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Abstract: The rheological characteristics of highly concentrated polymer bonded explosive simulant were studied.
Hydroxyl terminated polybutadiene (HTPB) and polyethylene plastomer (Exact) were used as binders. Sugar and Dechlo-
rane particles whose physical properties are similar to research department explosive (RDX) were used as fillers. When
HTPB was used, diethyl hexyl adipate (DEHA or DOA) was used as a plasticizer together for some cases. Highly con-
centrated suspensions were mixed in a batch melt mixer (Rheomixer 600, Haake) and rheological properties were mea-
sured by plate-plate and capillary rheometers. Wall slip phenomena, thixotropy with shear hysteresis, and flow instability
were investigated as shear rate and amount of fillers changed.
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Figure 1. Parallel disk velocity field at radius R. The figure shows
wall slip velocity, actual shear rate, and apparent shear rate.
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Table 1. Polymeric Binders Used in This Study
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Trade name Material type Producer Density (g/cm’) Remark
Ty: =76 °C
R-45M HTPB Arco Chem. Co. 0.9 M,: 2800
Viscosity at 30 °C: 4400 mPa-s
. . T 36 °C
Exact 5361 Ethylene octene copolymer Exxon mobil chemical 0.860 ML 3
. . T 53 °C
Exact 5371 Ethylene octene copolymer Exxon mobil chemical 0.870 ML% 5

*ASTM 1238.

Table 2. Fillers Used in This Study 2 A& oA = 2AF g 2 v E(Rheograph 2003,
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Caster suger (Sﬁ;‘rgjsre) CJ Corp. 1.6 104 160-186 Mooney EAglo] Ar7] =2 Jepiith

Milled suger  SU€ar Al 6 4 160-186 27 o E=
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Dechl
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Scheme 1. Structures of the materials used in this study.
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Figure 2. Shear stress vs. shear rate for Exact 5361/Dechlorane(50/
50) with two gap distances at 60 °C.
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Figure 3. Viscosity vs. shear rate for Exact 5361/Dechlorane (40/
60) measured in capillary rheometer (L/D=30) at 60 °C.
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Figure 4. Shear stress vs. shear rate for HTPB/sugar (mirip:air pul-
verized=3:1) (45/55) at 60 °C.
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Figure 5. Apparent shear rate vs. 1/H at constant shear stress.
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Figure 6. Slip velocity vs. shear stress.
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Figure 7. Thixotropic hysterisis behavior for (HTPB/DOA)/sugar
(60/40) at 60 °C.
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Figure 8. Thixotropic behaviors of suspensions measured by
sequential step shear rate test.

E’i 1:1]1117;]?(1 E]_J_i‘,q ﬁo]—@/ﬂ 217

ASEZ (HTPB/DOA)/IE(60/40) AEAI] E&o)= o] o]
el duAE o asithe A4S o 7 UATh

YAERT A4S SAshe & U A URoE W
AAETE Fx12 o7 Brlst= W (sequential step shear
rate)°] AT, Figure 8olA] HQl wje} Zho] F17ka 171 Alo]
o] A& AI7RS 5, 10, 20, 30, 40202 dhaL zF 7oA A
T 0.055'8 1058 7RIS wle] dEA2] I (transient)
A= 758 A& 911:}. Exact 5361/Dechlorane(40/60) S &}
AlA= A HAY el YA AHo] s 5
LA AR F7E o]l F 24 IES Y EE HAERY

%S ¥ 132 HTPB/Dechlorane(40/60) S EHA] FE3F A ¥

&H ;7]- o] :FLZXJ p:]ﬁ.o 5]‘— EJ/\EE_.JJ 74 _u;_gj\
o}, o] 72 A dhgHo] AAE & SA] A 3“*0] Al
2} sto] =24 (hydrogel)] &5} 31853 v)$- AL
Sl vk YRR § 9] e} o) &gk A wiiolz}
AbgET?

