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Determination of CJ Detonation Parameters “
[Givenp A

Lhdnbe the pressiite puto both sides from
[Grea )

the CT pomt
Q;
Determine the mole fraction x, of product Gwen T
components at given p and 7 based on the
minimum free energy principle

Dclermmcthc mole fractions x, of product
compenents/At given p and T based on the
minimum free energy principle

Calculate product internal energy £ and
specific volume v

of the product at CJ statg,

_’{ Calculate the total entropy S, |_

-
a

Iteratively solve for the post-detonation wave

o
5
, Caflculate the total entropy S of the product
temperature 7 based on £-E£,=1/2(p+pg)(vg-v) atpand T

g l

Iteratively solve for the CJ pressure pe, o Iteratively solve for the corresponding
when the detonation velocity D is temperature T based on S=S,
minimized based on D=v,[(p-py)/(vy-v)]"? l
Calculate quantities such as v, E, p on the
Calculate other CJ parameters: isentrope
ver- AP per s uer[(p-po)(viv)]'2

Bl 1 BKW T2/ CJARZ K CJ S5 BKW 2 /7 it S e 1
Fig. 1 CJ state and CJ isentropic line flowchart of BKW program.
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Table 1 Parameters of BKW equation of state

Explosives o p 12 K

Nitramines 0.5 0.16 400 10.90978
Nitroaromatics 0.5 0.09585 400 12.685

Triazoles 0.5 0.18 1850 11.800

XA, ASCR A Cowan-Fickett IRZS 77 FE#EAT ik



[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

P=PWV)+a(V)T, +b(V,)T;

B CcC. D, FE
R = A+ 4ty Lyt
VS S VS I/S
A
alVy)=4 +72
s , ()
b(Vy)=C +ClV,+CJ;
V=2
Yol
T
TV:E

Hr1ds. Bsw Csv Dsv Esv Ais Ay Civ Con CGRIEBIBHL, po VI FE
RER, BKW B H AR AR A B2 14 2 3515 o £
3
S(Ty=>.AT" 3)

n=0

FR 15k R 5

dH =TdS +Vdp
dG =—SdT +Vdp

Sa01)s QRIAREAEEE S REDIRE T HA R ) 78

AHIF R AIELW [ T F ClLAEH AT 3R MR BKW R AR SR 53X 2 R i WA
KA, HP RSB H XA R (R 2 25 B, aedofilxr BKW R /7 kAT 7 okt 6%, FETAE
BAERRARE BB A R A A S S BE . & )R TCER D TR AR
JE AR M E MRS, MOREERAE 22 MR 4

2 GRS

2.1 PBX-9502 #3R 5 502 BUREKEZS

PBX-9502 JEZ5 6175 95%TATB(CsHNsOs)F1 5% Kel-F - 800((CoH,F,)m(CoF3Cl),), 502 fist 32 %
7> N BEE IR TIR OBE(CHING,), \—FH AR TR LT B 1mol & XE 245X B 76 3 T B A i
W2 2 Fon, o AR R R 2 7 A A R B R A 45 th

AHJ =) AHY, (5)

(4)

HAl, R TATB af@id SCERU i 13 5 A il Oh 139.8kI/mol, Xt Kel-F 800 AN A 4 IR LB,
ARSI I SR GOIEL AT A S (L3R 3D, HLAE I3 5 79-2174.0k)/mol A1-284.0kJ/mol. i Z2 15
WA, EFBOAET N, FEE IR L8652 22 S AN B & 7 1E i A A R G B, AL C=C XL
B — N DU >C<HE B AT —AN-CH,-
2 PBX-9502 ¥R 5 502 RAEIREL THITRITESE MM
Table 2 Molecular formula and heat of formation of PBX-9502 powder and 502 adhesive at different mass ratios

o PBX-9502 502 JLHRITE e AH® f{(298K)
Wt% wt%  C H N 0 F Cl kJ/mol
1 100 0  6.0636 5.8727 5.8091 58091 03500 0.0955 263.1088  -204.5262
2 90 10  6.0516 6.0862 4.8983 5.0877 0.2837 0.0774 2369762  -219.5778
3 80 20 6.0417 62611 4.1521 44966 0.2294 0.0626 215.5657  -231.9095
4 70 30 6.0335 64071 3.5295 4.0035 0.1841 0.0502 197.7035  -242.1976
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5 60 40  6.0265 6.5307 3.0023 3.5859 0.1457 0.0397 182.5749 -250.9112
6 50 50  6.0205 6.6367 2.5499 3.2276 0.1128 0.0308 169.5971 -258.3860
% 3 Kel-F 800 MEERHEL C a4 AR STk
Table 3 The group contribution for heat of formation of Kel-F 800 and ethyl cyanoacrylate

