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Binary Phase Diagrams and Eutectic Melting Kinetics of DFTNAN/DNTF
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Xi’an Modern Chemistry Institute ( Shaanxi Xi’an, 710065 )

[ ABSTRACT] T-X and H-X binary phase diagrams were established according to differential scanning calorimetry
(DSC) thermal analysis data of the melting process of DFTNAN/DNTF mixed system with different compositions. Composi-
tion and melting point of the eutectic of the mixed system were obtained. Viscosity, mechanical sensitivity and theoretical
explosion properties of the eutectic and the mixture with melting point of 80 °C were investigated. Effects of different heating
rates and additives on the melting process of eutectic were studied. Finally, dynamics parameters E, and A of eutectic
melting process, and the most probable mechanism function were obtained by Satava-Sestik, Coats-Redfern and general
integral equations. Results show that m( DFTNAN) : m(DNTF) eutectic calculated from T-X and H-X phase diagrams are
62.94 :37.06 and 62. 88 : 37. 12, respectively. And the eutectic temperature is 63.84 “C. By adjusting the ratio of com-
position, the mixing system can not only reach the process temperature ( =80 °C) required by the casting process, but also
maintain a high energy level and a low sensitivity. With the increase of heating rate, both initial temperature and peak tem-
perature of the eutectic melting process delay correspondingly. After the addition of HMX or RDX, melting point of the
eutectic moved back obviously. Melting kinetic parameters E, and lg A of the eutectic are 32.95 kJ/mol and 2. 81, and the
most probable mechanism function is f( &) = (1-a)*”.
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SEHGRE SR AL AN 1 R, B B RR B
DFTNAN F1 DNTF ZAUBIER & )5 , I 2 9 A0 i
120 C Uk b ARBR G B FE DTS i R, H T
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1) %A 6] 4H B i DETNAN/DNTF R4 Wik ke
43 IHEFT DSC A, FHl % 10 C/min,
mn B 4 ~5 mg, FHEVEEH 25 ~130 C,

2) JF F& DFTNAN/DNTF 3L 91 19 DSC 4
DA, 3 2853 51 5,10 .15 .20 °C/min, i BEE
FEl R 25 ~ 130 °C B BT E M (5.0 £0. 1) mg,

3) JF & DFTNAN/DNTF 1% 3645 9 16 A [6] 1) s
JnFAl (RDX 5¢ HMX) B 520 T 1) DSC 43 A il ik, 7+
TR 10 °C/min A5 BTEH (5.0 £0.1) mg,

Ph b3 fHsegmrh AR E A 50 mL/min, 5%
56 ML Ry R ) T 3
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Tab.1 DSC characteristic parameters of DFTNAN/DNTF mixed system with different proportions
m(DFTNAN) : m(DNAN)  n(DFTNAN) : n(DNAN) T./K T/K AH,/(J-g™") AH/ (J-g™")
0 :100.0 0 :100.00 381.60 381.60 0 98.01
10.0 :90.0 17.05 : 88.95 336.54 374.79 13.48 95.37
20.0 : 80.0 21.85:78.15 336.59 371.90 25.23 93.48
30.0:70.0 32.40 : 67.60 336.74 360. 82 39.90 93.59
40.0 :60.0 42.71 1 57.29 336.82 358.68 57.64 90. 66
50.0 :50.0 52.79 1 47.21 337.85 351.37 66.78 90.17
55.0:45.0 57.75 1 42.25 336.94 342.61 78.39 89.50
60.0 :40.0 62.65 : 37.35 337.87 339.56 83.63 87.67
62.0 :38.0 64.60 : 35.40 337.17 338.19 85.98 85.98
62.6 :37.4 65.18 :34.82 338.01 338.01 86.33 86.33
65.0:35.0 67.50 : 32.50 337.31 338.63 82.48 86.06
70.0 :30.0 72.29 :27.71 337.37 340.38 69.08 85.12
80.0 :20.0 81.73 1 18.27 336.98 348.00 49.72 83.96
90.0 :10.0 90.96 :9.04 336.93 352.37 22.26 82.84
100.0 : 0 100.00 : 0 355.62 355.62 0 80.65
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Fig.1 T-X phase diagram of DFTNAN/DNTF binary system
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L H-X AR T-X AHE & B, W5 0 i 45 SR Al 22
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BLER A YIE , LA m ( DFTNAN) @ m(DNTF) =
62.91 :37.09,
2.2 FE NWBEMEISEIELEEE

