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Abstract

The paste-like composites of particulate KCl filler in a liquid rubber were prepared and their rheological properties were
studied using a cone-and-plate rotation viscometer. Effects of the nature and concentration of surfactant added to
composite, as well as the surface modification of KCl particles by functional polyperoxide on rheology of the paste
prepared are discussed in this paper. In case of  unmodified filler, an enhanced
temperature and surfactants added brought about some reduction of the paste viscosity, while effect of the KCl surface
modification by functional polyperoxide was more complicated. At room temperature such modification brought about
essential reduction of the paste viscosity (by 1.5-2 times) imparting them flowability; however after heating, these pastes
demonstrated a manifold growth in viscosity because of interaction of functional polyperoxide with macromolecules of
liquid rubber and the formation of interphase chemical bonds. Thus, preheating of the pastes containing polyperoxide-
modified filler allows to control their rheological properties.

Keywords: rheological properties, high-filled paste-like composites, particulate filler, surface modification of filler, liquid rubber,
surfactants, polyperoxide.

BIIJIUB ITOBEPXHEBOI MOJIM®IKAILIl IMCIIEPCHOI'O HAITOBHIOBAYA KCL
HA PEOJIOTTYHI BJIACTUBOCTI MOI'0 MACTOIOAIBHUX KOMITO3ULIIA

Osiexcangp B. Cyposues!?, AHToH M. [lonup’sinuit!, Buktop C. Tokapes?, Muxaiiso I1. [I'sueHko!,

Ouer M. llleBuyyk?, CtaHicaaB B. TokapeBs?
1/Tninposcbkuli HayioHaabHUl yHieepcumem imeHi Osecst [onyapa, np. F'azapuna, 72, m/JHinpo, 49010, Ykpaina
2 HayioHasvHull yHigepcumem «/Ibgigcoka nosnimexwikar, 8ya. C. bandepu, 12, m. JIvgis, 79013, Ykpaina

AHoTaniqa

OTpuMaHO BHCOKOHaANOBHEeHi macTonoAi6Hi kommno3suuii Ha ocHoBi gucnepcHoro KCl i pigkoro kay4dyky, BUBYeHO iX
peoJIorivyHi BJaCTUBOCTI 3 BAKOPUCTAHHAM POTaLiHHOT0 BiCKO3MMeTpa Ha CUCTeMi KOHYC-IIOLMHA. Y PO6GOTi pO3I/ISHyTO
BIJIMB Ha PeoJIOTil0 NacTONOAIGHUX KOMMNO3MLiM NPUPOAM i KOHLEeHTpalii NOBepXHEeBO-aKTUBHOI PeYOBHHH, a TAKOXK
nosepxHeBoi Moaudikanii yactuHok KCl pyHknioHa/ibHUM noJstinepokcigoM. Y pasi HeMoguPpUKOBAaHHOI0 HAMMOBHIOBa4a
NiBMILEHHA TeMIIePaTypPH i HAABHICTh NOBEPXHEBO-aKTMBHUX Pe4YOBUH NPUBOAUTD [0 3HMKEHHA B'A3KOCTI IacTH, B TOU
4yac gk edpekt mogudikanii nopepxHi KCl pyHknioHa/ibHUM nostinepokcigoM ckaajHimui. 3a KiMHaTHOI TeMnepaTypH
Taka Moaudikania NpuBOAMTL A0 iCTOTHOro 3HWKEHHA B'A3KOCTI Komno3unii (y 1.5-2 pa3u), 3a6e3neyyrydu Giabml
BHMCOKY TeKy4icTh; a momnepejHE TEPMOCTAaTyBaHHA IMX KOMMNO3MLIiiA 3a Gi/JblI BHCOKUX TeMmepaTyp NpPpUBOJAMTbH A0
iCTOTHOro 3poCTaHHs B'A3KOCTI 4Yepe3 B3aeMojil0 QyHKIiOHA/JIBHOrO MOJIiMEPOKCiJa 3 MaKpoMoOJieKyJaMH pigKoro
Kay4yKy i yTBopeHHI0 Mi>k¢a3HuX XiMiyHUX 3B'A3KIB. TakuM 4MHOM, IonepeHii HarpiB NacTonoAi6HUX KOMNO3UILil, 0
MicTATh MoAU(piKOBaHUI MOJIiNEPOKCUAO0M HAalOBHIOBAY, J03B0JISIE KOHTPOJIIOBATH iX PeOJIOTiYyHi BJIaCTUBOCTI.

