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TRETE B MR 28T BRI AR R
V,=2.69 x10 *p(V,-V,) /T (2)
Ao, Vi iR AR MRS TR RO SRR (R
) ,mL; 2.69 x 10 7 bR iR & TR E 5 K 1
{5, kPa; p R AR AR TE T3 Vo h RN 25 AR
TR0 P 3 32 4 B AR B Z A, mLy Vi sl RE AR R (5
HERLIEE ) ,mL; T 5 %, K,

FU N
R=V.-(V,+V,) (3)
Ao, R A BB TR, mLs Ve S RO 2 de iR LK
I 3 F2 8 B AR R, mLs vV, O AR IO 3
mbL; Vg o BAiFE i, mbLo B Aol AR - 47 i
3, JE B .

MHAMETE PR E: R<3.0 mL,fH%; R=3.0 ~
5.0 mL, &z W ; R>5.0 mL, ~AHZE

R JH AT, T AR AR B bR o ORI (DL IR fEITH)
Table 1 Evaluated standard of compatibility for explosive

and contacted materials

criteria AT,/ °C rating"’

less than or equal to 2 A compatible or good compatibility

3-5 B slightly sensitized or fair compatibility
6-15 C sensitized or poor compatibility
15 —above D hazardous or bad compatibility

Note: 1) A—safe for use in any explosive design;
B—safe for use in testing, when the device will be used in a
very short period of time, not to be used as a binder material,
or when long-term storage is desired;
C—not recommended for use with explosive items;

D—hazardous,do not use under any conditions.
3 GRS

3.1 BHN By# 5 8R1TA

BHN 43/ — AT & TR 9 8+ WA 2= %
FE R, Hrp HE R &+ & — e+
0017 TRE AU DY 7 b A 1) ST AR 8 R 45 44, BHIN (1)
G- W Scheme 1, T il BHN (1 #4024 2 i 1
AT T BHN 7E 10 °C - min ™' FHE#E R & 1EF 1
DSC £k (0.1 MPa) #il TG-DTG i &k, s #uni® 1 fi
Kl 2 FiR .

M Scheme 1 7] F i, + & 1+ 0 iR BH 25+ &5 44
B S El AR 7 AN ) A S B AR E B S
OB, 25 T B Ay 0 26 v 38 Oy S b A B NS B, T
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Fig.1 DSC curve of BHN at a heating rate of 10 °C + min ™'
at 0.1 MPa

110 40
105 - 312.78°C 35
100 296.49°C 30
9% 101.2% 2%

weight / %
&

356.65°C
66.86%

&
deriv.weight / °C - min”!

7 29017°C

50 100 150 200 250 300 350 400 450 500 550_
temperature / °C

B2 BHN [ TG-DTG Bk (10 °C - min™")
Fig.2 TG-DTG curves of BHN binder at a heating rate of
10 °C - min ™'
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MIE 4 FiZk 2 AT F 4 F B —4 5, DNTF 194y
il TP U 3L Ry 2736 °C, BHIN 4 43 fift ik 44 06g 06 it
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Mo i M HE IR T 33,8 °C, (A ik, AT LA FI Wy BHN 5
DNTF 1 2 AMHA R . XA AEJEH T BHN 5 DNTF
RAE G A3 A0 i I AF e AH B AR, 2P0 2 e ik T
M 5 0 J7 B, W] B R B A i 41 4 (DNTF) 1 43 fif 0
T, DA £ 5 HE 22 7] 1 A28 7 1k
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MIEL 6 F1 2 AT & H, HMX 143 A i B e 06 1L
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M 7 Fn# 2 ] & T —4 45, GAP 14y
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SRR — AR EHLR, ANAFAE O 1% 3R, BHIN ) 43
fifp B P W W 3R 4 305.8 °C, BHN 5 Al ByiR & )5,
BHN/AlI — JC & & 1y DSC # 43 fift Jor $4 0% i K
306.3 °C, ¥ BHN (¥ 53 fif Ve {42 57 T 0.5 °C, H ik,
AT LLAIE BHN 5 ALB R AR

18
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Fig.3 DSC curves of BHN,FOX-12 and BHN/FOX-12 mixture
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Table 2 Data of energetic materials and binary system obtained

by DSC

mixture system single system T,/ °C T,/ °C AT,/ °C rating
BHN/FOX-12  FOX-12 218.4 174.6 43.8 D
BHN/DNTF DNTF 273.6 307.4 -33.8 D
BHN/CL-20 CL-20 250.8 248.9 1.9 A
BHN/HMX HMX 283.7 281.3 2.4 B
BHN/GAP GAP 250.3 246.7 3.6 B
BHN/AI BHN 305.8 306.3 -0.5 A

WG A — R AR, 2SR AT DSC WF 5845 A
RAMER IR REL X H & EATAME; AW H
A N —E M. HI, IR A WIR R AR, W]
K HI DTA/TG 8 VST Jiik i ir#b s L5, LAk — 2
i HFRETHE
3.3 VST E# 3 BHN SHEXM BB

