, A >98%, I
1 22 o AE AR B A BR A W5 5 R 48 (KNO,) |, 4 Bt
4l 4l >99.0% , S T RE B Ak 27 A PR F 5 B s R
(CH,(CH,),,COOH) , 4t 4l , 4l i >99.5%, 11 2% e
ARAEACBHEA BR S W 5 B R i (Cu(CHL,CO0),-H,0) , 4l
J£299.0% , L BIRL T AR AL BB B A R Al 5 = 3K
A 2w 3B Y (Fy,,) , h 2Rk T E5E
B ; & B (CH,CH,OH) , 4l >99.5% , iU #F 1T B} B 1k 2%
WA R A 2R 21 (CH,0,) , 4l >99.5% , N H)
iRk fb 2 A R F

LAY - 7 BB (TM4000) , H 372 Al 5
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Bk £r ARG (1S10) , Je & J1 A 8] X S i 1T
St (250X1) , 3¢ [ 38 B KA IR B 24 W] 5 ) 22 38 0 A (X
(STA 449F3) , i [l firf Bt 2> W] 5 pLJOR & 26 B T 1A%
X (ICPOES730) , & BR Gt IR BRBE 28 7] 5 K H2 fish £ 0 4t
L (OCA25) 1l KA.
1.2 #HREH&E
1.2.1 KNO,E4 &

KNO, K48 K /N5 B/KNO, &5k 25 1 1 fE AR 56, 1R
i B/KNO, £k 2 5 K 72 FH b 207, KNO, 1 KL 42
20~80 wm B 25k 25 M RR R AT, AR 52 5% FH JEORE KN O, KL
IR (400~2000 pm) , R H E 45 25 KNO, R A2 i
FE% 20~80 wm. H4G ST FRAT o 20 g5 KNO,
VT 80 mLZEIB/K BV IBCE T 30 CR#E i 1 2%
IFLA 300 reminT B BB ATHORE . FBF H G A R L ]
W F 80 mL ) CH,CH,OH LA 40 mL-min™' if§ i
B A FEER B FE 1 h K KNO, B 77 L g I
CH,CH,OH % , ¢ Ji 7E 60 °C 1l H 25 HEA ok 4%
i KNOKET
1.2.2 CuSt,=(F,, B E G B ML

B B D LS S KNOL T 5 mLZE 18K Al
5 mL CH,CH,OH I & B B KNO, IR FI s i 5 e
WL KNO AR A 0.014 g Cu(CH,COO0),-
H,O, I & T 8 J1 6t £ 2% [ 2L 300 r-min™" 5% 3 i £
5 min, ffi Cu(CH,COO),-H,0 T4 &t 7 8T KNO,
LA 5 SR 5 L BRI 1.000 g B 45 & KNO, 7 8T
R E 1 KNO, IR FNE W B 8 KNO, B PR R, IR
FFLL 300 remin™ BB HE , (ff KNO, BRI 5 43 11 5 B
J& ., Bk B 0.020 g CH, (CH,) ,,COOH # + 5 mL
CH,CH,OH J& i CH,(CH,),,COOH i & , fiff FH %
W CH,(CH,),,COOH % LA 5 mL-min™" % # i A
KNO, & W, I LA 200 remin™ #5540 1540 55 1
AT i 12 AR 7E KNO, 5 2 181 2 1 B 1 CuSt, T JE -
BB (1)
2C,,H,,COOH +Cu(CH3COOH)2-HzOH

Cu(C,,H,,COQ), + 2CH,COOH + H,0O (1)

