650 BSR4 T B X e PR TR L A

XEHS:1006-9941(2020)07-0650-07

RREEEFN(I-BRE-2,2-W(ERFE)RE)AZRENAR S ERE

ek AERER HEE K #LEEE By
. ELARCEFERHN, BT BEL 710065; 2. HH B UF T L ERARAE, ## B4 730900)

OE: DI3R-2, 2-8 O W) - B R G Y, G B RN R A BN, BTG BT T e 0 R (3-8 A -2, 23 (
HP L) IS TN R TR (BAAMPM) |, JF Il HIAZ W 2 4R FNET AP x Hotb AT 17 R AF . B 5E T 8 S04k B AR 16 = B 19 T2 20 418, it
TE B RAL T BB AE SO 258 - n(TBrOH) = n(NaN,)=1:3.3, i i i BE S 90~95 °C, 52 i B 18] Sy 12 h; g4k 5207 A% 45844 B 1 4% 14
7 :n(TAOH) : n(MalAc) : n(TsOH)=2:1:0.13, F &[] 35t iz B B[R] 15 h, BAAMPM (1% 150 22 0 46 35 43531 AT 35 3] 89.5% 1 98.5% . 25
7 FH H #AGE (DSC) R 36 B BAAMPM 11 B 55 Ak 6 78 1R B O —58.3 °C 343 ff B2 4 231.0 °C, iR % GIB772A~1997 J7 75 Il 14
BAAMPM 14§ o S8 5 A H,,=40.9 cm  FEIE T N 28% , KW BAAMPM HAT B 47 i fI% IR 1 fi A A R s 1k A R B AR i MUAURSJEE . it
S, Bl B 0 B T A AR I R R AE 25 A R, BAAMPM T i 3 B AR 2R A8 04 K CH Tl ik (GAP) 1 86 B R0 B¢ 38 A0 e AR TR OF LB
BAAMPM ¥ il EL A8 ¥ 385 0, G AP 5 B2 1) S R30S B in B 68, G AP 1) 38 105 Tk 2 A U B2 A IR T 32 384 K, 1l BAAMPM/GAP(4/10)30 “CT Y
FHIE L GAPRRIR T 52.65% , LB BEAL A8 IR —53.2 °C, L GAPFRAIR T 4.1 °Co [Ht,BAAMPM Xt GAP Jié Bl H 4 i (i 388 B AR
KHER: TRERE R (3 A k-2, 2- X (S AU L) N ) TN R TR ; 8 UMk RN 5 3% B8 Ab e A0 Ui B 5 3

FESES: T)55;062 X EARERD : A DOI:10.11943/CJEM2019308

RSN 25.75%, e B EE A & B R, W
(2,3-"BANEAR) 2 " KA =TH=
2-BRLMRLER) " M=(1,3-"FBRN-2-%)-2,2",
WA = LR TR AF B A K Y8 ) [ KR AE A RE LR
PE RS KT BB 5 Ak B 7 T RS R D R 1 ]
AR R 2 6 B R R G R R K R R R g 4
R, 2-F - 13- B A KRR L 1,3- 08
AE2-SHCMHNEE . &AL LR . 3-5
A-2,2-(BAHFR)NE-2-SA LR FS AT

1 8§

T BB R 2 K KR 2 IC O 9 R B A gy, L R AR
FH 2 B K 25T D7 19 Jn T RE AR ) A M e . BE
A KM 24T 1] i BEPE N B8 0 55 0 RV R A A R, B Y
BRI R B AT A B e B R R R R IR B
AL BE AR A A i, A 52 B N AMUT SN B 0 )z e 2
eI IB R 1Y B R 5 1) AR A B R

HAT S A MMH 1, 5- 78 &-3-f 3-3- A 24 ke
(DIANP)™ Hi 9k HAT B 5 2 3 v (IR TR B S5 R
1R 3% 388 Ak 2 A0 T EE AN =38 °C i Hafner 4510423
B 2,2- (B A B W BE-1,3- T R fE (ButBAMP)
BRI AR IR N —95 °C HHA U H1.09 g-cm ™,

Wi AEI: 2019-12-03; & E H#: 2020-02-07

I 4& H KR B # : 2020-03-18

ESWAB: MEAKRFIE (21875185 A121173163)

