e a4 & B
CHINESE JOURNAL OF ENERGETIC MATERIALS

2008 4= 8 H

7 B Vol. 16, No. 4

August, 2008

N E 4 S :1006-9941 (2008 )04-0450-08

ZREMRISELGWHIHRHE
HEE, iR, kAK, % A, keE

(A TEIAFHREAFERRERE X EHE, g 100081)

WE: 2N — IS A 8 A AR5 9 RS F RS W B 0 IE A R PR A A
FRESER R . 25 T 53 R SCHO = E SE LR K FE B A W 0 S5 M R AR A O TR LA T BT LR A R O

REAA B N I BB A I B AT T SRR IR
EEE: BHLL
hESES: TI5SS; 0623.73

1 3]

B A S WIEHE A IAE 20% DLk
/R IC ALY/ - R AL/ N CERiAg7/N LT
e ER A HENS FrhE AR
A SRR KPR JE AT, S S0 5%k ) O R il i — 2
B (ELIN, 55 51 3 X 28 ) Tt 70 1A bR T O i K e %
Ko UL, & RAL G W al T 025 2y 3 ok 77) A
PRZGE S REM R L B W AL A R R
R PR ™ R0 B 8 HIAE QDL 25 T B3 32 oy R A0 4%
Tl RO A A R AR R T R SO W R G LBk
15 2 B R ST UL 22 A A ORI R
iz FHARAS AL A5 5 O HEBE R X L 2 U A 207 1
(R AR T B . HET RS IZ Rk R
AR RACEN A A ALy B BA ARSI AR A
PR EEON TR R F R A XA
FUTFAE PRI i 5 R K BRI I, SR B R A
BhEREPERR R, T UR SEXEAR BESE Bk . DY B, [ P A
H A R B R L E AW .

AICEEA TR RIS R A =R SRS
REAL WA A R T T 45 07 1 BRI PR AR AP RE SO
TE S REMP BRI, e S R RIS A RS %

2 =ZgEK

A P R, S5 8 WL Scheme 1,45 £1H
118 ~120 C™* % EE R 1.52 g - em BT K, RE
FH AR, 40 N, N-—F 5L 5 R, BOmE, 2R

il

s B H#: 2008-01-14; f&[E HHE: 2008-03-10

EE B AUEZE (1981 - ) 55 i, 2SS RERT R T 52 o
e-mail: asd997037@ 163. com

BIREEE A 5Kk [6] 5k, e-mail ; ztlbit@ bit. edu. cn

SREM ORI EIRT S AR SR AR S5
SEE; ZEENE ZEAEIMR AT SRes R

XERFRIRAG: A

U R ARGE, SR AL, B s
Brerto, e Jm s iRa  mA SAa S AR
5, O E R RS R TR G . R, =
o e A 7KV 00 S S e, BB 5 TR B I A i

H,N H,N
AN
N N
[ [
C C
VRN VRN
NH N—NH, NH N—NH, - HNO,
| H | H
NH, NH,
Scheme 1 Scheme 2

SR RS /L 80.7% , 2—MAEB A
K UEAM M E Y . SE NIRRT R T 5
J Ak, 8 MBS 1, SER UE W], BH S T P T R A
OB BOR w L TS E R S e
AE o R A A R R S e A S £ AT 3 R 1 1 AR
SV Wt FLAH A IR T AR D AR e A R 4 ) L ]
MR BRI TR T A REAL R4S

FUAT, = 2 ARG 32 2256 U5 508 I = 2R ICER R
AR £ (45 H UL Scheme 2) 3 1 5 Bl S A2 St
Mg '™ B T K IR T A SR B (A Ak ) B
151 TR N 38 #3155 B 2k 8 90% LA I, HL40%
o AR SCH IR A 2 A 28 AT AL B % T ik B T
WAL= o HE A IR R A3 76% DL L, 7™ &b
AURE R TTIA TR Al A /MR B

3 =Z=HEM&

S HRNER N E T RA S Y, = E W& T IE s —
AR BT RE RS W R Y A
TEAE B o T A5 P RS WM S R AL
B o 3R B, KGR M I R R, ) 2

o m



%4 1

RO 4 . = FA IR I 5 BE AL & W i BF I i e 451

BRI AR R AU . ek [4,8,10 - 1114k
EARFE , =AML 5 Utk 2504 =Fh .

