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Abstract — A new energetic thermoplastic elastomer based on the azidated polybutadiene(Az-PBD)/ethylene vinyl
acetate copolymer (EVA) blends was prepared, and structure and properties of the blends were invetigated by SEM,
DSC, DMA, tensile testing and combustion test. The Az-PBD was synthesized via a two-step process involving the
addition reaction of commercially available 1,2-PBD with Br, and subsequent nucleophilic substitution reaction of the
brominated PBD with NaN;. EVA/Az-PBD with 90/10, 80/20, 70/30 (wt/wt) was prepared by a solution blending. SEM,
DSC, and DMA results revealed that the blends are partially compatible and Az-PBD is dispersed in continuous EVA
matrix. Tensile test showed that modulus and tension set increased while elongation-at-break of the blends decreased
with increasing Az-PBD content in the blends, but all the blends showed a elongation at break as high as 700% and a
tension set of less than 5%, indicating that the blends are typically elastomeric. Combustion test showed that, with
increasing Az-PBD content in the blend, higher energy can be released.

Key words: Energetic Thermoplastic Elastomer (ETPE), Azidated Polybutadiene (Az-PBD), Ethylene-vinyl Acetate (EVA),
Blend
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AZ¥ Az-PBDS] A Ho|d S a7 f1ste] DSC w41=

A2.PED AAJsI o, o]F 1,2-PBD2] DSC thermogram¥} $H7 Fig. 3]
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—_— —_—
n CHCI, n THF n
) ’ ; ! 0°C 12hr Reflux 48hr
4000 3000 2000 1000 / Br N3
1 Br N3
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Fig. 1. FT-IR spectra of 1,2-PBD, Br-PBD, and Az-PBD. Schme 1. Synthesis of Azidated PBD from 1,2-PBD.
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Fig. 3. DSC thermograms of neat 1,2-PBD and Az-PBD.
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F7b =Qlgel wet A muile] FgEA] ok FHFTHE W
FERSS & 5 ek FHEAE AN 1,2-PBD7F ARAS 2t
© AL JATFRAE 27 Wi, v 7)ol olxX =717} J7kE
ozx o]t A o] ZAA Ha, 0|2 s Agspt d
oJuR] Fahs 98 wEakE Wske Zlo® dnkEc)

DSC thermogramel|A] #24 f2] 8ol &%= 1,2-PBD7} -7.5 °C
of| A Y=t W], Az-PBDOA= -58.9 °CollA] UER = A&

EVA/Az-PBD (70/30)
(c)

Fig. 4. SEM micrographs of EVA/Az-PBD blends (a) 90/10 (b) 80/20 (c) 70/30.
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Table 1. Thermal properties of EVA/Az-PBD blends
Sample T, (°C) fromDSC T, (°C) from DMA T, (°C) AH,, (J/g) 1.(%)
Neat EVA -27.1 -22.9 47.6 5.01 1.80
EVA/Az-PBD (90/10) -32.7 -27.3 46.4 4.05 1.62
EVA/Az-PBD (80/20) -34.0 -29.8 46.1 3.36 1.51
EVA/Az-PBD (70/30) -37.6 -30.3 45.5 2.73 1.41
Neat Az-PBD -58.9 - - - -
¥*=[(AH,,/w)/277] x 100, where w = weight fraction of EVA in EVA/Az-PBD blend.
) Neat EVA ————— NeatEVA
w —- EVA/Az-PBD (90/10) 10F — — —  EVA/Az-PBD (90/10)

—————— EVA/Az-PBD (80/20) —————— EVA/Az-PBD (80/20)

EVA/Az-PBD (70/30) — — — —  EVA/Az-PBD (70/30)
e NeatAz-PBD

5 .
R
:—_‘j S o - " T I
S | T e —— 2
T h \|/ - n b
o + - T e—
T —
c —~
w -

-100 75 50 -25 0 25 50 75 100
Temperature (C)
Fig. 5. DSC thermograms of neat EVA and EVA/Az-PBD blends.

F2A| FA oA T vle} o) o]F BUTr) & nIE EellA
el FEE 2L Sl HlFo] EVASL Az-PBD7} EARE
A 0] 78S Zherhal sde) o k. A, ER=0] T 7 5)
Uzik Ueh= o] 2= EVASH Az-PBD7He] B84 z@ﬁ & 7}
?‘9_“1' 3l Bl =elx o] RS T F A4 MR 7k %
2 o)FshiaA] ZF atak A vFMOIﬂ dofih= o] %—%
7] WO w2 AZhEojFIT), ofof tisAl= TRk el e] AR
A7t ke des Zlog suke)

?&J& Lal=old EVASS T, AH,, 2 X3k Az-PBDS] §o]
SRS AL AhAshe As S 5 Q) o= EVA ARRS
A3t Az-PBD AREE Q18 FatA o & W= g7 wiiEe|d,

ol2fst A¥= EVA9} Az-PBD7FS] H-2]Ql “FgA4do] oles 3
w3 sk, ol st AAEAEA s FEENE W, EVASH Az
PBDS} EVAZ} 724131 84S 7= 310% hdteo] Zitt,

dﬂ

3-3. EVA/Az-PBD S#IE°| 1% E4 U SHI[ANEM

EVA/Az-PBD E#=9] stress-strain =41-& EVAS] A=A}
7 Fig. 60l Z=AI8H3l oW, o] Z5-E Aozl 100% HET X,
300% ZEE 2, QT 2 Skl g 7S Table 200 UERASICE

Table 2. Tensile properties of EVA/Az-PBD blends

0 200 400 600 800 1000
Strain (%)
Fig. 6. Stress-strain curves of neat EVA and EVA/Az-PBD blends.