Karwuoei csnoea: peoJioriyHi BJIACTUBOCTI, BUCOKOHAMOBHEHI NACTOMOAIOHI KOMMO3HWIIil, MOPOIIKONOAIOHUNA HalNoOBHIOBAY,
nmoBepxHeBa Mo M diKallis HAaOBHIOBAYA, PIIKUH Kay4yK, I0BEPXHEBO-aKTUBHI PEYOBHHH, NOJIITEPOKCH/I,
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BJIMAHUE MMOBEPXHOCTHOW MOJU®UKALIMU IUCIIEPCHOI'O HAIIOJIHUTEJIA KCL
HA PEOJIOTUYECKHUE CBOMCTBA EI'0O IACTOOBPA3HBIX KOMIIO3UIIUIA

Anekcanap b. CypoBues?, AuToH M. [losnbiBsiHbil!, BukTop C. TokapeB?, Muxaua I1. ibssyeHKo!,

Ouer M. llleBuyk?, CTanucsaas B. Tokapes?
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AHHOTaus

Ilo/lydyeHbl BBICOKOHAINOJIHEHHbIE MACTOOGPAa3Hble KOMNO3UIUM Ha ocHoBe gucnepcHoro KCl m xujkoro Kaydyka,
HU3y4YeHbI UX Pe0JIOTHYeCKHEe CBOKCTBA C UCNO0JIb30BaHMEM POTALMOHHOI'0 BUCKO3MMETPA HA CHCTEeMe KOHYC-TIVIOCKOCThb. B
paGoTe paccMOTPEHO BJMSHHUE HA PEOJIOTHI0 NMacTOOGPa3HbIX KOMMO3ULMHA NPUPOJABI U KOHIEHTPAIUH BBOAUMOIO
MOBEPXHOCTHO-aKTUBHOTO BeEIleCTBA, a TaKXKe MNoBepxHOCTHOH Moaudukanum dvacrur, KCl ¢yHKuuoHaIbHBIM
NMOJIMIEePOKCHAOM. B ciayyae HeMoaAMPUUMPOBAHHOrO HAMOJIHUTE IS MNOBbILIEHHE TeMNepaTypbl U HaJU4He
MOBEPXHOCTHO-aKTHUBHBIX BeIlleCTB NMPMBOJMT K CHIXKEHHMIO BA3KOCTHM NACThI, B TO BpeMs Kak 3¢ dekT Moagndukanuu
noBepxHocTd KCl ¢yHKIHMOHA/IBHBIM MNOJHMIEPOKCUAOM GoJiee coxeH. IIpy KOMHaTHOW TeMmepaTrype Takas
MoguduKanys NPUBOJUT K CYyIIeCTBEHHOMY CHHXKEHMI0 BA3KOCTH KoMmo3uuuil (B 1.5-2 pasa), o6ecneunBas 6ojiee
BBICOKYI0 TEKY4YeCTb; a IIpeiBapUTEIbHOE TEPMOCTATUPOBAHNE 3THX KOMIO3ULMI NpPH GoJiee BBICOKUX TeMIlepaTypax
NPUBOJAUT K CYIIECTBEHHOMY pOCTy BS3KOCTH H3-3a B3aUMOJAEWCTBHA (YHKIMOHATBHOTO MNOJUINEPOKCHAA C
MaKpOMOJIEKyJIJaMU >KUAKOro Kaydyyka M o0Opa3oBaHMs MexK(PasHbIX XUMHUYECKHMX CBa3eil. TakuMm o6GpasomMm,
npeABapHuTe/bHbII HarpeB MNacTOOGpasHbIX KOMNO3HMLMK, cojepKamwux MoAMGHUUIMPOBAHHBIM MOJMIEPOKCHIOM
HaIOJIHMTE b, 103B0JIAET KOHTPOJIMPOBATh UX peoJIoruyecKue CBOicTBa.

Kamwuesvle cao8a: peosorMYeCKHe CBOMCTBA, BBICOKOHANOJHEHHbIe MAacTO0Opa3Hble KOMIO3WIMH, MOPOLIKOOOPA3HbIN
HaIOJIHUTEJb, IOBEPXHOCTHas MoAMQUKALMSA HANOJHUTEJS, KUJKUH KaydyK, IOBEPXHOCTHO-aKTHBHbIE BeLIECTBa,
HOJIMIIEPOKCHU.