EZ A B AR (1989-), 5, BhBRMF S 61, 35 % IR & Ak A4 R AT
%% . e-mail:zhaobaodong2006@163.com

BIEBRREAN: EE&(1983-), 9 @IWUFIE 61, 322 )\ & RE A R IF

%% . e-mail : wangyl204@163.com

SIAARN B FEAR, & FE R, X, 5%

BRSBTS A AR R AR AU R AR E R
O PR A A R SR A

hit— B HERERAMPR G RS AR
DERCJC 2, 45 6 XY i AE 1 28 70 1) o A A IR IR
B RIS B (LR AR IR 1 R R kT AR A
PL3-PR-2, 2- X0 (IR ) - 1-IN B N IR, & & AL IR
R Ak B 3 T A T A AR S R 3 (3 A
B2, 2- 0 (F AW H) W) N Z R B (BAAMPM) |, Jf
X HeA BRI SRR AT T AR AR X LSS M HEAT T R AE
W 3E it DSC A TG BFSE T H ARG il AR MR R IR R PE |
JG %52 T BAAMPM 11 ] 2 X GAP 14 % 1) 2 B A1 3% 3

O AE 200 X (3 -2, 2- 00 (& AU 2 N 3 T R R 9 A i S MR ). & B K}, 2020, 28(7):650-656.

ZHAO Bao-dong, JIN Guo-liang, LIU Ya-jing,et al. Synthesis and Properties of Energetic Plasticizer Bis (3-azido-2,2-bis (azidomethyl) propyl) malonate(J].

Chinese Journal of Energetic Materials(Hanneng Cailiao),2020,28(7):650-656.

Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (650—656)

Sttt

www.energetic-materials.org.cn



o RE R B (35 A AE-2, 2-X0 (A U P AR ) T AR ) TN TR R B 5 n S T e 651

ARG 7 YL sz by FE R — 25 AR A T BRI S
2 LIGER S

2.1 RKFENEE

3-1R-2, 2- IR -1 - TR B TS R, A B4l o
5 40>99.0% , L AR P9 WAL 2% Tk A R A A 5 & A Ak
B, B Al R E0>98.5% , 1Y 4 PRI S 25 4k T A KR
]y O AR 6 R R L 4 BT 4, T 8K
>99.0% , AR B e 1k Tk

AV 500 % 5 b g A% @G A, B 1 Bruker 24 A 5
NEXUS 870 #Uf# HL0p A8 7 /G35 48, 92 8 Nicolet 2y
H] 3 Vario-EL-3 B IJCZ 0 B 4%, 72 ] EXEMENTAR 2\ H]
LC-2010A B & R0 AR 354, H A B HA 7] s DSC 204
T 25 71 31 4 Y, 8 [ NETZSCH 23 7] 3 TG/DSC-2
A W i P2 2 o VT IV e w2 S I E RS /N
DSC 200F3 A1 22 7 45 4 & X, 78[5 NETZSCH A #
CAP 2000+4EB50RS B2 31, & [Fl BROOKFIELD 23 ) .
2.2 XWHZE
2.2.1 ZFEMRK

5 I 3SR FH 0% B A0 BT A, Dt 2% A2 < D003
425 °C,FEdh i N 50 pl.
2.2.2 DSCilli

DSC 32 2% ] DSC 204 A 22 7% 314l B 4, i
SN AW E N 50 mL-minT', MK R S5 2 MPa,
FHR A 10 °C-min™ i X H] 2y 50~400 °C, i
i 0.8~1.0 mg, WAL LR 4R 3 3 .
2.2.3 TGk

TG M4 2R F TG/DSC-2 B #k i /2% 4 [6] 4 4 By

0

MalAc

A, AR 2% A s AT ) 70 mLemin', TR R
10 °C -min™', i FE X ] 2y 50~400 °C, i H &
10.0~15.0 mg, A MLk 420 Ak 40 M 4

2.2.4 BEMNRK

13 5 B AR GJB772A-1997 J5 i 601.2 I 5E ,
Hovh v% BE 2 kg, 25 & (30+1) mg; BE 48 AR I
GJB772A-1997 J77£602.11l5E , £ £ 4 2.45 MPa,
R 66°, 255 R (20+1) mg.

