2444-2452 o 1 ojlads 11 sla

s

T S5y el g s

H}”ﬁw $5ls 5 pole

| http://jstc.iust.ac.ir

u‘{‘.:»ku(m/-%

00l 33 b SOCY jorol5 S0 g (959095 HLdy p WS yloj yib

£
o

2‘5)3-&-6 ‘500'3)-0 ‘1 . 'L!.) &:

Ol (8) e plol oRSls ¢ o (pwaigee )| ol IS gails -1
Ol (8) o plal oSzl ¢ yorly cmsige o Lsliwl -2
mghafori@ihu.ac.ir 16987-15461 ., sgaro <o) ps #

oSz

lie Sledlb!

lagg, el 00l [:S23 30% I jiey (S peS b Bt slaoniiS g g peey male 23z 50 ) oadin s slacajselS
5 Plegs Kok 5 3515 » Gy e 42505 T Wlie (il o 45 0I5 32y Cujenels Clégs oz S, oz lp Slie
2 sy Bt sladie s boadn Jlaw SujenalS Cligs (5915 sl 48,55 gy 0y90 e SajendlS Jpare wizen
L «ollSy puisallpsenagll by s €IS 5 posigollenioaslll analy sloca sl ;5 LU (Ll 5l 5 40 °C glos oogame
ety 4y ) Sidly 5 S35],T 45 b oanlie sl o (6 S0l AleiSs s bz stasSan 5l ooliial b (oaiiSaSed ol
bt a5 5 (K) (5351,5 a5 slo il o 8 olan Sl aslisl b s ibllan Kbyt Jlow 55, L 5
S iSer n 4 xR Hsbar 0ol s CojelS (S5elgs, HLS, 4 al ools (Lis el Julod g 58 g e Sl (M)
e s 00l Loy S 59alS (69515 oS aSd Jale 09380 5l Gy 0L 0amlive 0)]3 (K (e ile 5 000 Slge (e (S35
skt JESle 55 (oo SVl S5 5 (JoSUse 39 I3l g ) el DS e 4 6915 Gl cnl 5 99iee oL
@ 4 135 Lsl anl s U5 olej 0 Jyame (nioSen a5 o ol Jpame (5500 5 LIS plajoss I g a2l

Sl Caws

1403/02/06 :csl, ,»
1403/05/04 : s »dy

gl
0y sl GO 508

Sslsdy LS,
«Sodyas s,

S
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Highly filled composites consist of two components of polymer matrix and different fillers with a weight
fraction of more than 30%. There are different methods for studying the slurry flow behavior. In this article,
the effect of pre-shear on the viscosity and homogeneity of the composite slurry and the final product has
been investigated. The Viscosity of highly filled composite slurry with different shear rates in the

temperature range of 40°C after mixing in composites binder / aluminum / ammonium perchlorate and
(binder / aluminum / ammonium perchlorate with Cross-linking agent) with the use of a Brookfield rotary
viscometer was measured. It was observed that the viscosity and its dependence on the shear rate correspond
to the behavior of the pseudoplastic fluid. Using the equation of power law, determining and analyzing the
parameters of viscosity index (k) and pseudoplastic index (n), it was shown that the rheological behavior
of highly filled composite depends significantly on the physical interactions between the filler and the
matrix. it was observed that after adding the curing agent, the viscosity of the highly filled composite
increases rapidly, and this increase in viscosity is due to smaller solid particles, an increase in molecular
weight, and the formation of crosslinks in the prepolymer structure. Investigating the effect of mixing time
on product homogeneity showed that the most homogeneous product was obtained during the entire mixing

process of 135 minutes.
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Fig. 3 Rheological behavior of composites; (a) (HTPB/AI/AP)
composite, (b) (HTPB/AI/AP) + TDI composite
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Table 2 Power law fluid equation parameters in (HTPB/AI/AP) and
(HTPB/AI/AP) + TDI composites with total mixing time of 75, 95, 115
and 135 minutes

R? k n=m+1 m miny Aiged
0.986  5.790 0.638 -0.362 75 Al/Binder/AP
0.984  7.019 0.629 -0.371 75 Al/Binder/AP/TDI
0.990 5.156 0.643 -0.357 95 Al/Binder/AP
0989 6.325 0.637 -0.363 95 Al/Binder/AP/TDI
0.997 4.253 0.655 -0.345 115 Al/Binder/AP
0.995 5.405 0.650 -0.350 115 Al/Binder/AP/TDI
0.999 3.107 0.674 -0.326 135 Al/Binder/AP
0.999 4,272 0.662 -0.338 135 Al/Binder/AP/TDI
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Fig. 6 Effect of total time of mixing process on pseudoplastic index of
composites; (a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) + TDI
composite
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Table 3 Composite slurry density results (HTPB/AI/AP)
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Fig. 5 Effect of total time of mixing process on viscosity of composites;
(a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) + TDI composite
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T SD e SB SA B (min)
1.8609 1.8517 1.8744 1.8526 1.8985 1.8898 75
1.8616 1.8580 1.8535 1.8673 1.8867 1.8722 95
1.8868 1.8881 1.8740 1.8837 1.8994 18746 115
1.8895 1.8852 1.8907 1.8818 1.8902 1.8924 135
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Table 4 Density results of composite slurry (HTPB/AI/AP) + TDI
before composite cross-linking

