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Abstract: The rheological properties of highly concentrated polymer bonded explosive simulant were studied by using
poly(ethylene-co-vinyl acetate) with 30 and 60% vinyl acetate (VA) content as a binder, respectively. Calcium carbonate
and Dechlorane, whose physical properties are similar to resarch department explosive (RDX)’s, were used as fillers. The
suspensions were mixed in a batch melt mixer and it was possible to fill 75 v% at maximum. From dynamic mechanical
analysis, Dechlorane showed higher interaction with binder resins than that with calcium carbonate fillers. The effects of
microstructural change on the rheological properties of the suspensions were investigated by a plate-plate rheometer with
constant shear rate and constant shear stress modes, respectively. The theoretical maximum packing fraction of EVA31/
Dechlorane suspension obtained from Krieger-Dougherty equation was 70 v% and it was thought that 2000 Pa was proper
shear stress condition for this melt processing.
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Figure 1. Measured high and low shear-rate viscosity of concen-
trated latex suspensions.’
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Table 1. Polymeric Binders
Trade name Material type Producer Density (g/cm’) T (°C) M.L*
EVA 31 Ethylene vinyl acetate copolymer USI Chem. 0.95 52 18
EVA 60 Ethylene vinyl acetate copolymer Millennium Petrochem. 1.02 <40 0.15
BAMO-AMMO 3,3-bisazidomethyl oxetane-3 Thiokol, Aerojet 1.25-1.3 40-83
azidomethyl-3 methyl oxetane
*ASTM 1238.
Table 2. Fillers Used in This Study
. Density Mean particle size T,
Trade name Material type Producer o
P (gfenr’) (um) (C)
OM-5 Calcium carbonate Omya Korea 2.7 4.5 1339
OM-5T Calcium carbonate treated with Omya Korea 2.7 4.5 1339
stearic acid
Dechlorane plus 25 CsH,Cly, OxyChem 1.8 4.5 350
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Figure 2. Linear viscoelastic properties of neat EVA resins at 90 °C.
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Figure 3. Mixing behaviors of EVA/filler(40/60) suspensions at
80 °C.
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Figure 4. Viscosities vs. shear rate for EVA/filler(40/60) suspen-
sions measured by capillary rheometer at 80 °C.
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108

o
Vo
—_ A v
¢ 10k ALv
e 4 Y
2 iy
8 Solid fraction A
3 103E (VIv) A
> A o5 A,
v 06
o o7
102 " " N
100 10! 102 102 104

Shear rate (1/s)

Figure 6. Solid fraction effect on the viscosities of EVA31/Dechlo-
rane suspension at 80 °C.

52 2 5 Atk ©, AeEEot 1075 F2ollA] EVA3L

EVA60°!| Dechlorane®] Z51¥ HEAEC] AA +A
E3} v HEASS Kol A, Dechlorane®] =43
YAl B2 AgA|ete] e algo] A 7] Wwr] ZeR
Helth

Figure 60ll= =A| HEAE o]&3t] EVA319l 50, 60,
70 v%2] Dechlorane® 2 733t SeMA|e] H= HElE v
s, FHE0] T7HERE duAle] Al FEAdel Y
A S ARGl FUlE = Fo] #lorEe] 2uA
9] SHAloll mdate] FE-St vlolE] ERJAES IA] E3h.
o]= EVA319] 402 2lsll EVA313 =419 Dechlorane
7re] FeAdo] tha oA 7] wiiZolgtal AR E T

ZEtH-S™N 4358, Figure 79l EVA3Ie] 747}
60 v%2] Dechloranex} §H:Fz4o] S41€ AEA S &4 7]
AA o] Wsls TAISIITE AFA A9 el &
o) EE A 2R ARAFR ] o] AduiE e
2 7443t damping intensity”} A S B 2

4

i3

0.4
Solid fraction (v/v)
— 0.0
03}f |—— 0.6 Dechlorane
———— 0.6 CaCO,

Tan &

Temperature (°C)

Figure 7. Dynamic mechanical properties for EVA31/filler suspen-
sions.