Exact/Dechlorane &% SEIA
FE2 HedA|o]7] wiol H
= 9 AuEroA f5 EQRAS e, AlFS] &
HelH, B, A B3] *é:% z#sHA Aot wepA] 539
sk = %1789& Az o =2 A AlFe] #4
AEE JEA A ERES U= )
< fre Al tigk A7 B asitt 603+ 80 °Ce] &%=
z27004 2A HerHETE 4EE =5 Exact 53619}
Exact 5371 % 7 dAEA|9] A HES] /\}ﬁ% Figure 9] 1}
2=

<= Exact 53619 7% 60 °Ce] &% ZAdA= 105"
;ﬂ%ﬁ_n_oﬂ’ﬂ—rﬂ oln] slip-stick FENQ] -5 ESFIAS W
°]7] /\]Z}O}Uﬂ 325" W= sipral, 100s'Y W= AP 3
Elo] A5 EorgAS E"hﬂr 80°Ce] &% ZAJqME 185!
O] sloll A= ?o'ﬂ AHES A4S F Aot 185 o)do] &
A slip-stick, 100 s'Y W& spiral, 1778 s'Y wje= A3 &
Blo] f5 B9F88S Hole Ao HriEH. o= Y
g AGE s 227t 2S5 ARt Yol &8 4E
ol FrtEe HH Ae-ggo] v wid] -5 5387
o] Yoyt A&7} F7lete A2 AR Th Exact
53712] 790l 72 Lx9) 7He k&l Exact 5361
Br}l Exact 53710] 4 ¥ 2 f5 S Hole s
£ 4 & v} o] Exact 53719] AthF oz ve Hioo
71915l= Aoz FgtH)

3HH | 60 v%2] Dechlorane®] Exact 53619 S4% dEA

| 7S Y. vEA &

S glolEzael e

=

o R G HR, o5 AERAE ZHH FE 2
ao] WYOE 5 BebgAe] HE B sk
o} ol % B Ao SH7ke) BAR® 4Ry
4 9l 2 Aol Exact SERRERE A2 eao] A
o] 7] wo] B ATETINE 45 BHHE 1

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



218 o - ol

Materials and Shear rate (1/s)

conditions 10 32 100 316 1000

18 56 178 562
Exact 5361 |
at 80°C 1
|
|
|
Exact 5371 .
B "||l| I I Ill 'il
Exact 5361/Dech.
(40/60) H
at 60°C
Exact 5361/Dech.
(40/60)
at 80°C

Figure 9. Photographs of extrudates.

1778

Exact 5361
at 60°C

-

o] A7t Dechlorane®] T} 71 Exact/Dechlorane & €A
= o] Al ZAARE7] W] A2 A ECH
z =
Exact 5361/Dechlorane(50/50) HEHAIE o2 3t
Y g erEe] Ha Atole] 7HAS WS 7|HA S4
A3 Addr o] AAS ZA8E 23} Hit Alo]o] 7h
2 Wl mE gFo] A feS B 7 UAeH, BAH
225 ge)ste] =43 Exact 5361/Dechlorane(40/60) T E
Aol BAIE g eny Ao ME BAlH X5 Wl uE

o

AN
r.?ll o,

Zan, #1384 A23, 20143

F AUt ol wEA AFA|
Exact 53169] =2 A== sl BH wj11ejyo] T35
HhH o HTPBAA (MY
T3 Bafdo] 3:19) HEE F4) 45/55) A e s ¥
T35 FomE oA B Atele] 7HAS WSIAI7|HA =
Aot A} AdEro] AAE AR A3 HH v
ojF] dido] gds] AAE AT
-3k 2 Qe (HTPB/DOA)Ad®H(60/40) HE
AE o= HAEEEE A7t met AFH o= F7A
A7E A ARG SR A H oz A=
HGe HEH o7 FYsls vl S8 AugG s IAA
gAERy] A4S BT B AUEEE sxpHow
Frtels WHo R gAERY Aot A4S 3 A3 Exact
5361/Dechlorane(40/60) FEANA = 3 WAl bl A}
7F AFo] HEatA T Al WA P17 o] F Fx2A 3
Ho] XY= 22 HTPB/Dechlorane(40/60) HEHA T3k Al ¥
A FZF o] F2A 3o HE HAERY AFS He
vh Ae-g= o] Frke}l A Ao & YAghe] &3¢ wH e}
3|50 ofgt A wjiolet ATk