@Ml asein Gl ylSe )5 Cojamls Dlégs JE= oles

T SD SC SB SA B (min)
1.8356 1.8342 1.8694 1.8461 1.8608 1.8745 75
1.8788 1.8507 1.8650 1.8449 1.84112 1.8631 95
18710 1.8644 1.8602 1.8515 1.8592 1.8528 115
1.8605 1.8630 1.8591 1.8646 1.8583 1.8657 135
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Table 10 Homogeneity (cv value) density of composite slurry
(HTPB/AI/AP) + TDI before composite cross-linking

135 115 95 75 miny ol
0.159 0.391 0.765 0.932 cv (%)
99.84 99.61 99.23 99.06 (%) Kop 4z yo

TDI + (HTPB/AI/AP) Cojels S (e, lais) e 4z, 11 Joue
IXSELOM

Table 11 Degree of homogeneity (cv value) of composite density
(HTPB/AI/AP) + TDI cross-linked

135 115 95 75 miny ol
0.081 0.292 0.614 0.890 cv (%)
99.92 99.70 99.38 99.11 (%) Kon 4z o

Iy losls 31655 cauS g0 puend |) ooy £425 CV e oS j5bo Lo
Ol (Kep 4230 plgieds plFio ) nl 055 G s 200 b Bl
Al oo solS sRen Jlade £V Jlade al38l L as ol plas mlbs o8
Slade o YL aids 135 aT s IS LSl loj 50 eddbdamle CV lade
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Fig. 7 Effect of the total time of the mixing process on the density of the
composites slurry; (a) (HTPB/AI/AP) composite, (b) (HTPB/AI/AP) +
TDI composite before cross-linking

S alS (A sl oS Dligs Sz LIS 0z S e 8l 7 S8
Sasass 5l 8 TDI+ (HTPB/AIAP) ¢y j0lS () (HTPB/AI/AP)

0054 TDI + (HTPB/AI/AP) co 5505 JE> i 5 Jouo
Table 5 Composite density results (HTPB/AI/AP) + TDI Cross-linked
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T SD SC SB SA B (min)
1.8235 18283 1.8118 1.7906 1.8032 1.8326 75
1.8251 18329 18084 18077 1.8325 1.8203 95
18270 1.8232 1.8245 1.8229 18201 1.8354 115
1.8292 18287 1.8300 1.8321 1.8279 1.8285 135
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Table 6 Average, variance and standard deviation of the density of
composite slurry (HTPB/AI/AP)

135 115 95 75 miny ob;
1.88830 1.88443 1.87155 1.87132 X
0.00002 0.00009 0.00023 0.00039 52
0.00399 0.00948 0.01524 0.01967 s
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Table 7 Average, variance and standard deviation of composite slurry
density (HTPB/AI/AP) + TDI before cross-linking

135 115 95 75 min) b,
186037  1.85985  1.85728 185344 X
000001  0.00005  0.00020  0.00030 s?
000297  0.00728  0.01426  0.01729 s
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Table 8 Average, variance and standard deviation of composite density
(HTPB/AI/AP) + TDI cross-linked

135 115 95 75 miny Lo
1.82941 1.82552 1.82116 1.81500 X
0.000002 0.00003 0.00013 0.00026 s?
0.0015 0.00534 0.01120 0.01615 s

38 o il K 5 Ken e p LY ey 48 ol ol gl

Wnools £95 Hla (sl il aal3dl baas JK> e LS oleg 2alil L
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ol Jlaie 5wl oo LS anlp S o)l lp Sl lade K

(HTPB/AI/AP) 5505 Clegs > (CVlaie) Kon 4,09 Jaus

Table 9 Degree of homogeneity (cv value) density of composite slurry
(HTPB/AI/AP)

135 115 95 75 min) l;
0.211 0.503 0.814 1.051 cv (%)
99.78 99.49 99.18 98.95 (%) Ko a0
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Fig. 9 Effect of the total time of the mixing process on the degree of
homogeneity (cv value) and density of the composite (HTPB/AI/AP) +
TDI cross-linked; (a) density, (b) degree of homogeneity (cv value)
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Fig. 8 Effect of the total time of the mixing process on the degree of
homogeneity (cv value) of the composites slurry; (a) (HTPB/AI/AP)
composite, (b) (HTPB/AI/AP) + TDI composite before cross-linking
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