2.2.5 FHEWIK

2 2 32 4 Ff BROOKFIELD CAP 2000+ 4k # b
FEE IRl A AR 4 it CAP2L(25 °C,179.4 mPa-s)
CAP4L (25 °C , 699.9 mPa-s) fl CAP6L (25 °C ,
3530.0 mPa-s) & 1F , Wil I B2 43 1) € £ 30,40, 50,
60 “CH170 °C, B> i 8 52 I3 = BT 2411
2.2.6 HHUETERENR

I 5 A B 78 Ui B2 IR AT DSC 200F3 A 22 7R 5
A A, U 5 R S R AR RS, R R R
60 mL-min™' , £ KW HE S 100 mL-min™", F} & 3 XK
10 °C-min™", i BE X [H] 2 —130~25 °C, i FE it hy
(5.0+0.5) mg, il FE ML Ry 45 1
23 ARE%

Wit TR 3-1R-2, 2- 050 (R 5L ) -1-9 B (TBrOH )
Bk}, 28 B A AR B A5 K 3-8 A -2, 2- 0 (&
FH I )-1-T8 B (TAOH) |, 15 16 i 4k 7] X5 F 2K il iR
(TsOH)EAH T 5 R (MalAc) 17 R 1k [ R, Fe &
A5 57 B 2 S A & AR Y MR X (3-F W -2, 23U (&
ZU 3R ) N3 TN IR IR (BAAMPM) il & 8 %6, LK
A gk W Scheme 1,

0

Br N3
TBrOH TAOH

Scheme 1

2.4 XIgFE

241 3-BRE-2,2-WEGFE)-1-FEMNEK
25 CF B 3-1R-2, 2- (R 56 -1-9E(13.0 g,

40 mmol) 1 70 mL — F LW B in A% A 8 BT A

B OMLBBEFE 9 250 mL BRI B, B2 I TR &=

40 °C. KRG  FEVLM B FE T K & A fL 44 (8.58 g,

132 mmol)F 20 min WA KNI, 1532 20 T+l &
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Synthetic route of bis(3-azido-2,2-bis(azidomethyl)propyl) malonate (BAAMPM)

90~95 °C, fEMLIE T/ 12 h )5, KA. 5
N Y R 2R S RS O R U e (30 mLx4) ZE L,
ORI 78 1 K (50 mLx3) Pk % 5 T 7K B R a4
R W A5 A5 2] 7.8 g bR AR IR, IR 92.4%,
"H NMR (500 MHz, CDCl,, 25 °C)8:3.55 (s, 2H,
CH,—OH),3.38 (s,6H,CH,), 1.60 (s, TH, OH) ;
C NMR(125 MHz,CDCl,,25 °C) 8: 62.21(CH,—OH),
&g A
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51.61(C,) ,44.73(CH,) ; R(KBr,y/cm™) : 3446(OH),
2937, 2873(—CH,), 2103(—N,), 1451, 1294, 1046,
891, 553(C—N); Anal. calcd for C.H,N,O: C 28.44,
H 4.30, N 59.69; Found C 28.39, H4.21, N 59.03.
242 W(3-BRE2,2-WVEBEZFE)FE)R_-_®
BE B9 & R

25 CF B 100 mL H R A B A7 3 B 1 8 Bt
B P FERY 250 mLBEHE AR S TEAL I FE T,
T 25~30 CHd E F ¥ 3-F A -2, 2-0 (&AW
H)-1-9 £ (21.10 g, 0.10 mol) . 1§ —- iz (5.20 g,
0.05 mol) Flxf H A fiff 2 (1.12 g,0.0065 mol) 4K kil
AR, 3 A I IR 2 2R B, 78 IR B R R
N5 h G G I . R BN R R 2R RS R R
72 MR K Uk B 2 b e SRR HY R OR U vk 4 A
21.9 g IR B AWK, 1% 89.5%, HPLC 4l [ 4 98.5%.
ZAE AT (BRI SR O - Ak =1:15) #F— 2042
afi il i e HPLC 4f 15 %] 99.3%. "H NMR(500 MHz,
CDCl,,25 °C) 86:4.09(s,4 H,CH,),3.65(s,2H,CH,),
3.39 (s, 12H, CH,) ; *C NMR (125 MHz, CDCl,,
25°C) 8:165.48(C=0),64.00(CH,),51.23(CH,),
43.55(C,), 40.99 (CH,) ; IR(KBr,»/cm™): 2938,
2873(—CH,), 2105(—N,), 1742(C=0), 1452,
1297, 1030, 895, 553 (C— N) ; Anal. calcd for
C,,H, N,,0,: C 31.84, H 3.70, N 51.41; Found
C31.67, H3.85, N52.23,

