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1.1 XA SIS

TKX-50, Tk g%, H i 88 6 b2 Tolk 2> w5 ik do A
IR (KH550) , f2zali, 1 ifg [ 25 16 2 300 BR A A
TR Sl A4l iR A B A AR (NC, A i
13%), Hr E AL b2 Tl S A BRA

£ [ FEI A &) Quanta 250 4 48, 32 o 1R o
10 kV; 32 FE ZE R K /R 24 ] Nicoletis10 £14M G5,
55 F  500~4000 cm ™, 43 $EFR K 0.1 cm™; i [H
Bruker /2y @) D8 Advance X 5T AT 51X, 2 3k £ 0.05°,
AL 5°~50°; i MR -FE R 2 W HP DSC827
Y 2%t R AL, TR X E] 2 100~350 °CL, AR
B 20 mL-min™'; £ = fif 0 4L #% 2 5 Netzsch ARC
2 O R i B IR EE IXCTR] A 100~170 °C, JH il 3%
N2 °C-min',
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Hydrolysis
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Fig.1 Hydrolysis and condensation process of KH550
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Fig.2 SEM images of TKX-50, TK1, TK2 and TK3
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Fig.3 IR spectra of TKX-50,KH550,TK1,TK2 and TK3
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Fig.4 DSC curves of TKX-50, TK1, TK2 and TK3 at different heating rates
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F1 TKX-50 F1 TK1,TK2, TK3 i #4433l )1 2 2 80
Table 1  Kinetic parameters of thermal decomposition of
TKX-50 and TK1, TK2, TK3

T E

p k 2 o 2

E,

sample R

P Jecomin /¢ /Kemol™ K Jk-mol™ ©
5 244.1
10 254.2

TKX-50 138.86  0.9969 140.07  0.9973
15 261.6
20 265.5
5 252.7
10 258.0

TK1 328.89  0.9893 321.15  0.9895
15 260.7
20 262.1
5 252.2
10 257.2

TK2 334.68  0.9922 326.64  0.9924
15 259.3
20 261.8
5 250.3
10 253.8

TK3 33328 0.9728 325.28  0.9742
15 257.1
20 259.6

Note: B is heating rate; T is first decomposition peak temperature; E is ap-
parent activation energy; R is linear correlation coefficient; subscript
K is data obtained by Kissinger’s method; subscript O is data obtained
by Ozawa's method.

B TKX-50 8 2] 7 — & & B 1Y Ba 20 L OF A7 32 #4
i, T 2 P Si—O B (451.1 k)-mol™) i fiE
F C—O##(355.3 kJ-mol™)"*, 43 fift B 75 22 14 fi 1 o
Z Al TK1, TK2, TK3 2B T A4 F TKX-50 B 471

MUETE T, TKX-50 [ #4702k 72 43 R 2 A4 il 44
B B« 55— B B I 2 0 B A0 O A i o R B B B
S TT B8 B A3 i gk BRSO 4 KH550 AL B R 1
TKX-50 43 ff W B ATS 0T 43 Sk 2 A B B, {3 5 TKX-50 #H
LA i Asfb . B 4a ] UL, TKX-50 55 — By B i g
PR DA A8 A T AR o BETCIN R 18 RS ) A K
2 > By BE A A I 0 v X L P . {ELME] 4b L 4c . 4d
AIUL L TKT, TK2, TK3 #5304 2 A4~ B Be 43 fifk e U a5 A
ZEANK B — W B T A2 92, R WIS — Bi B 40 fff 3 2R
1, ik 5 A )2 B AR AR TASOR AT G 5 5 B B e vy R 0
B 357 O S A A R G B 3k 2 PR A AR B B
PO AL AL B TKX-50 [ 43 i , 1843 % KH550 43 fiff it #4
ShE- 3

WAL R TF A A R R W (L3R 1), M T R R
TKX-50, TK1,TK2, TK3 #1% 1k fig 20 9l #2 % 7 190.03 .
195.82.194.42 k)-mol™, it Bl KH550 {1 7 74 % 42
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O RGO, 55 S R A AR5 T Ry 45200, BRGSOy LS
iy S R RL Y B e 1 25 R A R (DSC) B A
PR | 1 BRI 2 A A A A, RE 8 A2 TR AT B A4 RE 22 (] A9 A
VSR N 1] ARC A DSC Z548 WF 5% TK1,TK2,
TK3 5 A A 9 AH 25