MRYEEFEIR A VR0 T AR I 3R
SV T80 «C . PH75 DFTNAN 5 DNTF 941k, A
PARE G HENE T, B (6) M (7)1,
4 DFTNAN/DNTF & & & & m ( DFTNAN) :
m(DNTF) }92.84 : 7.16 5% 44.89 : 55. 11 I B4
VIR 5 80 °C, % 2 %I H T DFTNAN/DNTF
AR AIE 15 R 80 °C Bt A TR A W [ AR AL A ek
FHELSHRIEVERE , DS RIIRE R, %2 1,
T, N s PO o R s PO PR IR s p N RIS
WD PSR u A Rl 10 min J5 B9 R
Rz,

i k2 a] LA Y, G i 4 5 DETNAN A1
DNTF 1 b3, BE P 35 B4 5% T 202K ) T2 1R
( =80 °C) , M TDNTFHJRLEZY , LEERA R =

42 DFTNAN/DNTF #6-15 & 69 AU B L | FE 78 1R Ve bk Al A 5 2L
Tab.2 Mechanical sensitivity, theoretical explosion properties and viscosity of DFTNAN/DNTF mixtures

m(DFTNAN) : m(DNTF) T,/K P/ % P/ % p/ (g em™) D/(m-s™") w/(mPa -+ s)
62.91 :37.09 336.99 28 24 1.842 7 994 7.4
92.84 :7.16 353.15 12 16 1.800 7 536 5.8
44.89 :55.11 353.15 44 36 1.868 8 286 8.6
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Fig.3 DSC curves of DFTNAN/DNTF eutectic

containing different additives
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Fig.4 DSC curves of DFTNAN/DNTF eutectic

with different heating rates
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Fig.5 Conversion rate curves of DFTNAN/DNTF

eutectic with different heating rates
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Tab.3  Melting kinetic parameters of melting reaction of DFTNAN/DNTF eutectic
i B/(C - min") E./(k] - mol™") Ig A r Q

Satava-Sestak 5 33.25 2.84 0.99%4 0.001 2

10 33.02 2.81 0.99%4 0.001 2

15 32.76 2.79 0.993 0.001 1

20 32.59 2.77 0.996 0.000 8

Coats-Redfern 5 33.41 2.86 0.991 0.009 8

10 33.16 2.83 0.990 0.009 2

15 32.72 2.79 0.988 0.0150

20 32.53 2.76 0.993 0.007 4

General Integral 5 33.38 2.85 0.99%4 0.005 2

10 33.10 2.81 0.993 0.004 9

15 32.86 2.78 0.993 0.005 8

20 32.67 2.77 0.995 0.003 1

FHEIE 32.95 2.81
Coats-Redfern J7 7 NAN/DNTF B & 14 72 B AT 3 3 0 5 T 252K 1 T
6l | AR E, (16) 2R (=80 C) , MREARFRR AV AE LK AR
e BE, RT’ R
R TR 4) e A v Bl TR R 0 B A
WC) AR | 2RT LB SR RN B N S 4 A
r PE." E, 7 RI HMX 2 RDX AT 4ES5 .

KPR WRIERFEE, I/ (mol + K); B NN #E
R °C/min,

LML A 715, DFTNAN/DNTF i 45 ¥ 15
il AT LAF 2/3 SR 8h ) 2F 5 BRI, R i
HESRHLBRRRECN f(a) = (1-a)*?, 33 45 ki
it 3 PP A AN R R R T 1 3 2 24
E, A SAEAIRREL r FRUERI T 25 Q.

