308 EREEH 0 AL REESE, T

XEHS:1006-9941(2021)04-0308-07
DNPDNTF R LB —cHBE R B3I HF
FEXE -9 F HKFF.I R

(WEIRMAFHRTH, KT WL 710065)

W OE: ONARAE 3, 4- A SENEME (DNP)/3, 4- i ek i L UL Wk B (DNTF) ZJ0iR & 1 & AR 1 TR T A AR S 425 4y 1 445 il ot
T2, R 2278 1 3 A (DSC) W38 T R[] LL 491 (9 DNP/DNTF IR A 1 2 0 WAk Bk ol A2 S T AL IR E T, 5 4180 x 19 T-x +
B s AH 5 A x 1 H-xFE 858 T AR FHE# K 5,10,15,20 °C-min™ , A RN FEHE S (HMX) (5 S8R % (AP) Flil
FEITONQ ) R He s 1y J B 2o 72 19 5% 00 5 38 4 Kissinger J7 7 Fll Satava-Sestak 77 Fe 18045 3] 1% 2 s Wy s dil i 72 00 80 1y 2 2 805 1k
A6 £, F8 00 A RIS AR HLER pR 80, 25 S R0, N T-x A & 45 21 () DNP/DNTF I 05 9 (0 5t A 4 Lo 70.38/29.62 (R 34 1R
H976.38 °C 5t H-xAH KI5 2] BRI W 20 i 70.57/29.43 0 Bl THIRL 3805 (09 85, 8 il B iz 1) F Jek ViR BE RO D IR A 3R s HMX R NQ 1Y
A ARG L s 4 14 5 W 8 S RS, AP BN A A S IR K . DNP/DNTFAR LS Wy i Ja Bl 3l J1 22 2 80 E, FI A 9 19.13 kJ-mol™ il

10°7* o7 I HESR ML EE R B AR IE R - Gla)=(1-a) "= 1,

KA : 3,4- WL (DNP) 53, 4- A FLnk i 3L A ALk i (DNTF) s oG HH B (IR IS5 9 5 0 ik 3l 77 2F

FESEE: T)55; 064

NEIRERG: A

DOI:10.11943/CJEM2021039

1 51 8§

WA AL R A AL G 0 — S E B O AR AL R,
HLA = % TR e R ORI R SRR e
Horfr, 3, 4- s BE ok np 2 A A0 R I (DNTR) AR S 15 %5
FE 245 R e HE R R B T AR B AT e R R
(9250 m-s™), F % )% (1.937 g-cm™) AE A 25 (109~
111 °C) %, 77 H DNTF iy Fa e MR s, 3 5 R i
I iR A 253.6 °C, 5 s SER R KETRE 4 308 °C,
R F DNTF HLA % e i 4 o5 8% (92%) " BR 4l 1
FLAE A 25 F0AfE 15500 v i 2

RN LA Wy AR P AN R L R E e S
Yy AEHh — A B 2 A RS T oAb 4 4
fiff G DT A e A R IO (8 25 A A B ST IR B IR &

Yim B : 2021-02-27; & E HH#: 2021-03-24

I 4% AR B 5 : 2021-04-08

EHER N : ZFE(1982-), 5, TR, ZENFHEEHEEL LT &
T.Z. W58 . e-mail : Ibb500@sina.com

BREBKRAN: £R(1982-), 5, BIAT5 5, 2N F & REM KLY &
S BT SE o e-mail :jiawh204@163.com

/R [ 15 B £ e A0 o LR 5 (BT R (A o 7
ZEEMTLEEAEEHREWRE . AR E
BL T IDNTE Al 43 5105 86 OB (TNT) 1,3, 3- = filf 3k
BT B (TNAZ) I 2, 4-fitd 3 55 B ik (DNAN) 46
TE AR LY o 1M TNAZ (48 o S8 i 77 (44% ) HL3%
MR K, 5 DNTFIE LAY IR 245 4 X 42 4 1 42 A
FEL ;1M TNT 5 DNAN B9 fE &t 0 AIG , 3 Bl 295 4 1 g
KV Z DNTF FFRE £