— i L I 5 M B R R R A
SEENGER A BGRAR . %A T TE W BN R BEAR
TE R RE HEAT B, KN B[R] 2, H bR 7 045 % ik
80% LA b, b A& i (HIE, kA H A S
ARG, ZEIENE S P ATE , A G R AE, T R
TR PR TR h 502 6 R R DR AT, 5 22 1INy - 1 i
SN I T RO AP B R, A AR EE
FLAS SR N AT ROV o HAA BUS N 3B L Scheme 3,

N,H, N,H,

H,N,—C—N,H, + HX — H3N2—£—N2H3 - HX

X = NO, , N,7, Cl", C(NO,);, etc
Scheme 3

TR IO R O e D R G, — R R 3 )
3,2, 1 mol KA MR MR o %k Rz, Al
P g 50kt 2 BR D 7 F A8 70% LA b HEK
IV I BE R, e FE VA R Wk SR R R RIS, SR HR
HE R U, G B e R A e B S YRR,
& R v 1 2 L Scheme 4

NH N, H,
H,N—C—NH, - HX + 3N,H, - H,0 — H,N,—C—N,H, - HX

NH N, H,
H}Nz—g—NH2 - HX +2N,H, - H,0 — H,N,—C—N,H, - HX

NH N, H,
H,N,—C—N,H, - HX + N,H, - H,0 — H,N,—C—N,H, - HX

X = NO,”, N,7, Cl", C(NO,);, etc
Scheme 4

SRR RS Y — Rk R R
RN A H bR S AR %O A
DL P = Y R 5k B 5 SR MR 3k, T T4k — R A 1Y
B A T H AR R B, 7 R AR A T0% L b
=GRS 7 35 A (TAGNF) ' )2 )3 WL Scheme 5,

N,H,
H,N,—C—N,H, - HCl + C(NO,) ;Ag—
N,H,
H,N,—C—N,H, - HC(NO,), + AgCl
Scheme 5

=l B L AR AR, S AR T AR OB
R AR IR | S50 2% 1 2 S B A B0 BEAT 28 4%

3.1 =xEMBERE

=S ALY R £8 (tiaminoguanidine nitrate, TAGN) iy
FEFTRE IR (G5 300 Scheme 2) , 53 i T oK, B 5
214 ~216 °C 2N 1.50 g + om i Fp EE 1Y 15 REAS
REL )z AT R R A R e
TAGN ZER/R/ A, IE 5] 216 C (5 C - min ') Y
SUEFA TR R IR A W B A R G E
P A U AN, 7 A AT Al A i A2 o

TAGN & 7 ¥ £ 2 A BURUIE 25 U S 2% JUK
2 R .

(1) """, 5% W Scheme 6,

NH
H,N—C—NHCN + HNO, + H,NNH, — > TAGN + H,0 + NH,

Scheme 6

(2) S e , W UL Scheme 7
H,0
115 C
Scheme 7

CaCN, + 3H,NNH, - HNO,

TAGN + Ca(NO,), + 2NH,

3) G ML Scheme 8,
H ’
NH,CN + HNO, + 3H,NNH, —— TAGN + 2NH,
Scheme 8

(4) ﬁﬁ@ﬁﬂﬂ(%‘““ , LW W, Scheme 9,
NH - HNO,

H,NCNH, +3H,NNH, —— TAGN + 3NH,

Scheme 9

DL b7k AR = AR L, 35 B 80% LA b, {H X
S 4 R R g N I K P A, A5 D A 7
R 2% T BT A o FHAE 3R A i P G
LA A, 7 10— A HUARORS 0, T A Ik 6 48 A R 1 o T
PR AR S B, R R T Tl AR R R RS bk S
AP 2006 4F A R AR HEAT T Rk, B M P AR
JiE Tl 9 7K B BRI % 9 S R A ) T = A S
BRER , — U b N T g, B0 R 35 94.8%

=SS R £k Bl 32 B TR R AR, R
GRS T 58. 7% , X 4 T b A 8 4 Ak K A
NO, %Ak A3 9 BE AT A o AR & 2 390 o ml A D Ak
R T & e AR P W B 7 S =R R KA AR R
(34.9% )RR %% (59.2% ) FBRER ] (5.9% ) BIR A
Py, HHR B BE Oy 2429 K, R BE i 38.9 mm - s
(9 MPa) , A= B4 0 B AR R s K