HRAE 507 =X, Cu(CH,CO0),-H,0 5 CH,(CH,),,COOH
F BE IR B SR 1: 2, BRI R B 4 o CHL, (CH,,) ,COOH,
Cu(CH,CO0),-H,0 &, 43145 0.020 g CH,(CH,) (COOH
SE 4 N I 2942 % 0.022 g CuSt,, B A B AY CuSt, Y
AP RO BERE . R R 1 hE B KNO, & 77 Wit
U8 i ] CH,CH,OH Bk, JF1E 60 “CE=S JEAR h 471
o I ZAHARTT CuSt RN 2% 19 KNO,@xCuSt, i
N Lk
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K, I8 M KNO,@2%CuSt,, #i¢ I8 5 77 fe =353, fd
Fi CH,(CH,),,COOH (0.040,0.060,0.080 mg)# Ik
5 Cu(CH,C00),-H,0 (0.028,0.0420, 0.056 mg)
JEAL R 45 KNO,@ xCuSt, BEf (x 23 33K 2%,4%,
6%,8%) . PREL0.020 g F,,,, i T 5 mL CH,CH,OH, ¥
Fopa 7 WRCE T 30 CHRE S B FE#S 1 LA 300 remin fi $F
5 min, F B 1.000 g KNO, 4+ # T F,,,, I & H B &
KNO, 2% W . i /& W &% 15 mL CH,CH,OH Lk
5 mL-min™ % 3 A KNO, &R R T, £/ UiiE 1 h
Ja o KNO, & 7% i) 98 , CH,CH,OH 7 % , 60 “CHt
T AR TR, BB 2% B KNO,@yF,,,, Wik, id
N KNO,@2%F,;,,0 # F,y,, K & & O 0.040 g.
0.060 g, fil %& 1 KNO,@yF,,,, B ki (y 2 $I 4L 3% 2%,
4% ,6%) o

0 0
1]

I
CH;-(CH,)7C~OH  CHC0—Cu=0~C—CH,

1
HO O

in situ reaction

KNO, 0 0
1l 1
CH;~(CH,) =C—0—Cu—0-C—(CH,),=CH

1 KNO,@xCuSt,@yF,,, WAL 2 45 #7535 A

3

|
| A A |
FCFHEF

1.2.3 CuSt,#0F,, , W= € BT

FREL0.02 gl F,,, 8T 5 mLCH,CH,OH ¥ F,, i
W TRESEFERE LA 300 remin 553 AT 4E 5 min,
TE L F,,, 05 W s B S B 52 5675 21 1) KNO,@4%CuSt,
WKL 43 BT Foy, 0 WRTE B MO, B W K
15 mL CH,CH,OH L) 5 mL-min”" i A KNO,@4%CuSt,
BIPWCP RSB 1 h S, 4 KNO,@4% CuSt, ik &
7 W ik, CH,CH,OH Bt %, I 78 60 “C N #4746+,
A oy, BB 5 N 2% 9 KNO,@CuSt,@F,,,, i
Fi 10 N KNO,@4%CuSt,@2%F,,,,, 7~ = & 4 & 1 fr
R o B KNO,@4%CuSt, . KNO,@6%CuSt, 43 91l il
2%F 504 A%F ., B, H2 B [ 1 o 4 O 1, il &
i KNO,@xCuStL@yF,, ,( x5 1 7 4% , 6% ; y 43 Bt
%2%,4%)

F2314

CuSt,
KNO,

solvent-antisolvent method

FFFHFF
1111

Cl Cl

Fig.1 The schematic diagram of the KNO,@xCuSt,@yF,,,, double-coated structure

1.24 HARHGHE

A3 BIFRECE 25 5 KNO, . KNO,@xCuSt, KNO,@yF,,,, .
KNO,@xCuSt,@yF,,,,0.30 g, F X HL 0.10g M 7l ¥ -
B KNO, (e R sl ) ks 5 800 2 2018 A (& L
3:1), 1l % B/KNO, 5 K 25 (B/KNO,@xCuSt, 55 K 24 |
B/KNO,@yF,,,, #i. Kk 2§ F1 B/KNO,@xCuSt,@yF,,,, s
K,
1.3 SDHRMAE
1.3.1 WHERECBNRRERKMEERIE