3, 4-fi5 F ks (DNP) J2& — F o B O B i) 4 24
RETRAEGY ., BEMWE S K 86~88 C, % E N
1.87 g-cm™ JE N 8100 m-s™', J#JE A 29.4 GPa, #
O3 ff VL R 338 °Co IR AN, DNP S AL A ) 8 (45 o Jak
JE 0% JEHRIRE 0% HEMETE 5 71.3 cm) L TNT (i 5
T 4% ~8% | BE IR 4% ~6% A5 PETE R 59 cm) T
B, SRR (TNT)AH LG, DNP B A % B K 3
o MR R T AR AR g R
DNP 5% ¥ 25 414> RDX \HMX .CL-20 . AP Al Fl%
s B A 7%, 22 B DNP VR 5 95 HE 25 4T L 5 ax s 2]
SRR A KES AT IZE . R E iz
FH % B 77 oK BRI, % DNP/CL-20 437 1] i A0 B 4E ]
T T 05, BF5E %] DNP/CL-20 & & W e 1E 4 T

SIAA el W — 0y 48 . DNP/DNTF IR0 4 i = 0 A1 181 Bods fi s 03 2 ). & BE A B, 2021, 29(4):308-314.
LI Bing-bo, LUO Yi-ming, LEl Wei,et al. Binary Phase Diagram and Melting Kinetics of DNP/DNTF Eutectic[J]. Chinese Journal of Energetic Materials( Hanneng

Cailiao),2021,29(4):308-314.

Chinese Journal of Energetic Materials, Vol.29, No.4, 2021 (308—314)

Sttt

www.energetic-materials.org.cn



DNP/DNTF % 3t 45 91 9 — o0 A1 B R o il 5 )y 2

309
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2.2 XIgitiE

FE S & 1)K DNP AT DNTF 4% A [] i & Fe ALK
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TR FEAS [R]85 % {1 e e 0 s e %) 52 1) o

SIS 1) 2 I R R B H 9 DNP/DNTF IR A
Yt it 47 DSC 3 B, R 2 10 °C-min™', &
JE B 2R 30~130 °C, FF & i ik (8.0£0.1) mg, N, Jii #
750 mL-min™, 555 L4 P & 3 36 . 2) 4 i & 47 1Y
DNP/DNTF i 242 9 43 51 76 A 8] 1Y T+ 33 46 (5,10,
15,20 °C-min™"), LA AE A [R]85 I 500 19 5 i 1 2R 47
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DSC 43 B I 32X, Uk FE 38 Bl 2 30~130 °C, A% i T i
(8.0+0.1) mg, i i % 4 50 mL-min™", i 56 1M A B
B .
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Fig.1 Schematic diagram of liquefaction temperature for T-x

phase diagram obtained from DSC curves
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IS M A 0 e s RN AR B R RS o T, oM IR AR A 0
TE 4G TR, BRI R 2 7% DNP 2k DNTF /9
M T (1) 15 2R [A) 41 B A TR A W o8 A A IR
o MR 1TH A LIE SR 9 DNP/DNTFIR &
I ZAR S IR B T 7E 75.6~77.23 CIE Bl N 722 4k, F
BN 76.34 °C. ARG 08 I Rl 5% AH,, FIFE DNP &
A G 0 5 S T v PR AR A AR Ak #, 2 DNP/DNTF
1 5T & LG 70/30 ) HA — AN Rlg , H AH {8 35 3
B R, BT L TR 5 AR R B 58 4 R IR 4 )

FRAE 21 P R O AR TRE TS & R xR
B RS 2] T-x A (B 2) o SR 5 330 (2) 3R (3) %t
Inx~1/THATLAPERIFELA , AL x 7 DNP 5 DNTF 1)
JE IR 53 B8 (x, 3% x,) , TR G 1K & o DNP & DNTF 1y
WAL IR B T, L DNTF FI DNP 28 ¥ [0 )9 3545 19 % &
EWoR
Inx, = 19.318 — 7360.2/T, R = 0.991 (8)
7.0293 — 2524.5/T, R = 0.986 (9)

i 20 (8) M2 (9) fr #3 B4k 1Y 38 #3 BD Jy DNP/
DNTF A& & B A% e dr i, i AR5 25 DNP/DNTF (19 5