S Kel-F T PR 2 AH® fi298K)
kJ/mol
“CH 0 1 -46.0
“CHe ! 2 22,0
~C< 7 1 20.0
-COO- 0 1 337.0
N 0 1 123.0
T 1 0 -195.0
<l 3 0 -49.0

2.2 FEEIRK ST R ELARAE N

VEATEURE . R JJEANEAE T, A A W s 2, e B [l Gibbs TR RIS/ 77 Al kAT
X CHNO KIEZ, 155 R NG H =P F B 11 Mk =4
(H,O. H,. O,. NH3. H. OH. CH,;. N,» NO. CO. CO,)F1 1 Al A5 Y1(4NIA C). BKW R
TEHATPFAMELE S, $R4E T X Ser =W AL AR . AR RIbR I i 5 22 Tt R A Al . Rk, X
PBX-9502 F1 502 IR-& T IIYEZS, JRF BKW FEFRJE RIS  0 0, iR as F. Cl
TCEMFHR =S EhREE S Fy CLINAIERA
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Cl. CHFCly. CFsCl. CF,Clys CFCly 4§ 18 Flt, JH 298 ASK il & kAR sl v i 2 3R ISIg5 Y, %)
SCRRASEAEECIE (S, R FH R DT mhE A R 2 . FEAN B REARARE DL, P 4br s SonT
ARSI COR 153

S@(T)—S@(29&15)=f;mscfdh1T ©6)

A TR 2, @RGSR IR G )15 7 5T A AR RIS, 7E— TR YE I P 56 R A
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B2 & pa oz UM W AR v A -l P fh 2
Fig. 2 Standard entropy versus temperature curves of gases containing halogen elements
®4 SRR RMRERERERY

Table 4 Temperature polynomial coefficients of standard entropy for gases containing halogen elements

Ao 4 4> 4s
P I
10Cal/mol-K 10-2Cal/mol-K? 10-°Cal/mol-K? 10-'°Cal/mol-K*
1 F, 4.5895947 1.5239084 -3.4420800 3.1408853
2 Cl, 5.0790072 1.5686744 -3.6042726 3.2983422
3 HF 3.8962741 1.5238711 -3.4419025 3.1407002
4 HCl1 4.2698334 1.2655038 -2.7121359 2.4932621
5 CH3F 4.6586041 2.7088190 -5.0243864 4.2418904
6 CH,F, 5.1875699 3.0081808 -5.8546209 5.0746620
7 CHF; 5.2287419 3.3759011 -6.8787447 6.1374869
8 CF4 5.4846714 3.7709613 -7/9997584 7.2884863
9 CH;Cl 4.9465319 2.7946576 25.2326588 4.5270241
10 CH,Cl, 5.7698867 3.2011426 -6:3993812 5.7162252
11 CHCl, 6.3559285 3.6841248 %7.8332402 7.1575375
12 CCly 6.6816040 4.2345483 29.5069737 8.8223510
13 CH,FCl 5.6210788 3.1086819 -6.1318227 5.4080846
14 CHF,Cl1 5.9817031 3.4759334 -7.1885352 6.4610062
15 CHEFC(Cl, 6.2843638 35940764 -7.5614754 6.8635546
16 CF;Cl1 6.0755674 338975207 -8.4038753 7.7033670
17 CF,Cl, 6.4417320 410123906 -8.7721643 8.0801168
18 CFCl; 6.6716047 4.1273468 -9.1483692 8.4592548

2.3 FYSEKER

K BKW RS R E =R G ARSI HIRE, B HFFHLWHE SRS k. %4
HOE R AN FNEZY, 8 BKW AR T8 CT B CT B E, AW =Sk K iE, #
THEAL S B 5 S8 AR 25 SR RS 51, (HIR T4 F. ClLCEINIEZ X ED, ASCGEEx
3 FPANI % PBX-9502 MEZ MR S HU KM E & Fy Cl LR MRMERE, HAM ErEE—
AME BKW THH TR 250 S0k 5 2% Bm 0 22 B NS R AL R R, A SOR FH B3R Bk ks
IERER =PI AR 2, AR B R BKW R 15 R R 2 E VIR BB E, RIEA
=