3 GRS

31 AREGRK
311 BREURNIZEH
3.1.1.1 ¥R R

e I BRI R R s I R B g i BE R 90~
95 °C, RN BF [ 2 12 h, 7E b S5 40 T % %8 398 -2, 2-31
(R ) -1-BE (TBrOH) A1 & A 4k 85 (NaN,) it 9 &t
Ll X 2 Ak B i 52, S5 SR L3R 1

i % 1 AT, B TBrOH 5 NaN, 19 91 %) L i) 34
m, &R Y 3-B A2, 2- (B AF H)-1-HEE
(TAOH) By Fn2li B bt 2 42 55, n(TBrOH) : n(NaN,)
9 1:3. 300, CRIKE] 92.4% , 4l ik 5] 98.3% , {H 4k
g 1= = s SNy W o 7 I S R T e R A o N
o I, n(TBrOH) : n(NaN,) 19 8 19 K 1t R
1:3.30,
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1 YR & A A RN 5
Table 1

tion reaction

Effect of the ratio of raw materials on the azidona-

n(TBrOH):n(NaN;) yield/% purity/%
1:3.00 74.8 87.6
1:3.15 83.2 94.2
1:3.30 92.4 98.3
1:3.45 92.6 98.2
1:3.60 91.7 97.6

3.1.1.2 R AR E

P W IR A S ), n(TBrOH) : n(NaN,)
1 1:3.30, M AT A 12 h, 288 T 2 0I5 B X B A
b 5N ) 5 MR, 25 SR L3 2

HH 2% 2 W] 1, 78 80~95 Cili J3 X [a] , il % S5 o7 i3 )
0T, B B AL S Y TAOH (1 Wi 5 A 4l B8 1 6 = T
T s YRV T 95 °C, O IR E A T B Ak
52 I WA 5 W /N L BE ) B R L X T RE R TR
o7 Y0 R 3 v, B i g B ) B, 5 R 7R B e I I R A
FIRE R AE SRS Ay ik, el s B H PR RS0 R R R,
AR S 55 v e RSO IR SN IRLEE R 90~95 °Co

R2 SN X A SR Y S

Table 2  Effect of reaction temperature on the azidonation re-
action

reaction temperature / °C yield / % purity / %

80—-85 84.1 91.6

85-90 88.7 97.6

90-95 92.4 98.3

95-100 92.6 94.5

100-105 92.7 92.8

3.1.2 EBEURMNITZ&HE

T B 2R A A R L5, L 108~110 °CHE Ry S g
VR E 25 T 5 SR T AR R 6 YRR R R 1 R R R
I 180 % il £ 52 IO 1) 5% 1) o
3.1.21 EAFIAENEN

PL3-F A HE-2,2- 0 (& A ) -1-INEE (TAOH)
N i (MalAc) kL n(TAOH) : n(MalAc)=2:1
R, R R B 108~110 °C, X Ri B ] A7 15 h, %58
TAHEAR R R B LR R (TsOH) il - o 185 £k Sz 17 14
oS5 R 3,

% 3 A5, B n(TsOH) : n(MalAc) (9% %} L
H 0.09: 1341 % 0.13: 1, B4k 7= ¥ BAAMPM (1) Il
FAlFE A4 i s (H R, 3 — 20 48 R0 H R R 1 &
&g
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BAAMPM ISR FN 4l & 3945 BT R K%, 31X ] g /& T Bl IF, TG B2 i B B E 4 0170, B BAAMPM Hi 1t
5P H 2R R i B R RR M AR B, £ B AT TR UG R AR T DTG 42 I (H IR B R 232.8 °C,
TAOH @it & AN 2 52 , I 51 & &l & Wi . I, IR I B A B 0 R B o BB TR Ak S T & 240 °C