In x,
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HE N 70.38/29.62, K4 E E K 76.38 °C; 1
S 1 IR AR B T, 9 ME 76.34 CCRRUA K
(8)F1xC(9) 115545 Hi 1 DNP/DNTF & F B9 Ik HeJ
F 2 4 He Bl 70.45/29.55 i1 70.28/29.72. itk
Al E G R 2 TR = Ak R PR AR 2 A 2 DNP/
DNTF % 45 9 10 20 5 /Y 3 A 11530 &5 AR o 42T,
el =X (8) A1 X (9) 1Y T I 28 A9 32 A A9 21 B IR AR
WA e 3 A A R ¥ E , W AFE S DNP/
DNTF I e 4 1 25 Wl AR e bR %

£1  AFBECLL M DNP/DNTFIR G AR DSC il 4 FEAk 53
Table 1 DSC characteristic values of DNP/DNTF mixed sys-

tems with different molar ratios

w(DNP)/w (DNTF) T, /°C T,/°C AH,, /)-g" AH, /g

0/100 108.45 0 98.01
10/90 75.6 102.41 12.53 96.27
20/80 75.79 100.53 28.42 94.71
30/70 76.06 97.14 41.26 93.67
40/60 76.1 90.56 49.70 92.41
50/50 76.21 88.63 59.57 91.58
60/40 76.53 81.51 75.74 90.20
65/35 76.73 79.84 85.17 89.91
70/30 77.23 77.22 89.32 89.32
75/25 76.81 78.33 77.26 88.93
80/20 76.41 80.17 60.18 87.89
90/10 76.22 82.61 26.45 86.81
100/0 86.28 0 85.85

Note: w is mass percentage; T, is eutectic temperature; T, is complete lique-
fied temperature; AH, is eutectic melting enthalpy; AH, is total melt-

ing enthalpy.
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Fig.2 T-x phase diagram of DNP/DNTF binary system
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VHER, 5 R S, A5 2 A9 LA 1109 75 % 20 )

AH, =-1.7632 + 310.81x,, R = 0.996 (10)
AH, = 126.77 = 125.98x,, R = 0.995 (11)
AH, = 85.692 + 11.72x,, R = 0.995 (12)

M AH=AH, B, 113 15 5] DNP/DNTF 1K & 9 {I%
B S 45 He R 70.57/29.43 5 AH, 5 AH,AZ Y
H70.76/29.24 ;1 AH, 5 AH, 32 S -~ 70.83/29.17,
ML A H-x A B RS BRSSO S T-x
P12k B 48 SR A 4200, A A — Bk .
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Fig.3 H-xphase diagram of DNP/DNTF binary system
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IR W Js fa 2 — P A2 2 ) BRAR 2 AR AL, Y IR
FE T 8 — o R EE R [EAH A R AE S TR F B Be
i 45 [ AH AR A5 AR, DT & 26 0 RlRH 28 o T 6 il )L
D R AT AR BE 55 B0 R AR B AR RGN, B E T, B AT
PLA H DSC 96 8 57 2 W gl g 22 AR HIE g
DNP/DNTF IR J ¥ 19 1 il 2 0 2% AT B 5, IR AL I
YU 21 53 Lo BIAR B T-x AH &35 A1 H-x AH B 75 11 5 45
13 (DNP/DNTF=70.48/29.52) #4745 .
3.2.1 ABRERIMELBYBEHNTIG

SRy BIE 5 T U 56 0TI S ) e ik v s e 43 )R
T 5,10,15,20 °C-min™ /N [R] i 14 T i 8 2 17 5
%, E 4 R AS TR THE G R T DNP/DNTF IS 15 9 14
A2, AEL 4 ha] DA Y Bl AE THRER A5
S5 Tl S 7 T Gy (18 B ) T (R 2 AR N7 1 BRSE SR, (IR 4%
IREH 5 °C-min ' B 5 75.96 °CHER #] 20 °C -min" B
) 77.35 °C, i WE{E IR M 79.55 °CHEIR % 83.47 °C.