fii F SEM X %2 45 i KNO, . KNO,@xCuSt, .
KNO,@yF,,,, fil KNO,@xCuSt,@yF,,,, i % i JE 51 , %
JH SEM-EDS #E47 BB 1% 43 BT , MK HL R 5 KV 5 R HT 1L
A5 e 21 b S 3% AL % 5 45 i KNO, . KNO,@xCuSt, .
KNO,@)yF,,,,. KNO,@xCuSt,@yF,,,, # 17 & P 43 #r &
fiE, P& K 2 500~4000 cm™ ;38 ik X 55 2O oL BE 1% X
(XPS) %} # 2% 1 KNO, . KNO,@xCuSt, . KNO,@VF,,,, .
KNO,@xCuSt,@yF,,,, 3 i ot K Fh 25 ik 17 & P (i 7
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B ALK T (A L IR C1s 1 (284.8 eV)
() bR 1 45 A BB AL IE o IR 2%« S 2R UM (8 Al K
(hv=1486.6 eV) , TJ % 150 W, . 5 650 pm, H, JE
14.8 kV,H i 1.6 Ao

1.5 g L KNO, . KNO,@xCuSt, KNO,@yF,,.
KNO,@xCuSt,@yF,,,, 57 5l £ 1.5 t J& J1 T J& il i
@10 mm (9245 7, ol 2 e oy D00 30000 37K 422 flle o, 6
TIE 45 B b 1 5 7K M B

43 BIFREL 0.04 gKNO,@xCuSt, KNO,@xCuSt,@yF,,,,,
fifi L ICP 43 BTG U i Cu e 19 & &, 315 CuSt, %
i, 2D B A S AR . NS A
RFLH 10 mL, Fi B R KR 100, &% R 1.0 kW,
KE A A
1.3.2 B ERHER /M S NGRS A

i FH ) 25 34 A A, I 3 B/KNO, A5 2k 2 |
B/KNO,@xCuSt, i kX 2§ . BIKNO,@yF,,,, /& K 2§ |
B/KNO,@xCuSt,@yF,,,, i K 25 1 #1 s i ME BE o 3k
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e AR MR EFE N 50 mL-min™', K IR E R 25~
700 °C, JHEHE %K 10 K-min™',

it A R -5 6 4 AT AR 92 T B/KNO, a2k
2 \B/KNO,@xCuSt, i K 2§ \B/KNO,@yF,,,, 5 K 24 |
B/KNO,@xCuSt,@yF,,,, i K 25 1 7 1 3 72 v 19 <R
FEYI A3 M B R AS AR B HLEE L I A AU R
ATHEER N 10 Kemin™',

R O AR 3 B g1k B/KNO, £k 2,
B/KNO,@xCuSt, i Kk 2§ . B/KNO,@yF,,, & Kk 24 |
B/KNO,@xCuSt,@yF,,,, s k 24 , [a] st fefi FH = 3 4514 HL
AFkic st , s JE X AP rERR I s o I AR A
BOGIIFE 20 WL K 1064 nm , GBEE A2 2 mm, 414
H#EE 1000 fps.

2 HR5WR

2.1 KNO,@xCuSt, 2 EBER HE K

Ph CH,(CH,),,COOH 5 Cu(CH,CO0),-H,0 Jx
N AE B CuSt, AL 78 5, % 8 45 B KN O, 7R 47 U0 41
HH SEM Z5 R 2 firs o AT KNO, (&l 2a)

d. KNO,@6%CuSt, e.

b. KNO,@2%Cust,

KNO,@8%CusSt,

T HOCH AR K Bos A /N80, ik R
4 20~80 wm, 1M 17 i /9 KNO,@xCuSt, (& 2b~e) i
RLARLHE [ | 2% TRURE | B B CuSt, BOBHE A9 A W ks
KNO,@xCuSt, JUk 32 1 (1) 0 78 J0k7 28 42 8 0 4, 4% 1)
JE Bl & CuSt, 8 kL& 1 T+ & & 8 %, il %5 1Y KNO,@
8% CuSt, WURL 2 T 1 AL 22 1Y CuSt, T3/ Nk .