slo} AR FHEY o 229

2 ey fEjxlolex o) dexe dEHAl sl 23]
7k 2Es B o Aok &, AgAl A9 B4 5482
e 3718H-S Wi He} Dechloranes A 71HA-S o
7} oFF ¥ "ojA= A ofv]aiH, ol B E R
Dechlorane®] A A Aol o 2 2A4k=o] QlojA] AFA
TAEL O 2 A528S a7] Wil Aoz Azt
Mok Bstof mE SEA o|MTxe #sl duros
3HY HorHE ARESt FEE ST v e Ad
SEZRY 2 AWdEEE tAlFoR FTMTIHEA ZF A
GERoA o] EAE A5t HER SHilete WA 94
AT (constant shear rate, CSR) WS F2 AME3HL Q)
Th 28U PBX AlETES; 2 5 SEA M AR
off x| Eal= 53] EAltaL S staat e Atk
£xd| t-gete Ae-ggo] JE-gHET} 2oH #onH
= FESY oo S SR FTRA A
Hol|lA tlo|Ele] TGS 2 & ot 7]
13k 38 718l &4 7 oA dct aejEE o
5 A AN e 9 deEs W] gerHEoE
22 (constant shear stress, CSS)2] 2] 2| 2 1|E|7}

o Agsitial & 40 ot sk, B4ke] I 2A] oA ¢
SHAE X3l e w5 dEl AduEe e A
S TkelA HWH SRAL] 27 A A HER 5
= dEHlY] R 2ot el €k wEb AR EE &
olod = AAle] Ui x| WstE wEslaat EVA3LY
Dechlorane FEHAlE o2 4 TS WA 7]HA
CSR % CSS W2Ao& 4% dby el Aol 37
£ Figure 89, AT} Hekg&e] AAE Figure 99 7t
7F TAE A vl FAE0] =2 4% 7 A dAg A
ol Ho|¥ S ¢ At} CSR W21e] 7%, 4&
Z7Fl wie} dehdks) ddo] BlS o XA S E0l
40 v% odellMe 107s'¢] AXTEE Foolli Hegols
Holx] gtprt Tx&o] S wet A=rt §438] St
She A5S B S & whdel, CSS WolA s FH 80
60 v% ©)’de] =¥ F 7o) HEggS 2t Soldt A
HQl & oA deeks) A4S Hole e ¢ & Ut 9]
= AEE deHlol] AdEes AA3E S7MA7IE 270
TR F2 Hele] Hdkggo| 7B AHA] HEHA T
T27F MR &, AEE dslel| mhE AT Ass &
AsHA HBE HZ=7} Figure 83 -2 A S Hole AL
2 289t 28y EVA31/Dechlorane $EHA o] AeH-3-2
S A3 Z7HA7IE 9F 100 Pae] A3 7Hx & HAlo]
A2 ZEfe] BRA0R 3 F2E o]FIA e YAE
o] EANgtt}. ojuf, SFA WFoll ZAsE {A7F YAte
FoEgol gajAda] A ShdexRY 4§ 22 2] 34
5 YeERA =L olof] mE w5 dEHle] T A
< Holtpy} 1 o)de] MdekgHo] Hrked S+t 7

o

oy

o,

I

=
T

Polymer(Korea), Vol. 38, No. 2, 2014



230 O|AMR . Fo)

108

Solid fraction (v/v)
A 00
a
0 4 v 02
o ] O 04
5 108 0o O o6
& ° o
a © o o o o o
2 ° o
o 104 A
2
>
103 L
102 107 10°

Shear rate (1/s)

Figure 8. Shear viscosity vs. shear rate of EVA31/Dechlorane at
100 °C from rate sweep experiment.

107
Solid fraction (v/v)
00poo0g A 00
o0 : 3%
m o o o6
f u]
©
> 10°¢ 0000 ° DDDDDD
h) (e] ooo
2 % . OOOOOOOOOOOODDU
vyIXXXXX XXX XX XXXXXXXgy 0
S 104 A Xy o
2V
10 . . . . . A
10 10° 10’ 102 102 104 108

Shear stress (Pa)

Figure 9. Shear viscosity vs. shear rate of EVA31/Dechlorane sus-
pensions at 100 °C measured in constant shear stress mode.