n(TsOH) : n(MalAc) B AEY RN 0.13:1, LA, BT R R A, R 100%.
20 -
F3 A R S A B } exo »1oc
Table 3 The effect of the amount of catalyst on the esterifica- “E, 154
tion reaction =
£ 101
n(TsOH): n(MalAc) yield / % purity / % =
o
0.09:1 78.4 94.7 T 5
0.11:1 82.3 96.5 £
0.13:1 89.5 98.5 0 2257 °C
0.15:1 87.5 97.3 50 100 150 200 250 300 350 400
temperature / °C
0.17:1 83.8 95.4
B 1 BAAMPM Y DSC £k
3.1.2.2 = R7 B8] A9 %0 Fig.1 DSC curve of BAAMPM
LA n(TAOH) : n(MalAc) : n(TsOH)=2:1:0.13 50
N N . | 2298°C ____ -
Hh LR R TE 108110 °C . % % T 52 I [ %1 109 — 0 g
(50 E
BAAMPM S 3 I 215 J 1) 0, 25 50 .46 4. 80, W 100 =
Hi 2 4 AT 0, Bt 25 S B el 9 h #E K %2 15 h, H 2 60 o [ 150 &
- \ by N 2 ° [.200 @
A B 0 1 e 238 R 0 B i 2 B v, B B ] A 15 h s < 404 050 E
1) BAAMPM ) 1ig 28 i1 400 Ji 15 51 5, 43 510 89.5% £ 2. 300 £
F198.5%; 1 4 45 S B F6f 6 4E K 35 18 h A 24 hif 0] mgcl e
BAAMPM [ 5 N 4l JE A8 fb /N o B IE , iR Ak e B 1Y) 50 100 150 200 250 300 350 400
Btk R R 15 h., temperature / °C

B2 BAAMPM Y TG-DTG £k

Fig.2 TG-DTG curves of BAAMPM
R4 SOV R] XX g A S ) 5

Table 4 The effect of reaction time on the esterification reaction 3.2.2 BAAMPM WU HETIRE

reaction time / h yield / % purity / % BAAMPM i 3% 15 £ 5% A8 i i DSC i Ze i |51 3
9 71.3 93.7 o 3 AL, R )L T RS BAAMPM ) 3% 5
12 85.5 95.3 b2 A8 R R -58.3 °C, 2 fIK T SCmk [ 14 ] p 3B 1Y
12 zzz ZZi GAP ) BEEE AL 5% A2 L BE (=38 °C) , ] ILKs BAAMPM

A GAP JE K FE 25 i J7 iR A B2 I 35 AR 24 Bid 1) B B8
ARt ARy BE R3S GAP S JCKE 245 IR T = PERE .
3.2 BAAMPM gk 24

24 90.7 98.6

3.2.1 BAAMPM #4) iR 45 i o og0] 1
4, @1t DSC kA% T BAAMPM #9 DSC il £¢ , 1 g 16
1R . BT T BAAMPM T 175 CZE 45 T i S 12l 583°C
ST S LI IR I 2257 C el 2
il 28 1 TR 2 1 W 2 5 T L AR O3 i W 3 231.0 °C, B = 4l
1 300 ik 3o A2 0T BB by B R 1 0 A L 5 SR O 3R 00

V£ 5 B AR S THE 260 SCEATIE UM R SE I L 2 L T TR
5 HE 400 THRUREFRIBASTH - B3 BAAMPM (933 L5575 ¥ DSC 2k
Hoyk, i3 TG 3k 44 T BAAMPM 19 TG-DTG i Fig.3 DSC curve of the glass transition temperature of

2B 28R . M2 AL SR 2 229.8 °C BAAMPM
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3.2.3 BAAMPMBYEZEA M 8E

BEAR IR T BAAMPM [ %5 i o J5% 3 R 8 ek
&, 9 i Gaussian B {4 Fl % B 72 oA IS B3LYP/
6-31G(d, p) HEIHA T AR, EXSP LA T
BAAMPM 5 ML 1 2 20 34 %1 ) 1, 5-2. & A H-3-1H
o -3-HAE (DIANP) I LA PERE T T T HUEK

i 2 5 7] A1, BAAMPM I A & & % 8 f1 R
PE 5 DIANP JL-T- A0 , i H A il ARGE & T DIANP, H

S5 8 v %) 22 M TR R T R AT AN B B B AL R AR IR
kb DIANP 19 3% 35 £k 7% 20 3 B2 A% 20.3 °C, fi n] LA
B TR A R R ARR R, 5 —
BAAMPM I fi i Ja J3 B2 452 % 2 4 (IR T DIANP, 25
-, BAAMPM J& — P i Az R BRSO T R B Bl
ST ) T R S AR T A IR g 2 P R Y i
B TR 2 YA, 7 B8 TS M N U B S HE
T R A 0 N R .

