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Abstract: A practical method was developed to characterize and to quantify the content of filler and binder in polymer
bonded explosive (PBX) by thermal and spectroscopic analysis. Energy materials, research development explosive
(RDX), high melting explosive (HMX), aluminum, and an inactive Dechlorane were used as fillers, and polyvinylacetate
and plasticizer diethyl-hexyl adipate (DEHA) were used as binders. The concentrated suspensions were mixed in a batch
melt mixer and analyzed by TGA, ATR-IR and NMR for quantification. The contents obtained from this new method
corresponded well with the prototype contents. It was thought that this method could be applied to determine the contents
of fillers and binders in PBX faster and more easily than the traditional methods.

Keywords: dechlorane, polymer bonded explosive, simulant, research development explosive, high melting explosive.
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Figure 1. Structure of materials used in this study: (a) RDX; (b)
HMX; (c) Dechlorane.

oy

oA

3} Table 191 ZH2F JERAATE

Sgistet DAe] Mx. w5 A Esl= Al &
dlo]=7} A2 3]8-2 &3 7](Haake, Rheomix 600)S A}
L3, 17 e Lr9) Eusne} 7 Fuig
T2 MSATIHA RS FEien, &35 Aol uet
Hele B9 255 EAnHe St E ARSste] 5286t
ATt
LAZRZEM(TGA). 918 7K AA9} Dechloraneg thd
A2 7)(TGA, TGA 2950, TA Instrument)S AR
ESslef BAA| o] AAEA H Al S 2AYe)
IS dotr At a3l o] W S2& %= 10 °C/min
ALEL171904 S35t
t4| MEIA} 2M(ATR-IR). ATRS o83 34 gh &
Aee 297 28 Y 7 72 FHEh
o] A= iR ol ARE-sIaL, Hl FEf
39 ¥4 =AM 4= A 7](hot press) (Laboratory
Press Model M, Fred S. Carver, Inc.)& ©]-835lo] HE e
2 A &ste] ARSIt A B B B4 el 40°CE A
A AFeoA oFF BE Ax=A7 5 AQMd E37
(FTIR, Excalibur series, Biorad)l ATR accessoryS “2}3}
of Fsith. AgAle] 1A F shE W 7o R At
o} Aralgto =M A AY wHFte] B Wil uls
L2 HekS SIS

X7 3 24(NMR). EVAS} Dechlorane®] &5 =+
|E A4, T4 X3HE WAl & ARg-ste] 3z}

™ ('"H NMR, BioSpin, Bruker)S %4 3I%t).

o

]_

e o
: 2

>
rad

o 1% mo IN kI

[ ogt 4o
o L o

AL

AZFEM, Figure 201 4 H97]914 4= Dechlorane,
EVA, DEHA®| 54 &% %4 (dynamic TGA) 1} Z &
EVAS| 12} m]¥(derivative thermogravimetric analysis, DTG)
Tz} A =A5FITE. DEHAE 9F 150 °C, Dechlorane
2 9F 210°C, L83 EVAE ©F 280 °CH-E] A&t art Al
2kw]of 7}z 300, 400, 500°CllA Al (ash)ys <] H714] ¢

Table 1. Properties of Fillers and Polymeric Binder Used in This Study

. . Density Particle size T,
Filler material Name o
(g/em’) (um) (*C)
RDX Cyclotrimethylenetrinitramine 1.8 4.5 204
HMX Cyclotetramethylenetetranitramine 1.96 4.5 275
Dechlorane 25 1,2,3,4,7,8,9,10,13,13,14,14-dodecachloro-1,4,4a,5,6, 6a,7,10,10a,11,12, 1.8 4.5 350

12a-do-decahydro-1,4,7,10-dimethanodibenzo(a,e)cyclooctene
AAL-100S Aluminum powder 2.7 10,30,70 660
EVA1528 Ethylene vinyl acetate 0.946 MI:150 67
VA:28%

ZEd, A41E A1E, 20173



A Egeler gl I Aol e aak g A

1st derivative / \

= 100 — — DEHA
- ——— Dechlorane
= -
) 80 EVA1528
[}
= 60

40

20

0 # —

100 200 300 400 500 600 700
Temperature (°C)

Figure 2. TGA thermograms of neat DEHA, Dechlorane, and EVA,
and DTG thermogram of EVA.
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Figure 3. TGA and DTG thermograms of PBX and PBX simulant
with various fillers: (a) Dechlorane; (b) Dechlorane/aluminum; (c)
RDX; (d) HMX.
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EVA content (wt%) )
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Table 2. Slope and Intercept of Linear Regression Equation
for the Calculation of Filler Content

Filler Slope Intercept r
Dechlorane 1.04 2.12 0.993
Dechlorane/Aluminum 1.01 2.07 0.997
RDX 0.99 -0.61 0.999
HMX 1.02 3.31 0.993
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Figure 5. FTIR spectra of neat EVA, Dechlorane, and RDX.