T 5 R SR (AP A AR Sz 2 3 4 7 S ol



452 & fig

I %16 %

ARG R B W = R IR R R 5 A M #2751
Pie 5 F, B 2R B MU AR T HMX JR A4 e A
] P = e PO T e 8 2 o T 1 4 25, 20 12 80 4
PR 0 R S i F ) TP = R IR R £ o AL ) 1 75
P 5 B R4 K H I BE (GAP) SR &7 2
TAGN HL AR 2545 s, 40 o] 8] 57 98k I A1 A
JETT L RE L Fron g R LA, B h b

TAGN 5] (9 35 o , A58 M T J3E Fp A1

= e A TR 2 4 20 5 R A AT o, S — b
R RE 25 $ o B A TR (PETN) H R 4
(RDX) Z [6] ), (R, 20 77 5o 8 o B 3 1 % 4
T i e X A [ 8L, Joseph 450 IS 42 4k fiE 1 i
PO, AR NO, A L T = AU S I R £k | = UL I
Rk S SN IR SR =B R

%1 RDX 5 TAGN RELLFIH NGB E

Table 1 Flame temperatures of RDX-TAGN
- ingredients/ % flame temperature
composition - - -

nitrocellulose GAP carbamite resorcinol RDX TAGN /K
1 28 6 1 0 65 0 3530
2 28 6 0.7 0.3 45 20 3215
3 28 6 0.7 0.3 40 25 3140
4 28 6 0.7 0.3 35 30 3065
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Table 2 Properties based on TAZ with different proportions

propellant composition combustion

specific
No. i i temperature impulse
Tz A onate K 2
1 10 36 54 4250 291.8
2 15 30 55 4238 296.1
3 20 36 44 3901 301.5
4 30 30 40 3722 300.2
5 40 24 36 3505 296.4
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Table 3 Sensitivity evaluated at 50% probability’’ of TAGDN and RDX

substance TAGDN RDX
impact energy®’ /] 4 7
friction load/N 12 195

Note: 1) sensitivity according to the UN guideline ST/SG/AC. 10/11
and the statistical computer code ML-14. 2) The impact sensitivity

was measured using a 2 kg drop weight.
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Effect of Mg and Al Powders on Combustion Performance of Boron-based

Fuel-rich Propellant and Oxidation Efficiency of Boron

WU Wan-e'?, MAO Gen-wang', LU Jun®*, Guo Er-ling*, HU Jian®
(1. College of Astronautics, Northwestern Poly-technical University, Shaanxi 710075, China;
2. Xi'an Research Inst. of Hi-Tech Hong Qing Town, Shaanxi 710025, China)

Abstract: In order to confirm the effect of Mg and Al powders on combustion performance and boron oxidation efficiency of boron-
based fuel-rich propellant in gas generator, the burning rate of three types of propellants in different batches were studied at various
pressures and the contents of boron trioxide (B,0,) and total boron (B) in propellant combustion residues were determined by
chemical method. The experimental results show that Mg content in propellant affects the combustion performances of propellant
obviously. When the content of boron and total contents of Mg and Al in propellant are 30% and 6% , respectively, it was designed
that the different ratios of Mg and Al in the propellant were as follows: the content of Mg is 0% , 3% , 6% , whereas, the content of
Al corresponds to 6% , 3% , 0% , respectively. Burning rate and pressure exponent of the propellant increase with increasing of Mg
powder content. The contents of B, 0, in combustion residues are related to Mg content in propellant. When Mg content in propellant
increase, the content of B,0, in combustion residues decrease; the efficiency of oxidized boron decrease with increasing of Mg con-
tent in the propellant and increasing of the combustion chamber pressure. Mg powder in the propellant can restrain the oxidation re-
action of boron in the condensational state of the propellant and can increase the burning rate and pressure exponent for the boron-
based fuel-rich propellant.

Key words: analytical chemistry; boron-based fuel-rich solid propellant; burning rate; boron powder; oxidation efficiency
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Progress in Triaminoguanidine Energetic Compounds

AO Guo-jun, LIU Zhen-hua, ZHANG Tong-lai, YANG Li, ZHANG Jian-guo

( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract ; Triaminoguanidine is a kind of non-azide nitrogen-rich flammable compound, which has some advantages of high nitrogen,
good thermal stability,,and high positive formation enthalpy,etc. In order to provide references of developing the triaminoguanidine
energetic compounds, the current situation about molecular structure feature, preparation, physicochemical properties, explosion
characteristics and application of triaminoguanidine energetic compounds in energetic materials was reviewed with 53 references.

Key words: organic chemistry; triaminoguandine; triaminoguanidne salt; triaminoguanidne coordination; energetic materials