J A CuSt, 960 3 340 R , iE47 T SEM-EDS 43 #r
& 2f TR X KNO,@6% CuSt, BUkE (8 EDS BE 3% 45 4 1l
A, XA B Y KKl 2g) Cu(1#l 2h F1 21) ST &R
BTG5 % ., Cut Ror M 2], LW CuSt, & E 7E
KNO, kLA T

by ik — 25 XF L AS [ 4% B B CuSt, 194 3 850 0
KNO,@xCuSt, (x 73 5118 3% 2% ,4%, 6% ,8%) i 17 T
FT-IR F1 XPS I3k, 25 R an 18l 3 fir s o &1 3a 21 4h ik &
H1,1350~1400 cm™ AbJ& NO,™ 1Y F Xt Bk M 45 R 3
Wl ,820~840 cm™ &b & NO, 25 ] 4§ 2l i ; CuSt, (14945
AW 3= B A7 T 2920~2925 cm ™' 1 2850~2855 cm”™
1Y — CH,— 2 XF Bk FUOF R A 4 9 20 06 LA S A2 1700~
1725 cm™ By C—O #EXT PR 4 ik sh e . PAIET 3a rhraf

g. elemental distribution of K h.

elemental distribution of Cu i.

overall EDS spectrum

2 H L i KNO, FI KNO,@xCuSt, 1547 i) SEM 2 11 % 55 I Fl G 2 B4
Fig.2 Presents the SEM surface morphology images of Recrystallization and elemental mapping of KNO,and KNO,@xCuSt, particles
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CuSt @F,,, WUz 40 B fiFf % 1 S LX) B 3k Kk 25 1 & Y B I9] 45 1
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KNO,@8%Gust,
KNO,@6%Cust,

KNO,@4%Cust,

KNOL@2%Cust,

transmittance / %

3500 3000 2500 2000 1500 1000
wavenumber / cm”

a. FT-IR spectra of KNO,@xCuSt,

0:56.01% KNG,
K- 19.58%
N: 24.41%

3

. HEI

1200 1000 800 600 400 200 O
binding energy / eV

b. XPS spectra of KNO,

C:73.21% — KNO,/@6% CusSt,
0:17.51%
K: 2.86%
| N:464%

3 | cu77% Ll

=

2 [Cu2p ]

é

\

1200 1000 800 600 400 200 0

binding energy / eV
c. XPS spectra of KNO,@6%CuSt,
——KNO,
K2p ——KNO,/@6% Cust,
3
@©
=
w
k)
£ A=54174.94
N e ————————
A=12296.26

290 292 204 206 208 300
binding energy / eV

d. K 2p peak area
B3 KNO,H KNO,@xCuSt, 214t 1 L K XPS 3%
Fig. 3 FT-IR spectrum and XPS spectra of KNO, and
KNO,@xCusSt,
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F LBl CuSt, BORME (3G I, X5 0 A8 2 CuSt, B 4%
IF W 58 B A AN W 3 5 (T XS RO LT BE S (XPS)
X} KNO, . KNO,@6%CuSt, £ i G & 47 T &% 2 E
BT, SR 3b~c TR . R E 45 L KNO,
[ XPS RE % , 7E 4 fE M 293,407,533 eV &b 1y I 4K vk
XN K 2p N 1s.0O 1s ¢, 7 J5 i) KNO,@6%CuSt,
19 XPS BE 3 1 O KN 1y W e i JL -7 2k, R
CuSt, B AE W i s, Ho 284 eV XT3 C 1515 ,934 eV
XL Cu 2p Y RFAE I o JE T K 2p 0 17 AR 530 %k 3% 1
£ 7 8 AT 2 e = o AT (B 3d) L, 45 3R B8 KNO,@
6% CuSt, ' CuSt, L E 20 78% , 2 B B4 i f1
B