B A8 o5 T PR R A 30 R E SR o R TR O A Y
T B R BUR A Y s A I A 5 . e E T
SRR T VRRE S A 1 3 R PR A ST e, 2 [ AR A )
A AL AN IE AR B R B BR R kB, SR A DSC
TR FEAR A 0 1) 9 ek R S A IR TR IR R R i A
AR RE 2 3T PO RS T T R R R 4 5 30K
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Fig.4 DSC curves of DNP/DNTF eutectic at different heating
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15 T IR B K 25 Hh BRI 55 R KE 25 0 i AL
TR BB 2 [ R EORL SRR RS R SR AL 4, S T SR
AN TR 8 9% 0 700 5 DNP/DNTF AR e dg5 1y J fb 4 P 1) 5%
Wi, 7 BF 5% 46 DNP/DNTF K 3L 9 b 4 83 1
HMX AP AT NQ, H i HMX I NQ AT 45 Ay /5 fE M 24 [
PR IURE LA S AP AE R BB RN M A i S Ke 25 . S
4y WIS T HMX AP FiT NQ A% 35 45 9 1 DSC
2%, WS R IR T HMX FJNQ J5 , % flR 46 15
B BB B R 5 T AP I, XK 45 9 J
PERYFZ A K.

2.0
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05t

heat flow / mW-mg
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Fig.5 DSC curves of DNP/DNTF eutectic with different addi-

tives
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_H_s (13) 2 DNPIDNTFSCRIFHE )53
“« H, S Table 2 Kinetic parameters of melting reaction of DNP/

%, H Rzt 2 i R AR BREUE L k) -mol ™ s Hy K
S B R B L k) -mol™s SR e 2 4 il DSC il 4%
5 % B Pl A 1 T AR, S A R 4 ik B DSC 5 Bk 2k L
(N2

i 2k AN [ T i o R 45 2 9 DNP/DNTF IR AL 45 9
J5 Fl ik #2 1 DSC i 2%, A H Kissinger Jy #24, A] D ik
52 AL 3 R B 3o R T 4 SR OIS fk BE E, LR T IR
F A, B F ] Satava-Sestak 7 #2120, 45 4 41 Fhw FH Y
[ R 2 0 8l ) 24 AL ER bR B 5 22 AR I A R e g
VT 14 28 Bl 2 AL B K5 D Ay s Tl Sz N LB R K D)
B LRI R A TR R R 25 B A O R
B (R) BL KR T 0.98, 1153 45 2R 1Y 45 1k 22 (SD) /b T
0.3, KR A MLEE & BOR 3 11 28U A (16) BT
15 5] DNP/DNTF I 455 ) 45 il 3 B2 11 8h ) 22 0

Kissinger /7 2 :

AR E,
In£2= In - — (14)
T E, RT,
Satava-Sestak J5 2
lg G(a) = lg—~ 2.315 - 0.4567 — (15)
RB RT
EIVIEVRE
da A E,
22 = D @exp(—2) (16)
d7 B RT

Arp LB R WA, °C-min™ ; RAMAFEL, ) -mol 'K
T, W TR B L K5 G(a) B3 B A HIL R R 5, (o)
R ARG 8 2 BB R B

% Satava-Sestak 77 # , %t T 1E B £ HL L o5 £ 1)
B0 Gla) , W 241 2 gl Gla) 15 1/T I 21 56
Foo AE AT FRE 0 A SN B ) 2E HLE R A, 37
5 PR B ORI B, A 2e ) 22 (15) 3G 5 13 21
NN FSEE X VOHTES R N R, B A5G
FER KT 0.98, brifiifi 22 SD /N F 0.3 K, HAK
25 R W3R 2,37 5 HLBE R B A o R i o OB 2L X

(17)F(18).
Gla)=1-a)" -1 (17)
fla)=(1-a) (18)

B (18)FIZk 2 iy E AT ASEIER AR (16) 15
F] ) DNP/DNTF XA AE Y 45 @ 1 2 04 8 T3 24 T e
da 10%7* 19.13 x 10°

ﬁ= 3 (1- ) EXP(_T) (19)
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DNTF eutectic

B/C-min™" E/kJ-mol™ Lg(A/s") R SD
5 19.38 9.85 0.996 0.034
Satava.Sestak 10 19.41 9.91 0.997 0.031
15 18.85 9.59 0.995 0.020
20 18.92 9.63 0.994 0.043
5 19.09 9.72 0.998 0.012
o 10
Kissinger 15
20
average 19.13 9.74

Note: B is heating rate; E, is apparent activation energy; A is index factor;
SD is Standard deviation for experimental and fitting results of the
Ig[ G(a) ]~1/T.