Az-PBD ko] 7182 100% A8 2 300% A8 ghollAe] 7
TR(100%5 52, 300% REHA )R ST, AT 3
Tha 7hash= AL 313 4= 9t} sk, &2 5 EvaTt
1000% HE9] k2 HolH, Az-PBD o] S71ek ujel M=} 7+
Z%o] Az-PBD 30%%! EVA/AZPBD(70/30) 2@1=2] 79 700%
9] sbalE ghs VRIS

EVA/AzPBD E¥=2] TR 100% 217 $-9] of 717w
HE&S SHsto] Frlsigion, o] A¥E Table 201 T HERNL
o}, 3 Aol AREE EVAE 9 TRIAMER0] 2% Fres o
e B REE e 1 AAE & 5 St EVA/AzZ
PBDS] &1 S-S AzPBD o] Z71384-2 thh Zvls)
R0}, Az-PBD §o] 30 wt%ZkbA| 2] ZAdolA 5% ol8ke] #he
Liehfo] LA 7k A o] 95t EW%‘Q%@ HeERASL
t}h o] 2HE], Az ENTE BT 5% 1S ddshs o
THAARVIAIN S & 7 U

EVA/Az-PBDE| 54 7]1A14=d-5 DMAE 4313101, Fig.
T(@pele &5 W Aed&2] MgkE, Fig. 7(b)elle tan d 4%
o] sk Lehgltt. 225 °C) Mt S ieellAe 4w
£0] Mz BRIE Ao whet BAdeh ks eR A ekgkont,

Sample 100% modulus 300% modulus Tensile strength ~ Elongation at break ~ Young’s modulus Tension set
(MPa) (MPa) (MPa) (%) (MPa) (%)
Neat EVA 0.8 1.5 1000 3.1 2.0
EVA/Az-PBD (90/10) 1.2 2.7 815 7.0 3.1
EVA/Az-PBD (80/20) 1.6 3.0 820 8.1 35
EVA/Az-PBD (70/30) 2.0 34 710 10.8 4.6
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Fig. 7. (a) Dynamic storage modulus and (b) tan § of neat EVA and
EVA/Az-PBD blends.

Neat EVA

EVA/Az-PBD (90/10)

EVA/Az-PBD (70/30)

EVA/Az-PBD (80/20)

Fig. 8. Combustion of neat EVA and EVA/Az-PBD blends.

2 ool g-go] L] A7 LW LolM 2] A S
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FE tan § Fo] Hol7t H= £591 Table 19 374 YehiAT}
DSCOIM & frejlol o] ey dy) FUst Fae Aad
4= ek

34, HAEN

Az BREEY] AAEYS B8 1l A%l vehhs 229
7|2 vlaste] ®ekow, 71 AVE Fig. 8 YRt 1o
A] Bi= e} o] EVA/Az-PBD E¥l=4= 5573k EVAC] v]8) &
zo] o A yehhs ZS #4s] & 5= lom, ERlEelA Az
PBD §go] S7Fedel wheh =2ke) 2717k A4 ¥ =LA ZdsiAl U
B A 87} BReo] 7hs SR 71Ae BEE 5 9l o]
ZHE 9= o] Ny19] gl S7HEE A Al Y 2 oy
AS WA e A 0 R ERIE o QlSiTh

4.4 E

1,2-PBDZY-E] oA 8} 1AM azidated PBD(Az-PBD)E Al
Z8 4= QJISIt). o|FA AZE Az-PBDE G71AA5A|Ql EVAS}
EVA/Az-PBD Z/3°] 90/10, 80/20, 70/30(wt/wt) ¥ == Sdl=3H
S I S-87 A S s olUAISH B7EA 'AA
(ETPE)E A8 = S-S Alxd Sl R2ax] AHEA &
A H 7AREY B4 ANENE ERIE 5 gtk Alxw B
T AzPBD7} BAMES EVAZE A4S o= EEEAE 7}
A|H, Az-PBD &go] S7185 BEel2vt Sslal dealge
rashes A3s VERSl o, At ed el e whe ol
AP ghs Bl AP o 2N E], EREA N, go]
S7¥ekl et =& duATE BEE 5 s & ATk

# A

A URIAA ) Skl Ao R FHEHgle
o ofof] thal] zlo] A=Y ThEAM S ADD 13-01-04-14).
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