F AL KNO,@xCuSt, (9 i K P RE , {87 42 fid #7700
AR TR SRR A T K B fl AT TR,
K da~f 7 , 4 78 H A9 KNO, ELAG B o i W 9 1, Houk
2 fil /o 0° (&l 4a) , B & CuSt, kL1 A 2% 3 &=
4%, KNO,@CusSt, ) 7K 4 ﬁrﬂﬁa M 50.1° ([ 4b) 3 =
80.8°( &l 4c) , 25 L i /% 38 1 CuSt, 7 e 1, CuSt, B
K HE A AT D 3 B R KNO, B K PR AE, Cust, LB e

0° 50.1° .

a. KN b. KNO,@2%CusSt,

80.8° . 85.7°

KNO,@4%CuSt, d.

KNO,@6%Cust,

90°

al

CuSH{0%) CuSt(2%) CuSt{4%) CuS(6%) CuSt(8%)
KNO,@8%CusSt, f.

contact angles for all samples

comparison of water

B4 HE45 5 KNO, 5 KNO,@xCuSt, K% fil /i
Fig.4 Water contact angles of Recrystallization of KNO, and
KNO,@xCuSt,particles
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19 KNO, HAT R A M B K 208 . Bl %5 CuSt, 88} & 1)
Ik S 38 0, Bz ok ff 36 2812, 24 CuSt, B BHE M 6% 1Y
% 8% ,KNO,@8%CuSt, i /K # fil /1 85.7°([&] 4d) 4 &
90.9°( &l 4e) . KNO, 7K $% fisl 1 Bl CuSt, 5 o} &2 (1 3
AN R 4f, — B K 3 fil ffy KT 9000 OBk, 3R
2R 8% 11 CuSt, Ji v 40 7 il 4% 1 5 )2 B /K o 1
KNO, JEAS 3k 2] 57 K bR if
2.2 BAKNO,@xCuSt, = N 25 ¥ 7 J7 14 B

KR A $03 Hr A (TG-DSC) it B/KNO,@xCuSt,
B2 (xR 2%, 4%, 6%, 8% ) 1Y #R T 07 1: fiE
HEAT M, S5 SR & 5 s

CuSt, Yy DSC il £k . 7= H7F 285.85 CH i ¥ 7
fif , ATl CuSt, ¥ kHE ) B/KNO, 1) DSC fh £k & B H

EXO 52659, | 537.25°C
BIKNO,@8%Cust, N
I 55391°C )\ 565.87C
BIKNO,@6%Cust, M
" 56757C
= [BIKNO,@4%Cust, SR G
5 558.02°C\, /|
2 |BKNO,@2%Cust, : J\\see.ozc
A\ 4
566.27°C
560.97°C
N
BIKNO,
cus, 28585
T T T T .
100 200 300 400 500 600

temperature / °C

B 5 B/KNO,HIB/KNO,@xCuSt, i #4443 17 i £k
Fig.5 Thermal analysis curves of B/KNO, and B/KNO,@xCuSt,

4
j
i

d. KNO,@6% F,,,, e.

6 E4E i KNO,FI KNO,@yF,,,, WKL i SEM 22 i 1 57 K]

EDS scanning area of KNO,@2%F,,,, g.