MWER2 LA, FHE#EREH S5 C -min™ F
20 °C-min™', E, #l A8 AL 2 &2 /0N, Ul B T il 3 S 0
DNP/DNTF I 3965 Wy 1) 45 il 3 71 2 2 80 E, T A B 3%
M) AR o 53 Ah AN T 3 A 19 DSC B #0045 A1 ¢
AB(R)#IAE 0.99 Lh |, b 1fE 22 (SD) ¥ /N F 0.05,
Kissinger J7 72 fll Satava-Sestak J7 2 A 1153 45 S Ak 4
UL . FWAR M Kissinger J7 72 5 Satava-Sestak J7 F2 4%
B T EAR AT R W i K i 5 ) 22T 5Tl AT

4 %

(1) 38 3 25 7 1 4 &5 #4035 (DSC) # 57 7 DNP/
DNTF ZJCiRA TR R 1Y T-x A1 ERT H-x A A .

(2) i T-xAH &35 45 2 9 DNP/DNTF AL 459
() 4 R BB A 4> b 70.38/29.62, ik 4 IR E N
76.38 °C; B H-x #H & 1155 15 2] 09 I 2 65 9 4 W
70.57/29.43 . WP 7 69 45 F AR F 5T, A R R —
k.

(3) DNP/DNTF K 425 4 114 s fll 1o A2 i 7 7L 3k 2
f Tt L 0 Rl R R 3B S # o In A HMXFIENQ S5 IR
A W ) I 0 R A B S RS s AP I, IR 3L 0
W) 975 R ) S TR K

(4) % Kissinger J7 F2 fl Satava-Sestak J7 2 18 15
B F % A5 P ds il 3k FR 1 B 12 S ECEL AN 1913
kJ-mol™ 1 10°7* ™", f M SR ML B R 009 B4 B 2000

d
Gla)=(1-a) =1, %ﬁwﬁa@a}ﬁ%ﬂ%:ﬁ=

10M L e (= 113X 100,
—a) expl——————— o
P RT
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and associated kinetic data using a non-isothermal integral

Binary Phase Diagram and Melting Kinetics of DNP/DNTF Eutectic

LI Bing-bo, LUO Yi-ming, LEl Wei, ZHANG Meng-meng, WANG Wei
(Xi"an Modern Chemistry Institute, Xi'an 710065, China)

Abstract: In order to get the phase diagrams of 3,4-dinitropyrazole (DNP)/3,4-bis(3-nitrofurazan-4-yl) furoxan (DNTF) binary
mixture system and understand the eutectic melting process, DSC was used to investigate the liquefaction and melting process of
DNP/DNTF mixed system with different proportions. The T-x phase diagram and H-x phase diagram were established, and the ef-
fects of different heating rates and additives on melting process of eutectic were studied. Finally, the kinetic parameters E, and A
of eutectic melting process were calculated by Kissinger equation and Satava-Sestak equation. Results show that the mass percent-
age of DNP/ DNTF eutectic is 70.38/29.62 and the eutectic temperature is 76.38 °C based on T-x phase diagram, which is good
consistent with that from H-x phase diagram as 70.57/29.43. With the increase of heating rate, the initial temperature and peak
temperature of melting process are delayed correspondingly. After the addition of Octogen (HMX) and nitroguanidine (NQ) ,
the melting point of the low eutectic is significantly delayed, while ammonium perchlorate (AP) has little effect on the melting
point. The melting kinetic parameters E, and A of DNP/DNTF eutectic are 19.13 kJ-mol™ and 10°7* s' respectively, and the inte-
gral form of the most probable mechanism function is: G(a)=(1-a)™'-1.

Key words: 3, 4-dinitropyrazole (DNP) ; 3, 4-bis(3-nitrofurazan-4-yl) furoxan (DNTF) ;binary phase system;eutectic; melting ki-
netics
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