ARHA AEAle] AE7] T 0] AA| &l 77k
ol w2t Arb 12p7] Yol AsS HolA He AL
2 FE) e, Osman 52 HDPE/calcite AlS thAko
2 3 TS 30 veZHA] WA 7IHA CSS WA ] H e
HEE ARt § 758 AR T Krieger-Dougherty
21& curve fitting$h S 24 Krieger-Dougherty 29| 447k
Z, A= 34T F Jde FHEES IHREE Tel%le
o AaEee)l de-g-Ee] Wl met Hd S FuEs
o] 0.25-0.55, =7} 3.2-4.0 Mol oS BN
o9} -2 HPHE o] &3P Foixl gAY Ho 4 F-
&S o A HER 35S dgAIE sk
dAre] S FHFS ABE 7 Uk HollA /8T v
FrtEe dugs 9 Ao uet T AsS

7 HER "JEAE ] 9% vk 2
AT = A A HAME v F-887 o8

s

xo

tlo

»

o
2

:

)

)

EE R

Zan, A384 A23, 20143

214 - olAl% - A

102
Shear rate (1/s)
A 0.01
v 0.04
> o 017 /]
G o o070 /
o /,
8 10E — Krieger-Dougherty eq N
'S at0.01s” VZ
[
2
£
[
[]
14
0.6
Solid fraction (v/v)
(a
A
Shear stress (Pa) /
102 /
A 10
v 109 / /V
- O 464 /
= O 22300 / /
9 /
@ /
2 I
> 10} a
2 XS
5 }/ / o 1
[ e
o g e e
P
==
=¥
1000;.15;" L L s

0.0 0.2 0.4 0.6
Solid fraction (v/v)
(b)

Figure 10. Krieger-Dougherty plots of EVA31/Dechlorane suspen-
sions at 100 °C: (a) constant shear rate mode; (b) constant shear
stress mode.

Aol Ad A&7 IFHEE F517] A8 Figure 8 2
Figure 99] CSR % CSS W29 A% AIAE Krieger-
Dougherty 2]-&° ARt curve fittingdtal FHEE 531
9] 2 dugs 9 A3 o] Wsle] w2} Figure 10
of 747} =AIsISl=Tl, AE Aot & Tkt

Figure 1191 Krieger-Dougherty 212] 2573, = ] &
A B IRAEE dugre Au-g s TA|
ato] Hlaalgith. CSR Aol = Frtse Aol &
Alglo] At 4L oF 70v% =2 79 A3 uhH,
CSS 2ol = Ae-g-#o] ¢ 100 Pa7HA= o] F4E<]
°F 63 v%= 7] dAsitrE gl Srlshd Al &
AE&e wWE2A 7t 2F 2000 Pa F-ollA] o] SHE9]
70 v%E Hdo] ® vk oft Aadte Ae B U
t}. EVA31/Dechlorane dgA2] U] S3E8-2 Osman 5°]%
B33k HDPE/calcite A1¢] #Hth 373820 =U5L, &£ 70 v%
71 F70] 7FsdE o]f+= calcite YAR= #2] unimodal
o] YAEXE z+=d| Y& Dechlorane> YU 3s}A Ho}
bimodalell 77k AZREEE 7HA7] Q7] W] Aew



30 2
73
s 3
s 000000000000 — 120 2
5 000 o
b5 110 2
o S
Y= [=
o £
=
£ 075t
g AAaaaant
o A A
i AA A
g 070F LA AA
=
E o065
£ A
©
= 0.60 : :
102 10
Shear rate (1/s)
(a
o 3.0 2
- 00 00, @
2 o o
2 %04 —= J20 2
o >
§ ©o00o0gpp0 o
; 1o 2
£ g
-t £
[
£ 075}
o
g @
0.70 |
E o065} ada R
% A AAsa
= 0.60 . . . .

10° 10" 10?2 10°

Shear stress (Pa)
(b)
Figure 11. Krieger-Dougherty equation parameters of EVA31/

Dechlorane(30/70) suspensions: (a) from constant shear rate mode;
(b) from constant shear stress mode.
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