LA B i A7 A, Hoh 7 133.4 °C b 5 — /4> W g 0 %o
B KNO, & 8 56 758 3k B2, 334 CAb Y 55 — > W P Xt
N KNO, % fil i 782, 7E 550~600 °CHF 78 i B 1 43 i 2
JNf TR, R KN O, 5 8 1) #4 53 ff% i v . B/KNO,L 1Y
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Fig.6 Presents the SEM surface morphology images of Recrystallization of KNO, and KNO,@yF,,,, particles
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Fig.10 SEM morphological analysis of KNO,@xCuSt,@yF,,,, particals
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Synergistic Effect of CuSt.@F1;1. Double-Coated Potassium Nitrate on Performance of Boron-Based Igniters

LI Hao'’, GONG Zheng', REN Yong’, SUN Jie'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyan 621999, China; 2. School of of Materials and Chemistry, Southwest
University of Science and Technology , Mianyan 621010, China)

Abstract: To address the issue of reduced output reliability of boron/potassium nitrate igniters caused by KNO, hygroscopicity, a
dual coating modification strategy based on an in-situ reaction and a solvent-antisolvent method was proposed. Firstly, a copper
stearate (CuSt,) coating layer was constructed on the KNO, surface via in-situ reaction between stearic acid and copper acetate.
Secondly, the trifluoroethylene-vinylidene fluoride copolymer (F,,,,) was coated on KNO,@CuSt, using the solvent-antisolvent
method to prepare CuSta/F2314 double-coated KNO,. Finally, the double-coated KNO, was uniformly mixed with boron at a mass
ratio of 3: 1 to obtain the formula-optimized B/KNO,@CuSt,@F,,,, igniter, aiming to synergistically regulate the hydrophobic
properties and reaction activity of the igniter. Scanning electron microscopy (SEM) , Fourier transform infrared spectroscopy
(FT-IR), X-ray photoelectron spectroscopy (XPS), and inductively coupled plasma spectroscopy (ICP) were employed to con-
firm the sequential coating of CuSt, and F,;,, on KNO, particles. The hydrophobicity of the samples was characterized using a
contact angle measurements. The effects of modified KNO, on the thermal reaction and combustion performance of the igniter
were evaluated by thermal analysis and laser ignition experiments. The results demonstratieded that the hydrophobic perfor-
mance of CuSt,@F,,,, double-coated KNO, was superior to that of single-coated KNO,with CuSt, or F,,,, (the water contact angle
of uncoated KNO, was 0°). When the proportions of CuSt, and F,,,, dual coating layers were 6% and 2%, respectively, the com-
prehensive performance of KNO,@6%CuSt,@2%F,,,, and its boron-based igniter was optimal. The water contact angle of KNO,@
6%CuSt,@2%F,,,, increased to 95.8°, and the heat release of B/KNO,@6%CuSt,@2%F,,,, reached 3200.67 J-g™', which was
23% higher than that of B/KNO, igniter (2601.69 J-g™'), while the onset temperature of the thermal reaction decreased by ap-
proximately 23 °C. Laser ignition tests showed that compared with the unmodified B/KNO, igniter, the B/KNO,@6%CuSt,@
2%F,,,, igniter exhibited a shorter ignition delay time, stable flame propagation, and reliable laser ignition performance. This
study realizes the synergistic enhancement of hydrophobicity and reaction activity in the B/KNO,@6%CuSt,@2%F,,,, igniter by
constructing a dual coating layer on the surface of KNO,, providing a new approach for improving the performance of
high-reliability boron/potassium nitrate igniters.
Key words: boron/potassium nitrate igniter; dual coating; stearic acid-copper (CuSt,) ; chlorotrifluoroethylene-vinylidene fluoride
copolymer (F,,,,) ;s hydrophobicity
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This study introduces an innovative approach to fabricate a dual-layer coating on potassium nitrate (KNO,) particle surfaces,
comprising copper stearate (CuSt,) and a chlorotrifluoroethylene-vinylidene fluoride copolymer (F,,,,). The CuSt. layer was
formed through an in-situ reaction between stearic acid and copper acetate, while the F,,, layer was deposited using a
solvent-nonsolvent method. A systematic evaluation of coating integrity was conducted, followed by hydrophobicity assessment
of the modified KNO, via contact angle measurements. Finally, thermal response and combustion characteristics of the modified
KNO, blended with boron powder (B/KNO, ignition composition) were investigated through thermoanalytical techniques and

laser ignition experiments.
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