x5 BAMMPM 5SS EMMF1,5- " F R IE-3-M FE-3- R A bi i A MEfie L 3%

Table 5 Comprehensive properties comparison of BAMMPM and azido plasticizer 1,5-diazido-3-nitrazapentane

mass nitrogen content p Ty T, AH; Hy, friction sensitivity
compound  formula

/ g-mol™ [ % /g-cm™ /C /°C / kJ-mol™! /cm /%
BAAMPM C3;H N O,  490.409 51.41 1.35 231.0 -58.3 1305.89 40.9 28
DIANP C,HgN;O, 200.162 55.98 1.33 241.9 -38.0 594.72 20.28 26

3.3 BAAMPM By 57 A E At 14 B
3.3.1 BAAMPM XF GAP % & B 8% 1l

¥ BAAMPM 5 GAP ¥ I8 i & e 43 5l fid & T
BAAMPM/GAP (1/10) . BAAMPM/GAP (2/10) .
BAAMPM/GAP (3/10) il BAAMPM/GAP (4/10) % 4
FIAS [RIR A B9 B4 i, 78 20 B 40 5 15 B 1 — 3B 52 1Y
TRLLAFEAIRAKR , SR J5 WSS BT L RE S 08 RS B s (] 22 £k
W2 K BT ECRE S T 15 B N — B R — B 52 IR
SRS ZIE

SRIG K DU Rl AS AR A B B BAAMPM/GAP #
A5 B A GAP 7E CAP 2000+ 750 4 Mz 5 B 41 1 ik
T30 CCF MR B BLRLE MG A7 25 1 T BAAMPM Xf
GAP K B 52 M Z0CR 25 R W E 4, B 471,30 °C
T, GAP Y %5 % &}y 4260 mPa-s, ifii BAAMPM/GAP
(1/10) .BAAMPM/GAP(2/10) .BAAMPM/GAP(3/10)
1 BAAMPM/GAP (4/10) i %5 B 43 7 24 3350, 2730,
2325 mPa-sH12017 mPa-s, ¥ GAP {15 B 43 5 A% T
21.36%.35.92%.45.42% 1 52.65%, 1] I, BAAMPM
AR T GAP W ZE B, i HL B 5 BAAMPM ¥ il i
B3N, o8 00 2 R A 3

i, CAP 2000+ 50 4 4 %6 B2 31 L A9 72 17 7t
Ui B4y Bt T 40,50, 60 °CHI 70 °C 414 F H9 %
B BEAAS [6) B FH 2R 858 25 74F T BAAMPM X GAP [ 52
M 5 o SR N AN TR BE A5 R 0 2 A — Il 4
TS5, 5 AT, BEE T e BT A Al RS
B3 N R A B (0 B AIC L 1T 5 GAP A e, S R R Jn E )
i) BAAMPM ¥ fifi GAP () K &£ A T T B¢ . Ho
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BAAMPM/GAP (4/10)7E 30.40.50.60 °CHl1 70 °CF
i GAP 1 i & 43 5l B K T 52.65%. 50.71% .
49.14% .48.18% F146.89% , 25 I HY B - 19 P ARG 200 .

5000
I BAAMPM/GAP!

40004
30004
20004

0 i

GAP 110 2110 310 410
B4 A[EIRA L6 BAAMPM+GAP & GAP 7E 30 CHY (1) 4
BEREAR A
Fig.4 The histograph of viscosities of GAP and the mixtures
of BAAMPM+GAP with different mixing ratios in 30 °C

I GAP

I BAAMPM/GAP
I BAAMPM/GAP
I BAAMPM/GAP

110
210
3/10)
410

viscosity / mPa-s”

5000 S—
Ky —&— BAAMPM/GAP(1/10)
g 4000 —— BAAMPM/GAP(2/10)
% —e— BAAMPM/GAP(3/10)
= 3000 —&— BAAMPM/GAP(4/10)
%
8 20001
>
1000
0+— , :

