796 HIFRAE, 1 IEN]

NEHS: 1006-9941(2015)08-0796-06
2 FINHE Bh 7 X & 5 25 A AR 1 BE BY 2 T

HEL, HEN

(AREIAFMT ¥, L7 B 210094)

OB AR RS 2 R T By R A T R P RE Y [ B R R B PR RE L SR THO, KR T 5 5 AR LB AL T TIO, - SN
PR TR DI RE B R o i e I 750 A0 RAR OUHE #1300 245 R IR W) 4 17 2 S 24 00000, 0 AT 1 B PR S R S 08 o RIS 1 S BB I R A
P R BORI AR S 5 25 8 ARG PR RE BRI o A5 SRR W) L BEAE + TR RE IR S A REAR R S MR BB + TR
i B 7808 2 5 2R 4R 785 0.1 ~0.3 em - 57" SRIN AR B A RS 2GR PR AR 0.4 ~1.0 em - 7' EARSLI AT R X B
BTG IR ORI o Sl B G VA R S 2 R AR R TR I, T B RS T B R T AR B R B B S R S THO, i T L L K

N EE & USRI

KW IR ; SRBEPERE s AT R E AL BB LN

FESES: T)55 XERFRER: A

DOI: 10.11943/j.1issn.1006-9941.2015.08.017

1 5]

il

K2 1 A B R IR R, 7 A KB L S IR
SR AR e i B 2 e R Rk ST 2
FRO HR Joe 3o R R, %5 & S5 24 1) R 4 T T AR R AL
& 3 4 AL, AT LA K W R R kM i SRR g A G R
U TR I 5 2 R e B R {H G e o A
22— T L5 i 2% 2R S G A R
APESIEAERE, AR E ) & 525, B TR 4 A
TN P B0 S ), B2 1 42 55 25 4 Ak 27 A g B 5 g A
6], BR B TE TR AR PR R[] . R, 2 i 5
— 4y TE AN A B AR A0 ik A B 2 G T M R S A b
4538 W B AP R K T R ) 2 4k e e B ) 2
iz —7,

RS L WA IR T, t T 2 1 X 4h 3R
() SRR , 18 5 2% 551 245 5 i 0 R A A7 0 R R IR AR, B
R G SN A s W < -l = S R Ty | B
H 9 2 56T 24, I AT 22 00 AL B LA % o R e 3

Wim A 2014-07-07; fEEIAH: 2014-11-11

EETH: BXARRFREEH I (51376092) , IT 48 WUF 32 42 4 4 9%
B1(62201070701)

EE R HARAE(1988-) 4 WL FF8 A4, 52 N0 2 10 2 i A4 RHOF
%%, e-mail:18260086772@ 163. com

BREBRAAN: HIERI(1974-) 5 BIBTIE 5, 2GS GEA R Bl 56
R BHITST . e-mail :xiaozhg@ njust. edu. cn

Chinese Journal of Energetic Materials, Vol.23, No.8, 2015 (796-801)

% I I8 FURE i 3 X & S 245 25 i AR M BB 09 5% 1
E I RE B b T A A R R SR H TR M
TR R T, 8 LA 0 KRG T LT Ak 2 Rl AR
2 HTRE S ) 25 AR R B W LR, 7E4E
9B 5E 7 I, A RS R F 5 ATEAE G & e b R
B A S TH L& 4 i i AR R R . W Lane
AU KR T B NO, B i o NF, R T #8574
2 1) 5% B BT A 2 R PR B A B MR T ) A TR Y
B, Witucki 2" B R B, E R AL AY
g OTER AT LU S LS R R i ]
PAREARAL A 9 18R 3 ez bk . B an B BUR T
g1 E % 53 25 0 A 7 16 (G 58 L & 0L SCik s . [
U, o Tk R O 2 3R LR A M AR, I R S
TR A S 2 A R R )RR 2 18 R Y A
B R A AR R 1 A T e o EL 3 gk AT e T A
i 1 e S5 2 3% 1T B R Y R Rk R A R s R R G
2 IRBETERE .

AT R FLIR R A SN i & T AN RDR AR A )
TR 1Y TIO, -7 SN 1 IR s T 6 B 7, 38 2o 98 fk 42
HH5 R IR, Sk B Y25 Rt Zy — R T8
1543 K S5 25 FORL, O X & S 2R S AT T % A R AR
SCHS L BRSE T S SR B R B S R SR AR X Kk
20 58 FE IR BEERE 52 W, A2 M LAl BT SR T &
TR AN TiO, 3 L5 % 8 95 & S 245 3% 1 e 4R L AR N
R e P RE 11 52 i B A
N R K

www. energetic-materials. org. cn



5 SR BE Bl R X e S 24 9K 05 1 R 1

797

2 ZBWEHS

2.1 KFEME

A TiO, , pHral, m st i R POKR AR A Al |
FLN AR T DR AR L A R = 9 S R 4 M 4 At
aff M RIE SR A R A A KK, BKS
st , ~y- Y R TR A 1 4 3 1 3 = P 403 (KH570) , i TR
LU, ke SR B R B (SDS) |, ke K B 3R AR & I
(OP-10) Fil i 7 B2 #1 (KPS) ¥ 24 43 #r 4l , m 5 il 50 A4
Al AR 2 R (TG-1) , & & & 12.46% , 19119 0
255 ],

{X#S . DF-2 RUAEERSCRE 7 i dis $1 2% V005 &4
A4 2845 BR 25 7] s Nicolet iS10 2T 48 Y34, 2 [
FEBR R R A A Tecnai 12 B 5+ W 5l 5% (TEM) |
BVE == Philips 23w 5 BAAE R AL, RETT 48 R
BURT 5 #5801, V175 B 5 2 0 AL 48 A BR 23 vl
AHX-871 2 RUK IR HEAR , Bt TR AL R
2.2 EZREINEEBFEKFE