ol dk
K =k —x, 5 E (7)
BATIER, HHP N BKW TS H =P SR BE R B, AR RGP K BT H T R & H
BAGIIREN, iR ZE E 8 UK 3 FhEs i PBX-9502 YEZ5iH 5 TS Cl IR ESH(EE. BE)5%
% ClIRESHEMENE M, Bl BRI cm/us AT GPa, WA =25 A A8 [F] (1 5= 2
R, 2% CHNO PSR %, BE Fy CLPAWIRATE 100~2000 Z [HIEUE. PR 25 BUE K
NG G RRAS B PR (I BE R B, TR BE IR EUR /NI =R A7, RS BUE R R S 4 A
FHXSEN o THERS, R ISIUE R AR RTS, BT RIRE . @250iER, 135
FFE Py ClLIUGE SRR E, WK S, EZERAIET, BKW P X A H%E PBX-9502
P& SRS TR RAm ZEE 0.22% AN (K 6).
#*5 BF CIREXE~YEHER

Table 5 Covolumes of gases containing halogen elements

g Pk KA 5 R R
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1 F, 243.31 10 CH,Cl, 346.62
2 Cl, 301.69 11 CHCl; 410.37
3 HF 283.89 12 CCly 443.86
4 HCI 254.42 13 CH,FCl1 545.36
5 CH5F 506.25 14 CHF,Cl1 694.77
6 CH,F, 602.89 15 CHFCl, 693.11
7 CHF; 839.15 16 CF5Cl1 830.56
8 CF4 952.70 17 CF,Cl, 763.72
9 CH;Cl 351.62 18 CFCl; 853.15

7 6 TEIHBE PBX9502 1R S HH0 BKW it B4R 5 3B BExI L

Table 6 Comparison of BKW calculation results and literature data for detonation parameters of PBX9502 with different

densities
DC_] / (km/s) PCy / GPa
p/ (g/em?) . R . .
CHR[16] BKW FXHRZE % XHR[16] BKW FHXHRZE %
1.8686 7.706 7.6921 -0.18 27.36 273573 -0.01
1.8940 7.782 7.7750 -0.09 28.22 28.1577 -0.22
1.9152 7.838 7.8453 0.09 28.90 28.8470 -0.18

R 5 TR RERLE R, 5K BKW BEFHHE T INTDAIH: TATB 25 (B0 4557
H CoHLF, Fl CoF3CL LI 5 Kel-F 800 A5 AT ANEN I CI [ EZ AL, HIEAR K 5 30k g R IEA—
HER T, RPARHEN SRR AIEREREA € WG EYE, T 1T LU R &7 e
2R EREVEAN
=7 BESEE B T EER S CE B IR L

Table 7 Comparison of BKW calculation results and literatirerdata for detonation parameters of TATB-based explosive and

TNT
N Dey Akm/s) pcy/ GPa
YEZ I / (g/lem3) o o . s
ik BKW FXRZE % ik BKW MFTRZE %
TNT 1.63 6.928[101  @6.8591 -0.99 19.1010] 19.3562 1.34
TATB 3 JEZ 1.888 767317 7.7482 0.98 28.00171 28.0563 0.20

2.4 PBX-9502 5 502 IR & MEZIRY CJ IR/EBH

K 1 522 BRW IR A T BRI B4, R 2 IR A TSR0 T VR AE . 3 4 At
WU RBONEE 5 7R 78, 25T BKW BRFXAFIRCEE . AN ) PBX-9502 #1502 iR
EVELBAT IR, AFB AR C Bl CI BRHE, UL 3 . EHEITT L, Bl 2Re 24 BE R,
502 o Lib, WEARYES CT REUR CI R RIS I . ANIE) 502 JIR S EE R, ikl % FE I AR AL
HEFEAKALR], /PR BB 2 FE AR A 22 B8 502 JIR o5 LU R e A 38, Sk BB R R T
T 2% L NI 2 )%

bR b, WA IEZ R, B 502 IR Ttk N, HAARREMARGEE 2), MTRES C
WG, AU E R (B 4a), T SBO-WIRIERE TR, 0 CYBREKRR, HIgEMAH N
N U7, RAE RIS B Y B R BN B, (Bl CT LA T FE(E] 4b), Sk
BR BE, RN SB35 32 S, PRI SR B SR Hk b N R AT AR CI
JEIHE R
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(a) CJ detonation velocity (b) CJ pressure