K H ARC 1) “H-W-S” #2017 %t NC 5 TKX-50.,
TKT . TK2 . TK3 IR A7 Z 147 48 00 3 43 i 52 56 IR A
oA R 010 246 A8 i 2o A R 07 A 43 Mt 2 500 0 3 5 SR 4y
BN &l 5 F12R 2 R o

030
TKX-50/NC
025 — TKING
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Fig. 5 ARC curves of TKX-50/NC, TK1/NC, TK2/NC and
TK3/NC

®2 KRGS

Table 2 Thermal decomposition parameters of each system

sample T, T AT, m, . m, » T,
/C /°C /°C /°C:min”" /°C+min”' /°C
TKX-50/NC  136.23 140.24 4.01 0.261 0.274 136.46
TK1/NC 151.16 159.04 7.88 0.019 0.064 153.28
TK2/NC 154.41 163.72 9.31 0.038 0.081 157.39
TK3/NC 154.13 156.69 2.56 0.001 0.035 154.15

Note: T, is initial decomposition temperature; T is maximum decomposition
temperature; AT, is adiabatic temperature rise; m, is rate of initial
temperature rise; m. is rate of maximum temperature rise; Tm is tem-

perature at rate of maximum temperature rise .

HI &5 AT, 2% 1R & R 0 THilR o 72 2% S A TR .
Horpr  TKX-50/NC {4 % 78 ARC 6 i) 21 14 5 38 13 T w8 1sf
i REAS TR B T 5 T il 38 T e i 2 3R 3 o e A1

Sttt
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Fig.6 DSC curves of each system at different heating rates
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— N i D Y I 3R A BRI NC PR B BREAT , 9 HLI AR 15

B, U W TKX-50 19 in A NC $8 i 43 i, H B Jal
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Table 3  Kinetic parameters of thermal decomposition of

%4 TKX-50,TK1,TK2 I TK3 5 NC #2545
Table 4 Compatibility results of TKX-50, TK1, TK2 and TK3

each system at different heating rates with NC
B T, E ) To AT AE:E compatibility
sample L b B sample P "
/ °C-min /C / kJ-mol /C /C | % level
5 205.6 NC 196.5
10 214.5 TKX-50/NC 193.3 3.2 13.55 3
NC 139.21 0.9910
15 221.2 TK1/NC 195.3 1.2 24.83 2
20 223.7 TK2/NC 195.2 1.3 27.01 2
5 198.5 TK3/NC 198.5 -2 23.71 2
10 205.1 Note: T  is decomposition peak temperature at B—0; AT is T = change of
TKX-50/NC 158.07 0.9895 N A 4 : oo
15 211.0 single system relative to mixed system; AE: E is E change of single sys-
20 2141 tem relative to mixed system.
5 203.2 . . s
o 0t £ 1) = A 8 Y TKX-50/KH550 & & 4 (TK1,
TKING 5o 167.84 09921 TK2,TK3) 33k 30 7 B A9 H 10, 52 H b T2 40 3
20 218.0 T 550 A0 AR E Tk e i, T B AE S FAFR R L TK2/NC 1Y
5 204.5 LA 73 ik R SRy, T RE 2 PR O KH550 JK i I A= 1Y
10 211.6 EAN A AN 3 SN AT, 79 /ST 1
e e o99ss FEE 48 76 TKX-50 72 T 10—~ Bk % 8 R84 21 1)
" 210 LRI DA I 1 R A, WA B A A
20 218.8 ; e v
p o RS ZR RN R ZURE BE DR, 2% KH 550 Z B3 1T
. o i 5 1452 A 05 A PE R B
TK3/NC 15 216.2 172.21 0.9896 .
3 #&it
20 218.3

Note: g is heating rate, T, is decomposition peak temperature, E is appar-

ent activation energy.