30 40 50 60 70
temperature / °C

B 5 AETRA LG BAAMPM/GAP FE i 15 -1 i 28
Fig.5 Viscosity-temperature curves of BAAMPM/GAP mix-

tures with different mixing ratios

3.3.2 BAAMPM X GAP IH IS4 B 258 R
i 3 DSCIAR, , 3545 GAP Az PUFh R [ 1R & LE 141 )
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BAAMPM/GAPFE & 1Y BB 28R E DSC TR, tnEl 6
fiE R . 3k 13 BAAMPM/GAP (1/10) . BAAMPM/GAP
(2/10) . BAAMPM/GAP(3/10)F1BAAMPM/GAP(4/10)
1Y B B AL B A8 R 4y B -51.7,-52.1, -52.5 °C
M=53.2 °C, 3 5l 1t GAP [y B 3 AL 5% 8 1R i (—49.1 °C)
MK T 2.6,3.0,3.4 °CHI4.1 °C, [H Itk , BAAMPM %
GAP HA — € B AR T 4T GAP R R AR )
“EVERER B — R THER

S -49.1°C
- '_I
2 ] =T GAP
2 I
= ] 1 BAAMPM/GAP(1/10)
é ] e BAAMPM/GAP(2/10)
] BAAMPM/GAP(4/10)

8 70 60 50 40 30  -20
temperature / °C

Bl 6 AEEA I BAAMPM/GAP [ 3 B4k 1 28 3R F DSC
i £k
Fig.6 DSC curves of BAAMPM/GAP mixtures with different

mixing ratios

4 %k

(1R 3-1-2, 2- (B HTHE ) -1- N B SR, 288 A
AN R R A B T T 22 2 R e B B AL (3 -5
RAEE-2,2- 0 (BRI N E) N R i (BAAMPM) ,
IF3l S B LU AN TR S B LR AT S5 R A
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Synthesis and Properties of Energetic Plasticizer Bis (3-azido-2,2-bis (azidomethyl) propyl) malonate

ZHAO Bao-dong', JIN Guo-liang’, LIU Ya-jing', GAO Fu-lei', CHEN Bin', WANG Ying-lei', GE Zhong-xue'
(1. Xi'an Modern Chemistry Research Institute,;Xi'an 710065, China; 2. Research Institute of Gansu Yinguang Chemical Industry Group, Baiyin 730900, China)

Abstract: By using 3-bromo-2, 2-bis(bromomethyl) propan-1-ol (TAOH) as starting material, a novel multi-azido energetic plas-
ticizer bis (3-azido-2, 2-bis (azidomethyl) propyl) malonate (BAAMPM) was synthesized via consecutive azidonation reaction
and esterification reaction. All structures were characterized by NMR and IR spectrum. The influencing factors of azidonation re-
action and esterification reaction were studied, and the optimal reaction conditions were determined as follows: for azidonation
reaction, n(TBrOH):n(NaN,)=1:3.3, the reaction temperature is 90-95°C, and the reaction time is 12 h; for esterification re-
action, n(TAOH) : n(MalAc) : n(TsOH)=2:1:0.13, refluxing in toluene for 15 h, and the yield and purity of BAAMPM are
89.5% and 98.5%, respectively. For BAAMPM, the glass transition temperature (T,) and thermal decomposition peak tempera-
ture were determined by differential scanning calorimetry (DSC) as =58.3 °C and 231.0 °C, respectively. According to the
GJB772A-1997 method, the impact sensitivity of BAAMPM was measured as H;,=40.9 cm, the friction sensitivity was 28%,
which indicate that BAAMPM has good low temperature performance, good thermal stability as well as relatively low mechani-
cal sensitivities.In addition, as the viscosity and glass transition temperature tests shown, BAAMPM could notably reduce the vis-
cosity and glass transition temperature of glycidyl azide polymer (GAP). With the increase of the proportion of BAAMPM, the
more obvious improvement for the viscosity of GAP, and the larger extent of lowering glass transition temperature of GAP are
achieved. For example, the viscosity of BAAMPM/GAP (4/10) at 30 °C is reduced by 52.65% compared with that of GAP, while
its T, is =53.2 °C, 4.1 °C lower than that of GAP. Therefore, BAAMPM demonstrates good plasticizing effect on GAP.

Key words: energetic plasticizer;bis(3-azido-2, 2-bis(azidomethyl) propyl) malonate;azidonation reaction;glass transition tem-
perature; viscosity
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