Bl 3 % B AN [IC H PBX9502 T 502 VR A 0E 25 (¥ CT HRSd g K (15
Fig. 3 The effect of density on the CJ detonation velocity and pressure of PBX9502 and 502 adheSiveéanixed explosives with

different ratios

total Mole of gases / mol

5:_ T s . 0,6:
0!9 0. I95 Il ],:}5 3l,I ],IIS I{Z I 0?9 0,“)5 Il I,:]S 3l,I 1 IIS IIZ
p/(g/em’) p/ (g/en)
a) total Mole of gases b) CJ specific volume

Kl 4 3 AN RIC EE PBX-9502 A 502 VR £ 1F 25 CI RS A7 My B /R EO B 1 52
Fig. 4 The effect of density on the molar fiumber and specific volume of gas products in the CJ state of PBX-9502 and 502
gl mixed explosives with different ratios
2.5 HERLRESEL=Y MLOKEHE
N5 AR 38 PR A AR s ) o BT IR FE PBX-9502 A 502 JIR TR & NE 24 B 1 1 e itk
ITREHE, IERERHEHLIWL RET RS WL RS REHSHELN
p=Ae"" +Be™™" +Cy ®)
Htv=vivg, Ay BY QORI Ryw oNRBIZH, S2br b, 0% BKW 2P HE TSI CT /i p-v
S LA A SR W /N SR HAT IS BRI 5 2IHI < S 8. & 8 9 PBX-9502 55 502 [ii#%
7:3 LLGIVR OGN A BATE 0.9~1.2 g/em’ E A MIFEZGAHSCIL S 45 4L, AR VBB S5 2 5 TWL & 5%
TLERTLE LI SR, B AEBORANS LU AVE N AT SRy A S LU LR 79 TWL RS
TS TR A ER, X EARER.
% 8 MAUREEIEL =) WL IREHESH
Table 8 Parameters of JWL equation of state for product of typical low-density explosive

Yo A B C

g/em’ GPa GPa GPa fa R “
0.9 1828.260 54.243 2414 14.24586 6.00797 0.91511
1.0 1859.854 55.895 2.785 12.86775 5.43208 0.91533
1.1 1919.808 60.710 3.172 11.82496 5.03780 0.91973
1.2 1947.197 65.817 3.571 10.92865 471671 0.92696
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;F0.9g/cm3, BKW

p=0.9g/cm’, jwl fitted

p=lg/em’, BKW
—— p=lgfem’, jwl fitted
———— p=l.1g/em’, BKW
—————— p=l.1g/ent’, jwl fitted
p=1.2g/cm’, BKW
p=1.2g/cnt’, jwl fitted

p/GPa

v/iv
0
5 BKW TH5LT#5 CJ 85054k S TWL 405 5552k
Fig. 5 CJ isentropic lines calculated by BKW and fitted with,d Wk equation
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Detonation Performance and Equation of‘State' of Low Density Explosive Mixed

by PBX-9502 Powder and 502 Glue

LIU Kun!, TANG Jiupeng!’ 2, WANG Qiang!
(1. Institute of Fluid\Physics, CAEP, Mianyang 621999, Sichuan, China;
2. State Key Laboratory of Shock®Wave and Detonation Physics, Mianyang 621999, Sichuan, China)

Abstract: This study focuses omthe detonation performance and equation of state (EoS) of a low-density
composite explosive mixed in'a certain proportion of PBX-9502 powder and 502 glue. The theoretical
analysis method was used, based on the BKW program. The main work includes calculating the heat of
formation of KelsF (PBX+9502 binder) and ethyl cyanoacrylate (main component of 502 glue) using the
group contribation method, determining the standard entropy temperature coefficient and excess volume of
18 product gases.c¢ontaining F and Cl elements, Within the BKW program framework, the CJ detonation
velocity and pressure were determined for five mixing ratios and four density states. The corresponding
JWL EoS parameters are fitted based on the calculated CJ isentropic line. The results show that the
detonation velocity and pressure are positively correlated with initial density, but negatively correlated with
the content of 502 glue. The relevant results provide a theoretical basis for the selection of 502 glue ratio
and mixed charge density in practical applications. The obtained JWL EoS parameters can also be used by
general detonation calculation software to evaluate the detonation performance of devices. The relevant
method can also be directly extended to the study of detonation parameters of other formulated explosives
(sulfur, aluminum), which has important engineering application value.

Keywords: composite explosive; BKW; detonation parameter; JWL state equation



