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Fig. 1

Phase diagram of C;N,!"”! (Circles, squares, diamonds

and triangles denote graphite, O-C,N,, diamond and g-C;N,,

respectively. Thick solid line represents the boundary between

graphite and diamond, and the dashed line indicates the
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Fig. 2 Schematic diagram of the particle swarm optimization algorithm
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Fig. 3 Variation of iteration error with iteration times

in particle swarm optimization algorithm

2 HHEER

AWFTERRE M g-CN, A1 O-C,N, AL 2R ST RS E R 1 iR . g-CN, fil O-C,N, [ fb 27k
AT AR AT S AT DLGE 5 %) bE A B ) 5 — 1 e B SRl S IR (R AT F
T, BRE Y g-CyN, B Vo N 0.449 em®/g, 55— PSRBT 5545 5 0 0.433 cm?/g™*), MR 22 K

3.56%, FEA] L2 L Y o

HR, AR TR TR g-C N, F1 O-C,N,, 1A T HE 46 46 5 S0 B0 E W 5 B e v, an &1 4 r
7N, R FIXT IR 2220 1.85%. MR 8 BN (c) e X, TTHE T O-C,N, B9 ¢, 5 Cang 5™ )55 —
P PR TR R LA B ) — PR CE AR R 228 2.27%), WE 5 s .

#z 1 g-CN,#O-CN, WL ZFREHFIEEHR

Table 1 Thermochemical equation of state parameters of g-C;N, and O-C;N,
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60 180
A ® g-CN,expl'l
sol \\ A O-CN, exp.l' 160 |-
A\ — — —g-C;N,, calc.
N \ — — —0-C;N,, calc. 140 -
wf e Aﬁ ~ 120}
N \& Y
~ [ + 100
o N N\ |
S 30F o A S
& ‘o A E g0t
~ \\ =4
20 + .\\ S S 60k
AN N
e o - 40 F
10 + LGRS - e Call .
~ e - 20 — -@— - First principles
e
0 L - L ® 06 1 1 1 I I
0.85 0.90 0.95 1.00 200 400 600 800 1000 1200
VIV, /K

B4 bR R IR S A R X L
Fig. 4 Comparison of calculated compression lines with
experimental results under room temperature
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Fig. 5 Specific heat capacity at constant
volume of O-C,N,
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GERGE T AR 528 TR B 19 TKX-50 KE 25 1Y CJ 4835 S 400 40950 43k 2 fow, Hid: De, pegs
Tey 20500 CT M . CTRRIEAT CT IR . 3k 2 AT, X T8 i3 07 vk, Lg% 4 i Pk A 1L ¥
Explo 5. CHEETAH, i J2 £ 50 A 3, 78 TKX-50 K 24 1) #1855 FF (1.877 g/em?) & Tl i CJ 4534 (9.650~
9.735 km/s) Fl CJ 8 F (42 GPa 7247 ) #F L A HE 25 3 B3, X W2 A58 51— Al TKX-50 KE 2541
B EEN . S28 I, Gottfried 21 & 3, FRIE % B N TKX-50 425 i CT 4534 (9.432 km/s) Fi§ /)y
FIFEAA . XERE ST T Tan 2500 58 5 SCH6 & B, 24 TKX-50 K245 1 25 B R MK T B30 25 B i, H o J3
B CY BRI /N Tt E . W TS0 L EERE 25 0 CT AR AN B &, PRk, U5 TKX-50 4E 25 19
CIENZERB R, ARUFFETTHE LS LI TKX-50 MEZ5BE ) O-C,N, & &%, 131 CJ 1R
FRFT CJ 4 B 52 05 2 M 94.8% Vo I, 1A% CJ M3, CJ 48 555 Tan £8P0 3145 1 52 56 {6 1Y AH
XF 15 22 53 A 5.24% F1 7.20%, Sl T4 WA .l 3% 2 FAL, BEE Vox BY T B, TKX-50 FEZ5 1Y CJ 4
TREL 3%, CT 1K N REL 16%, CTIRE T 20 7%, X Ui B TKX-50 XE 24 () CJ 48 & Al CT I B X6k 2%
BT AR AR AR B BURK, T CT S DU R BURK, X A5 1E X T TKX-50 K 24 B M 35 P REAfF 9 oA 22
Wl . AR TR SRR, CN, Al BB A T TKX-50 JEZS IR ==, i AR E S LR EN £ 5
Ut A TKX-50 % 2415 55 7 ) v n] i 3 A7 78 LA R A4 47 .

#2 LBRIITHEBSE TKX-50 EHH CIEREH
Table 2 CJ parameters of TKX-50 explosives obtained by experiments and calculations

Method pol(grem™) Dey/(km-s™) Ppe/GPa T/K
Exp. (detonation test)“* 1.877 9.432
Exp. (damage test)* 1.86 9.037 26.40
Exp. (DRZ test)™™"! 1.85 9.050 35.04
Cale. (Vox) 1.85 9.783 38.20 3161.9
Calc. (95.3%Vox) 1.85 9.735 33.30 3030.9
Calc. (94.8%Vox) 1.85 9.525 32.50 2953.9
Calc. (Explo 5.05)1 1.877 9.698 42.40 3954
Calc. (CHEETAH 8.0)“*] 1.877 9.735 42.40 2845
Calc. (empirical code)®™! 1.877 9.650 41.90 3724
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ST MBI, X g-C,N, #l O-C,N, #3774 i) = Bk 2F RS R, HHE TRIHR LA L 1K
SRR S ) TR 5 G (P B — SR B A A R e 2 SR R I, i B R S RS B WD AR HE 2
Y 2k, e 25 A FIAH I 5 38 5 50 — 1k DR BRI TSR S SE B (E W) & B, AR R 22 43 01 3.50%
1.85%. 2.27% F1 1.44%, 0B T R F B0 5 2o SR A2 DR 28 T 5 1)l S R v i 12

FKHAPAL RS TR R T g-CN, A1 O-C,N, A 3L, FIWT A58 A B2 7E 50~70 GPa J& J) il i
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Study and Preliminary Application of the Thermochemical
Equation of State of C;N,

CHEN Yulan', PEI Hongbo?, GUO Wencan®, LIU Fusheng', GAN Yundan’, LI Xinghan'*

(1. School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, Sichuan, China,
2. National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621999, Sichuan, China;
3. Xi’an Modern Chemistry Research Institute, Xi’an 710065, Shaanxi, China)

Abstract: C;N, has a wide range of applications in the synthesis of superhard materials and photocatalysis

materials, but its phase transitions and physical behaviors under high pressure and high temperature

conditions are not fully understood. Therefore, it is necessary to study its thermochemical equation of state.

In this paper, we propose a novel, high-precision and low-cost method for quantitatively determining the
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equation of state of C;N,, based on decomposition phase boundary and compression line at room
temperature. We constructs the equation of state for two phases of C;N,, and the corresponding physical
quantities match well with first-principles calculations and experimental values, proving the reliability of the
equation of state. Based on the equation of state of C;N,, we make a preliminary judgment on the phase state
of the controversial points. Furthermore, this study attempts to incorporate the equation of state of C;N, into
the research on the detonation mechanism of novel nitrogen-rich explosives. It significantly reduces the long-
standing errors between the calculated values and experimental values of the detonation parameters of the
explosives, and provides a new reference direction for the research on the detonation parameter calculations
of new explosives.

Keywords: C;N,; thermochemical equation of state; phase boundary; nitrogen-rich explosive
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