6032} 80°Ce] 2% 27X BA|Z H L HERY gE
H AHEEY FEEMEAEES A AR TS s F71
met {5 B0 FUhete o 4= AL Exact
5371°] Exact 5361¢] H|3l] 2 A= Q3] ¥ W2 o4&
oPg XS Kol ¥Ho] 7| %A} Exact 5361/Dechlorane
(40/60) AEAIL] 73-5= B9 A= Qlal s 24
o] AZEA] ket

il

i
o:

N

[‘

ol

¢

P

o
=

ZA| 2 2 dFe Gkt SEeidTA] A Yo
2 FEAeH, oo ZA=HUTHAIFHSE: UC120019GD).
xF

2 0= 8

r

1. M. R. Kamal and A. Mutel, J. Polym. Eng., 5, 293 (1985).

2. A. B. Metzner, J. Rheol., 29, 739 (1985).

3. S. A. Khan and R. K. Prud’homme, Rev. Chem. Eng., 3, 205
(1987).

4. R. J. Hunter, Foundations of Colloid Science, Oxford University
Press, Oxford, 2001.

5. L. E. Nielsen, Polymer Rheology, Marcel Dekker, New York,
1977.

6. E. . Hinch and L.G. Leal, J. Fluid Mech., 52, 683 (1972).

7. 1. M. Krieger, Adv. Colloid Interface Sci., 3, 111 (1972).

8. R. G Larson, The Structure and Rheology of Complex Fluids,
Oxford University Press, New York, 1999.

9. H. A. Barnes, J. F. Hutton, and K. Walters, An Introduction to
Rheology, Elsevier, Amsterdam, 1989.

10. G. N. Choi and 1. M. Krieger, J. Colloid Interface Sci., 113, 101
(1986).



15
16
17
18
19
20

. U. Yilmazer, C. Gogos, and D. Kalyon, Polym. Compos., 10, 242
(1989).

. A. V. Ramamurthy, J. Rheol., 30, 337 (1986).

. O. Bartos and J. Holomek, Polym. Eng. Sci., 11, 324 (1971).

. G V. Vinogradov, G. B. Froishteter, K. K. Trilisskii, and E. L.
Smorodinskii, Rheol. Acta, 14, 765 (1975).

. A. M. Kraynik and W. R. Schowalter, J. Rheol., 25, 95 (1981).

. Y. Cohen and A. B. Metzner, J. Rheol., 29, 67 (1985).

. G Segre and A. Silberberg, Nature, 189, 209 (1961).

. G. Segre and A. Silberberg, J. Fluid Mech., 14, 115 (1962).

. V. Seshadri and S. P. Sutera, Trans. Soc. Rheol., 14, 351 (1970).

. C. D. Han, Multiphase Flow in Polymer Processing, Academic
Press, New York, 1981.

21.
22.
23.

24.
25.
26.
27.

28.

Hlmey, BAEs), fEReEA 219

U. Yilmazer, SPE ANTEC Technical Papers, 34, 1608 (1988).
A. Yoshimura and R. K. Prud’homme, J. Rheol., 32, 53 (1988).
T. Q. Jiang, A. C. Young, and A. B. Metzner, Rheol. Acta, 25,
397 (1986).

M. Mooney, J. Rheol., 2, 210 (1931).

B. Rabinowitsch, J. Physik. Chem., A145, 1 (1929).

F. Soltani and U. Yilmazer, SPE ANTEC Technical Papers, 1,
1232 (1999).

J. Nanda, A. Biswas, and A. Banerjee, Sofi Matter, 9, 4198
(2013).

7. Zhu, Rheol. Acta, 43, 373 (2004).

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