Introduction In the paste-like propellants, the main
component by content has to be an oxidizer
(oxygen-containing highly dispersed component),
among which ammonium perchlorate is the most
effective because of a high oxygen balance and
sufficient physicochemical stability. The latter is
mixed with combustible preferably organic
binder(e.g. with either an uncured low molecular
polymer or highly plasticized polymer) which has
the properties of a non-Newtonian fluid and provide
the ability of the composite to flow under loading.
To improve the energetic characteristics, the pasty
propellant may also contain up to 15 wt.% of
powdered metals (e.g. Aluminium, Magnesium,
Titanium, Boron) or other powdery and liquid
substances with a high enthalpy of formation of
oxidized products. Technological additives [10] can
be also added to pastes to provide the required
rheological characteristics and an appropriate
burning rate.

Despite the scientific approaches developed for
the systems based on highly dispersed mineral
particles and a binder material that finds reflection
in[11; 12], for paste-like composite propellants, the
problems of rheological behaviour can be solved
mostly via their experimental studies because of a
variety of the nature of components used, their
content, size and shape of the filler particles and the
state of their surface [13].

Promising and actual direction in development
of rocket technology is the creation of propulsion
systems working on the paste-like composite
propellants to provide their controllable operating
mode. These engines are well suited for multiple
restarts and shutdowns, as well as controlling the
traction characteristics required for high
manoeuvrability along the flight trajectory [1-3].
Interest in paste-like propellants is maintained also
due to easier adaptability of their production [4]
and higher safety in comparison to liquid and solid
propellants [5-7]. The use of such propellant
enables tochange manifold (up to 80 times) their
energetic parameters during regulation [8; 9]that is
achieved via a nonlinearity of the propellant
consumption versus pressure applied, which, in its
turn, obeys the non-Newtonian fluid flow law.

There are several main requirements to paste-
like propellants, namely, a high degree of filling (up
to 90 wt.%) to achieve high energy characteristics,
while maintaining a uniform distribution of mineral
particles in an organic binder; pastes should also
have flowability under loading, high density,
compositional resistance in a temperatures range
from -10 °C to +50 °C, sedimentation stability
during storage, low sensitivity to shock-kinetic
effects [1; 8].
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High energy characteristics of paste-like
propellants are achieved at a complete combustion
of their components (i.e. at zero oxygen balance)
that requires as high as possible filling degree of
composites by an oxidizing agent. It is a big
technological problem to reach high filling degree
because of insufficient wetting of the mineral filler
surface by organic binder, aggregative and
sedimentation instability of highly filled composites
and a sharp deterioration of their rheological
properties.

Some improvements in the filler mineral surface
wettability, aggregative and sedimentation
stability, as well as rheological properties of highly
filled composites can be achieved via adding the
proper surfactants and the filler surface
modification. This paper is aimed at investigation of
the effect of the surfactant nature and the filler
surface modification by polyperoxide on the
rheological behaviour of the pastes with a high
filling degree modelling a composite propellant. As
a model of paste-like propellants in this
investigation a composition with a high filling
degree (80 wt.%) based on a low-polarity liquid
rubber and particulate Potassium chloride was
chosen. This model was used to estimate the
possibility of obtaining highly filled composites that
have a sedimentation stability and flowability at
ambient temperatures due to a prior surface
modification of the filler in combination with the
use of surfactants, added to improve wetting of the
mineral filler surface by a binder, as well as to
reduce viscosity of the composites. This approach
was thought to allow increasing the volume fraction
of an oxidizer and metal powder that in turn should
increase the specific impulse of propellants, hence
improving both the processability and the
performance properties of the paste-like
propellants.

Experimental

The experimental evaluation of the rheological
properties of the paste-like model composites was
performed with the use of Potassium chloride (KCI)
instead of a real highly dispersed oxidizer. In
accordance with [10; 14], the former one is an inert
filler with the physicochemical characteristics
similar to ammonium perchlorate. As it was
aforementioned, for rheological investigations the
composites comprised a low-polarity liquid rubber,
particulate Potassium chloride (either pristine or
surface-modified), and surfactant were used.

Materials. KCl was purchased from Sigma-
Aldrich. It was dried at 100 °C to constant weight,
ground and fractionated before the use. For the
preparation of model pasty composites, the fraction
with the particle size of 45-63 um (as a base) was
exploited. Same fraction of Potassium chloride (45-
63 pum) was also used for the preparation ofa
surface-modified filler in accordance with the
approach outlined in [15; 16] and applyingthe
procedure described below.

As an additive improving the energy
characteristics of propellant an Aluminium powder
ASD-4 with an average particle size of 12.3 um was
used in the work.

The hydroxyl terminated liquid rubber SKD-HTR
with molecular weight of 2900 Da was appliedas a
binder in the model composites [17].