B, R I G2 8 B I . 3 AT RE S A O KH550 67 )22
T4 WL T R BE TR NC B 4 A, — R
FEZE T N EB TKX-50 Y 52 #A TR 8 =32, I [w] s B 1™ v
[E1] 7™ 40 %) LA 42 e, VR 5 R R I AR i SR R 5 A TR
G K, B KH550 40 78 )23 5 5 7 R 1) B #A sk S e
15, 2B X 1A 2R o i JE 3R B4 A R30CR Bt 3 T 3R R
T e i A

M3l UL, 5 TKX-50/NC IR K R A b ,NC
5 TK1,TK2, TK3 LR AR R A6 AL Be 38 K, BEEH &4
KH550 £ 7 Ji5 i TKX-50 5 NC IR & 52 #44 fift i, 4 4&
FEPEF R T B R L TK2/NCIR G R R
WAL RE R K (176.22 k)-mol™) , WK 5 PR i -, 5k
ARC S50 25 e — 2,

4 0 TKX-50 6 B /i J5 5 NC 09 A 25 1 5 2
W MR YR EZEAR GIB 772A-97 J7 ¥ 50217 H i
NC/TKX-50 1A R AR N 3 0 AR A TR 2% 78
J5 , TK1/NC . TK2/NC Fl TK3/NC 14 2 AH 25 P 2 90 35
290 R T TKX-50 5 NC (M & 1 o B4R Jor 4l
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(1)fdi I KH550 4.8 TKX-50, 71§ TKX-50/KH550
A BRH(TKT, TK2, TK3) 19 15 1L fiE (328.89 kJ-mol™',
334.68 kJ-mol™ Fl 333.28 kJ-mol™) Lt J5 K TKX-50
(138.86 kJ-mol™) B & , Ut B fffi | KH550 fu %
TKX-50 4 & # & 7 H A2 1k

(2) 4 IR HE T, 5 TKX-50 A NCIR & 1K & Y
P A 1R IR (136.23 °C) A L, TKT, TK2, TK3 Al
NC iy IR & 1k & 5 i %) s B (15116 °C
154.41 CHI154.13 C)H A, R R4 AR
U TR TR

(3)DSC &5 R Won , R KH550 3 J5 , TKX-50
5 ONC B AH 2 90N 3 9042 TF 2 2 9%, Bl W 4
KH550 4% TKX-50 23 T TKX-50 5 NC i 2 .

() LA SOR AR E RS NC B A 251
TKX-50/KH550 & & # kBt B9 & 1§l &k & R
2%KH550 £ BEI I -
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Preparation of TKX-50/KH550 Composites and their Compatibility with Nitrocellulose

MA Long-fei, XU Bin, LIAO Xin
(School of Chemistry and Chemical Engineering ; Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To improve the compatibility of dihydroxylammonium 5,5'-bitetrazole-1, 1'-diolate(TKX-50) with nitrocellulose(NC) ,
silane coupling agent (KH550) was used as the coating agent and three TKX-50/KH550 composites (TK1, TK2, TK3) were ob-
tained. The morphology, structure and thermal stability of the composites were studied by using scanning electron microscopy
(SEM), Fourier infrared spectroscopy (FTIR), and differential scanning calorimetry (DSC). Accelerating rate calorimeter (ARC)
and DSC were used to examine the compatibility of TKX-50/KH550 composites with NC. The results show that the apparent acti-
vation energy of thermal decomposition of the prepared TKX-50/KH550 composites are 190.03, 195.82 and 194.42 kJ-mol™ re-
spectively higher than that of TKX-50 (138.86 kJ-mol™), indicating the thermal stability of TKX-50 is improved by KH550 coat-
ing. In adiabatic conditions, the initial thermal decomposition temperature of the mixtures of TKX-50/KH550 composites and NC
are 14.93, 18.18 and 17.90 °C respectively higher than that of TKX-50 and NC. After coated with KH550, the compatibility of
TKX-50 and NC is improved, and the compatibility level of TKX-50/KH550 composites and NC is raised from Level 3 to Level 2.
Key words: TKX-50/KH550;composite energetic materials; NC; compatibility
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