MR 3 LA M, FHEEFH 5 C/min F] 20
C/min, £, FI A ZAIH /N U6 L 3 2% DFT-
NAN/DNTF {IIE YIS S 8 E, 1A 1Y
AR, 5350 ARRIFHEE 2 T B DSC Edl &
R r Y97 0. 98 VU b bl 2 Q /T
0.02,3 P ERT A4 RAEF 0k,

3 &g

) 5E T DFTNAN/DNTF — o iR & 1K 2 145 il
IR DSC Rk 508, IS T T-X AHIEF H-X
FHIE

2) W T-X Al H-X AH B 3545 2] 9 DFTNAN/
DNTF {395 920 %, m ( DFTNAN) © m( DNTF) 43
B 62.94 1 37.06 F162.88 : 37. 12, Wiy 1451
() 25 S HLAT B0 e — 350k

3) @1 J#47 DFTNAN A1 DNTF & L, £ DFT-

5) £t Satava-Sestdk . Coats-Redfern A1 18 F FH 43
AT LG 75 2 A ARSI Y478 Rl ok 2 1) B AR SR
MLEERECH f(@) = (1-a)??  BI 1 SHE, Al lg A
(- HIMH y 32.95 kl/mol F12. 81, H 3 Fioy kit
Fa AR R,

2 % x #

(1] BR¥e, SPmaA, TRELE, 5. & AR Y o o it e
[J]. &BekAE, 2013, 21(1); 108-115.
CHEN L, SHU Y J, XU R J, et al. Review on energetic
eutectic [ J ].
2013, 21(1) : 108-115.

[2] EoRe WHIRAIELGHBIRIEL R[], kIEZ
24, 2011, 34(5) ; 2528 ,42.

Chinese Journal of Energetic Materials,

WANG Q H. Overview of carrier explosive for melt-cast
composite explosive [ ] ]. Chinese Journal of Explosives
and Propellants, 2011, 34(5) . 25-28 ,42.

[3] KAZAKOV A I, DASHKO D V, NABATOVA A V, et
al. Thermochemical and energy characteristics of DNTF
and DNFF [ J].
Waves, 2018, 54(2) . 147-157.

(4] AEWET, EVLT, BIARME, 55 B8l e e it 2 A A
DNTF AIMRRFELT]. RKEZ5#4R, 2006, 29(2)
33-36, 40.

Combustion Explosion, and Shock



<20 -

T

)

5550 B 5 1

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

REN X N, WANG J N, YIN C M, et al. Thermal de-
composition characteristics of a novel high energy density
material DNTF [ J]. Chinese Journal of Explosives and
Propellants, 2006, 29(2) . 33-36, 40.

BRGE, BRii, B, %. & 3,4-aE Rk a4 1
RN ( DNTF ) 9 2t X HE 9570 [ 0], #EdE R,
2004, 25(6) : 570-572,576.

ZHAO F Q, CHEN P, LUO Y, et al. Study on the com-
posite modified double base propellant containing 3, 4-
dinitrofurazanfuroxan (DNTF) [J]. Journal of Propulsion
Technology, 2004, 25(6) : 570-572,576.

DUDDU R, HOARE J, SANCHEZ P, et al. Synthesis of
nitro, dinitro, and polynitroalkylamino derivatives of
trifurazanoxide[ J ].
2017, 54(6) : 3087-3092.