K HI VST J5rikWhg 7 BHN 54 i ) 1w RE 2
4% RDX HMX Al ¥ Mg ¥ NTO-Pb AP HTPB .DOS
AD-Cu . TDI GFP F1 IPDI [l fH 751, 25 5 22 3,

22 3 Al & &, BHN 4 %] 5 RDX.HMX . AP,
NTO-Pb Al # .Mg ¥ \HTPB . DOS Fl AD-Cu &4 )5,
INARE O R X AT RS2 B T BHN Z U5 L )5 £
BT RDX AL K3 (AP 25 [ (4 UKL, B2 R 38, DT ik
A he M A 2012 % %20 %

%3 (280 -285)
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TR R, W BHN 5 RDX HMX AP NTO-Pb Al
Mg B AH BAE /N, A B A S . BHN 5
GFP F1 IPDUYR A &, in A8 s 0o W A 385, {HL 4 ik
AT 3 mL, AR S H bR e, AT LA R W BHN 5
GFP F1 IPDI AR 25, W LA [ B piz Y T [ 4 4 2 550 e J7
i, X BHN 5 TDURG 5 O W 8 m, R W
HIRA G TE MG B A A B AR . PR, 7 AR 4
HEF R ASBERE TDI 5 BHN [R] i I F #E2 50  vh

&3 BHN SHfedtil 224 0 i A4S

Table 3  Compatibility results of BHN with some energetic

materials

No.  systems gjf)lved/mL re]\?i)liiison/mL rating

0 BHN 0.62 - -

1 RDX 0.09 -0.49 compatible
BHN/RDX 0.27

2 HMX 0.08 -0.37 compatible
BHN/HMX 0.52

3 Al 0.04 -0.36 compatible
BHN/AI 0.53

4 Mg 0.04 -0.42 compatible
BHN/Mg 0.41

5 NTO-Pb 0.18 -0.35 compatible
BHN/NTO-Pb 0.58

6 AP 0.03 -0.37 compatible
BHN/AP 0.54

7 HTPB 0.18 -0.17 compatible
BHN/HTPB 0.35

8 DOS 0.28 -0.46 compatible
BHN/DOS 0.35

9 AD-Cu 0.21 -0.44 compatible
BHN/AD-Cu 0.37

10 DI 0.42 3.18 fair compatibility
BHN/TDI 5.02

11 GFP 0.26 0.04 compatible
BHN/GFP 0.13

12 IPDI 0.34 0.04 compatible
BHN/IPDI 0.12

4%

(1) BHN By 52 $553 fiff g — A~ A0 M B B, Ho 0 i
TR I O 305.8 °C, Mt AR iR B2k 33.14% , X 5
TG-DTG # 2I y da MW &, o fif Ak e i 28 5
TP AR AR L, BHN f9 B0 70 fif e il iy , 22 78 PR A

(2) BHN 43 5] 5 RDX,HMX AP NTO-Pb, Al
¥r Mg ¥ (HT,B DOS Fil AD-Cu # % b, H Y5
TDUIR A A7 45 SR, B4, 6 4 T AP 0 R JBCAR 7 17 415
f#E 2 IPD A AR
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Thermal Behavior of Tetraethylammonium Dodecahydrododecaborates ( BHN ) and Its Compatibility with
Main Components of Propellant

PANG Wei-qiang, XUE Yun-na, FAN Xue-zhong, XU Hui-xiang, SHI Xiao-bing, LI Yang, LI Yong-hong, WANG Xiao-fei
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The thermal behaviors of tetraethylammonium dodecahydrododecaborates ( BHN ) were investigated by DSC and
TG-DTG techniques. The compatibilities of BHN with 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexanitrohexaazaisowurtzitane
(CL-20), 3, 4-dinitrofurzanfuroxan ( DNTF ) , N-guanylurea-dianitramide ( FOX-12 ), cyclotetramethylenetetranitroamine ( HMX) ,
glycidyl azide polymer ( GAP) , cyclotrimethylenetrinitramine ( RDX) , ammonium perchlorate ( AP) , lead 3-nitro-1,2,4-triazol-5-
onate(NTO-Pb) ,hydroxyl terminated polybutediene ( HTPB) , di-2-ethylhexyl sebacate (DOS) ,2,4-toluene diisocyanate ( TDI),
isophorone diisocyanate( IPDI) , cupric adipate (AD-Cu) , Al powder and Mg powder were examined by DSC method as well as
vacuum stability test. The results indicate that there is one main exothermic decomposition stage for BHN sample, the peak
temperature is 305.8 °C. The compatibilities of BHN with CL-20, HMX, GAP,RDX, AP, NTO-Pb, HTPB, DOS, IPDI, AD-Cu, Al
powder and Mg powder are fair. These materials mentioned above can be used as components in preparation of propellants and
explosives,whereas,the compatibility of TDI with BHN is bad.
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