TEREM KM A 3 g T 1 44 K TiO, ki 7,
75 mLIG/K OBE,3.9 g BB F/K.2.0 g K (25%)
1,55 g fEBSERGT KH570 @ /A 78 1h 5 TR 2
75 ~80 °C,m#lfiiFE 5 h, R 455, ik, K&
BEVE VB , B 5 2 23 T I WF S A5 3 1 €8 83 oK 7
TiO,-KH570,

£ 100 mL Py E Bk 4B A 0.3 g TiO,-KH570
B F120 g KB 7K, A S-H15 min, #EMAO.2 g
Pt K SR AR M Tk (OP-10) (0.1 g+ — J¢ i il 12 44
(SDS) .0.08 g kR A 4L Je 3 g L NI IR 1 — 5
BRER S NG TR =W O, E R TR E
50 °C, izl fk 30 min, SRS M A 0.02 g 5] &l i i iR
B(KPS) , FHIRZE 75 °C, W 2 h, B HEER , HEE
TN WL, R B0 o B O B K O 2 B
BT 6, G a BHE THRUES S B 6k KR
TiO, - N M BR B S A B 770" o TiO, -3 5 T4 45 R
BRI K AR T TEM BT frs. BE 1 a7 LB g
B il A 0 TIO, g4k & G R 1 2 B0 (9 4% 7 25
¥, Hoki #2298 50 nm,

2.3 RHHGHEREE

TiO, -7 UM 1 1R ik 44 oK 52 & kL ¥ 1y Dy A 1 57
5200 g ARG A G B A G HL, SR 5 A B 1R
BRI (AR 1) 76 35 CTRBG; ¥R E
(4 245 AT 2B AT e AL 24 6L, AR 5 A Y 5 FH U0 25 BILCKS

CHINESE JOURNAL OF ENERGETIC MATERIALS

BREFRZGYIR 8.5 ~9 mm HIRLIRZG ; VIR &
5525 A SRR BRI AR R K A R SR AT T
FP R e AR5 L BRI 4G B B 2 19 7 LK G 211
fho il I R G 2 RE N SR 1 R, o 1T ~ 8T R A
2yl g 5 A v 23 3 7 T R B AR A 2 | 2 AE Bl 7R B9
FHRE IO RiAe i RE B 5 i S Bk 24

B 1 TiO, 4 k& Ak T TEM [

Fig.1 TEM image of TiO, nanocomposite particles

R RS &

Table 1 Preparation of propellant samples
. TiO, mass
functional : . .
No. s particle fraction matrix
additives : o
size/nm /%
1* TiO, 30 10 single-base propellant
2" TiO,-12F" 30 10 single-base propellant
3* TiO, 30 10 double-base propellant
4* TiO,-12F 30 10 double-base propellant
5# TiO,-12F 30 8 double-base propellant
6" TiO,-12F 30 5 double-base propellant
7# TiO,-3F% 30 10 double-base propellant
8* TiO,-12F 100 10 double-base propellant
Note: 1) TiO,-12F-poly ( dodecafluoroheptyl methacrylate) /TiO, nanocom-

posite; 2) TiO,-3F-poly ( trifluoroethyl methacrylate ) /TiO, nanocom-

posite.

2.4 FTHABRRBXR

AT G 114 % AT 0k A s 45 B 100 miL, 2 BB
JEH 0.21 g - cm™(7/7 250 SLE R E 20 °C A5k
21,1 g 2 WAL, 5 KR 1 10.98 MPa,

3 H#RE5ITRR

3.1 ASMEESR

Kl 2 5 TIO, # K AL ¥ (a) Fil4b B TiO, (b) I
TiO, K Gk 1 () I LLAMG R, th & 2 ], 3%
2% a th1 600 cm ™ IR LI Sy Ti—O &5 i 4 3 W i i
1T TiO, & 1 W B % 74 PR B Ak i 7= AR 2 %, £ 3400,
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Fig.3 p-t curves of TiO,-12F propellant with different concentration
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Fig.5 p-t curves of different base propellant
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Fig.7 p-t curves of propellant with different fluoric content
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Fig.8 u-p curves of propellant with different fluoric content
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Influence of Fluoride Functional Additives on the Combustion Performance of Gun Propellant

TIAN Cui-hua, XIAO Zheng-gang
( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. To improve the salt/wet prevention and high temperature resistant performance of propellant surface and adjust its com-
bustion performance at the same time, TiO,-fluorinated acrylate functional additives were synthesized via reaction of titanium diox-
ide nanoparticle and fluoride monomer. Gun propellant particles were prepared by blending functional additives and triethylene
glycol dinitrate (TEGDN) double-base propellant pills and the experiment of the gun propellant was performed by a closed bomb.
The influence of fluorinated functional additive content, fluorine content and particle size on the constant volume combustion per-
formance of the gun propellant was studied. Results show that with decreasing the 12F functional additive content, the burning rate
of the gun propellant reveals a trend of increase. 12F functional additives make the burning rate of gun propellants increase by
0.1-0.3 cm - s™', 3F functional additives make the burning rate of gun propellants reduce by 0.4-1.0 cm - s™'. Under this ex-
perimental condition, the influence of particle size is not obvious on the combustion performance of propellant. To better control
the burning rate of gun propellant, the proportion of fluoride and TiO, content in the chain segment of functional additives and the
physical form of aggregation of gun propellant should be considered comprehensively.

Keywords: fluoride functional additives; combustion performance; gun propellant; surface enrichment; closed bomb test
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