LI X, WANG B L, LIN Q H, et al. Compatibility study

Journal of Heterocyclic Chemistry,

of DNTF with some insensitive energetic materials and
inert materials[ J]. Journal of Energetic Materials, 2016,
34(4) . 409415.
M, TR, R%4, %. DNTF-CMDB ik 5E
AISEERATIE[T]. KIEZG#4R, 2015, 38(4) : 76-79.
TIAN J, WANG B C, SANG J F, et al. Experimental
research on the properties of CMDB propellant containing
DNTF[J]. Chinese Journal of Explosives and Propel-
lants, 2015, 38(4) . 76-79.
EW, EHES, WO0R, 4. DNAN FEIR DNTF #hifi 3
JRERFIEL)]. AREFDEE, 2010, 18(4) : 435438,
WANG H, WANG Q H, HUANG W B, et al. Shock
sensitivity of DNTF reduced by using DNAN[ J]. Chinese
Journal of Energetic Materials, 2010, 18(4) . 435-438.
JEISCH, K5, XIF-4n. DNTF TNT F1 DNTF-TNT {i%
IEEYITE RDX RIS S oA ise [ J]. S RERDEL,
2008, 16(3): 267-271.
ZHOU W J, ZHANG G, LIU Z R. Kinetics of non-iso-
thermal crystallizations of DNTF, TNT and TNDF-TNT
eutectic system crystallization in RDX [ J].
Journal of Energetic Materials, 2008, 16(3) ; 267-271.
XUHL, XIFan, BHARME. 1,3,3-= A5 AA T 5
(TNAZ) ) — A I AR SR IE B [ 1], & BEERL,
2004 ,12 () . 227-230.
LIU Y, LIU Z R, YIN C M. The phase diagram and

Chinese

eutectic of binary system for 1, 3, 3-trinitroazetidine
(TNAZ) with some energetic materials [ J ]. Chinese
Journal of Energetic Materials, 2004, 12 ( Suppl. ) :
227-230.

B, E¥s, B0y 4 DNAN/DNTF B &K&W
ZOCAH B R LR E R ()], K KE S 2E R,
2020, 43(2) . 213-218, 224.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

GAO J, WANG H, LUO Y M, et al. Study on binary
phase diagram of DNAN/DNTF mixed system and its
mechanical sensitivity [ J]. Chinese Journal of Explo-
sives and Propellants, 2020, 43(2) . 213-218, 224.
PRIS, TREmIA, TR, . WIS E Y
Kerlsh sAmtsE L] SREREL, 2013, 21(6) : 781-
785.

CHEN L, XU R J, XU T, et al. Melting kinetics of
eutectic based on methyl-nitroguanidine [ J ]. Chinese
Journal of Energetic Materials, 2013, 21(6) ; 781-785.
fEwET, Mz, #RIE, 4. DNTF/PETN {K &
TIHIE RARIUE [T ]. S REREL, 2009, 17(4) -
455-458.

REN X N, HENG S Y, SHAO Y H, et al. The binary
phase diagram and eutectic system for DNTF/PETN[ J].
Chinese Journal of Energetic Materials, 2009, 17 (4) .
455-458.

XUF4n. EREARL AT (M. dbst. B Tl R
11,2009 . 388-394.

LIU Z R. Thermal analyses for energetic materials[ M ].
Beijing: National Defense Industry Press, 2009 388-
394.

JRSCHE, REOGHL, SRS, 4. DNTF 1Y 4R 45 & AT
8.1 1 HMX 45 sl 22 [ T]. S REM R,
2007, 15(6) : 629-632.

ZHOU W J, QIN G M, ZHANG G, et al. Non-isother-
mal crystallization of DNTF; 1. crystallization kinetics in
HMX [ ] ].
2007, 15(6) : 629-632.

JASCER, XN, 5RE4AE. DNTF fESE IR 4SS Mo
(IN): 76 RDX &S sl 17 1], & REH KL,
2008, 16(1): 16-18,22.

ZHOU W J, LIU Z R, ZHANG G, et al. Behavior of
non-isothermal crystallization of DNTF( II ) ; crystalliza-

Chinese Journal of Energetic Materials,

tion kinetics in RDX[J]. Chinese Journal of Energetic
Materials, 2008, 16(1) : 16-18,22.

XU, A=W TR LR e S R I il 5l 3~ P 1V Y 52 3
WF5E[D]. dbat: JERESE R, 2012,

LIU X. Study on co-combustion kinetics and ash fusion
kinetics of biomass with bituminous coal [ D |. Beijing:
Beijing Jiaotong University, 2012.

EH. BRI ORI AL PRSI D] AT
I LR, 2003.

WANG L. Experimental study on the melting of munici-
pal solid waste incineration fly ash [ D]. Hangzhou:
Zhejiang University, 2003.

BHORAH, R, BRGE, &F. PO sl (M ]2
JR. AEst: BRoE i RAE, 2008 151-155.