Table 3. Band Assignment in the ATR Spectrum of EVA
Copolymer"”

Wavenumber (cm™) Vibration mode

2920, 2841 C-H stretch

1740 Carbonyl stretch

1464 CH, bend of the ethylene backbone
1230, 1026 C-O stretch

726 CH, rock

Table 4. Band Assignment in the ATR Spectrum of RDX'*'
and HMX"**

Wavenumber (cm™)

Vibration mode

RDX f HMX o HMX
3073 3035 3053 v CH,
1592 1564 1572 v, NO,
1459 1462 1448 8, CH,
1390 1396 1384 &, CH,
1351 1347 8, CH,
1270 1279 1277 v, NO, + v N-N
1145 1109 v N-N
1039 964 913 Ring stretch
830 841 8¢, (NOy)
604 625 645 T+ 7 (NOy)
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Figure 6. ATR spectra of PBX and PBX simulant with various fill-
ers: (a) Dechlorane; (b) Dechlorane/aluminum; (¢) RDX; (d) HMX.
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SFuES T A=A SHA T 55, 65, 75 wieel
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t}. Figure 6(c)= 447} RDXY wj2] ATR-IR ~FEH
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slsle 93 FHE BEE 5 = o= RDXS] NO2 H
A AERFo 716 Aok, Figure 6(dys 24417 HMX
d we] ATR-IR 2~Z EZolt}, RDXS] 759} FAlSE 74k
< HolH 1594~1530 cm™ F-22] ¥ E°] RDXQ] 451
o} A5 3= F 719 shouldert A= 1530 cm™] ©F
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tolr] 2 v]=19] 29)S Ateliol & Zlolth | & 51,
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HMX®] 9= 917 em™ H22] = (v ring)E o8& 5 2
T} 2425
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Figure 8. '"H NMR spectra of EVA in benzene-d.

Table 5. Assignment of Proton Resonances in Ethylene Vinyl
Acetate Copolymers

Peak ppm Proton Area Area/proton
vl 4.9-5.1 -CHR*- 3.39 3.39/1=3.39
v3 1.7-1.9 -OCOCH;- 13.19  13.19/3=4.40
v2 1.5-1.7 -CHR-CH,-CHR-  8.89 8.89/2=4.45

1.4-1.5  -CHR-CH,-CH,- 8.76 8.76/2=4.38
e 1.0-14  -CH,-CH,-CH,- 135 135/4=33.75"

“R=-OCOCH;. *Area was divided by number of proton in a repeating
unit.

2ol opd uf, st H8AQl WhHo R ERES 5
22 ST WA V2 3 S 5=14~1.5 ppm T =
methylenedl] A=) AT 2 Fo] PE EFof vl vt
A5 fE YRNRS ¥3ele® PE 29 proton AlAtlA]
wjA et T ek PE £5-2 proton 171 <F 33.759] W
A 7HAH VA £5 5 PE B=9] JFgor 5HZ ] ¥
AE(vIF v3)9] F WA 1658 WHE T Yi9] viz} v3e
proton 71 42 WA proton 7R 4.1452] &S zhH=t),
2 W] proton Ve B FU% WS THERE 7t £
FolX9] proton] H]&-2 33.75:4.145=8.9:1.10]3L 7} £59]
BARRS aLEste] 2] (HE VA TS ALk 27.5 wi%
7} €t} ol EVAS] AlZAF AFE3k 28 wiveoll ZAFSHH H)
WA k= 7108 AlgETh
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Figure 9. '"H NMR spectra of Dechlorane in benzene-d.

Table 6. Assignment of Proton Resonances in Dechlorane

Peak ppm Proton Area Ratio(anti/syn)
s3 2.6-2.8 dd, 4H 1.02
a3/s3 =2.90
a3 2.3-25 dd, 4H 2.96
a2 1.7-1.9 d, 4H 2.97
a2/s2 = 2.86
s2 1.4-1.6 d, 4H 1.04
sl 1.6-1.8 d, 4H 1.04
al/sl = 2.86
al 1.4-1.6 d, 4H 297
XpM,
VA Wt% = —————— %100
xpMg+xy My p 4)
0.11x86

~01Tx867089x28 « 00 =27:5%
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Figure 10. 'H NMR spectra of PBX simulant in benzene-d.
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