Adipic acid dinitrile (AAD) and poly(propylene
glycol) with a molecular weight of 480 Da (PPG)
were assessed as surfactants in the model
composites.

N CH3

Z
///\/\/ H\FOMISOH

AADPPG480

Monomers: butyl acrylate (BA, Merck) was
purified by double vacuum distillation; maleic
anhydride (MA, Merck) was purified by
recrystallization from chloroform; peroxidic
monomer 5-tert-butylperoxy-5-methyl-1-hexene-
3-yne (PM) was synthesized via method described
elsewhere [18] and vacuum distilled before the use.

Synthesis of the functionalized
polyperoxides. Functionalized polyperoxide (FPP)
with the structure shown in Figure 1 was
synthesized via radical terpolymerization of PM, BA
and MA at the total monomer concentration of 3.5
mol/lin acetone in the presence of lauroyl peroxide
as an initiator as described elsewhere [19]. The
structure, composition and some characteristics of
FPP are given in Figure 1.

The content of MA subunit in FPP was
determined by a reverse potentiometric titration of
carboxylic groups [20]. The content of peroxide
groups in FPP was calculated from the results of
gas-chromatographic analysis of the final
decomposition products obtained at the FPP
thermolysis at 483 K in a sealed ampoule under
argon blanket [21].

Number-average molecular weight of FPP was
determined by Gel Permeation Chromatography
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(GPC) using a Polymer Standard Service system
(PSS, Mainz, Germany) with MDS RI detector, a
50 mm GRAM precolumn and two 300 mm GRAM

_ - _
A——-CHy—C—————F-CH
(|:EC
(l:(CH3)2
|

columns(particle size - 10 pm) in DMF containing 1
g/l LiBr. Polystyrene standards were used for
calibration of this GPC setup.

—° \ /
O/
C4Hy n

1=19.1 mol%, m=34.9 mol%, n=46.0 mol%,

[O4e]=1.5-107 mol/g,

M,=12.7 kDa

Figure 1. Structure and properties of functional polyperoxide FPP

Surface modification of Potassium chloride.
The surface modification of the ground KCI was
achieved via FPP adsorption from its solutions in
ethyl acetate (EA) at the weight ratio of KCI to the
FPP solution as 1 : 4 and concentration of FPP (Cgpp)
of 0.050 or 0.125 mg per 1 g EA (Tablel). The
process was carried out at ambient temperature for
1 hour under continuous vigorous stirring using a
magnetic stirrer. Afterwards a liquid phase was
decanted out; the precipitate of KCl modified was
rinsed with a portion of pure ethyl acetate,
separated by decantation and dried till constant
weight under ambient conditions. The amount of
FPP adsorbed at the surface of ground KCl (Arpp)
was determined using elemental [C, H] analysis and

controlled by gravimetry.
Table 1
Characteristics of ground KCl modified by FPP

Crrpina  FPP:KCl ratio Content of peroxide
solution, in solution, groups [Oact]-106,
mg/g of EA mg/g Arpp, mg/gkcl mol/gkcl
0.050 2.0 2.0 31
0.125 5.0 4.9 7.5

Preparation of highly filled paste-like
composites. The procedure for preparation of
pasty composites involved several subsequent
stages:

- pre-heating of a batch of the liquid rubber SCD-
HTR at 50 - 60 °C to reduce its viscosity;

- addition of a pre-weighted amount of
surfactant to the rubber heated under vigorous
stirring of the mixture by a paddle stirrer with an
electric drive for 10 - 20 minutes and maintaining
temperature in the range of 50 - 60 °C;

- slow feeding by a small portions (totally 4-
5 portions) of required amounts of ground KCI and
aluminum powder into aforementioned mix under
continuous stirring and heating at 50 - 60 °C for 30-

40 minutes until obtaining a mixture with a visually
even distribution of all components;

- vacuum treatment of the final composites at
50°C for 2 hours under residual pressure of
0.04 MPa.

From the point of view of the methodology in
order to obtain the reproducible results, such
aspects as vacuumization and storage time of
composites prior to evaluating their rheological
properties are of high importance. Recently we have
found [22] that vacuumization of composites
brought about a decrease in their viscosity due to
the removal of gaseous inclusions. At the same time,
prolonged storage of composites caused an
insignificant increase in their viscosity, probably
because of a some structurization occurred in these
systems. Taking into account the above, the
rheology tests for all composites were carried out
under the same conditions, namely, one day after
their preparation and subsequent vacuumization.

Rheology tests of the highly filled paste-like
composites. Rheological studies of the composites
were carried out using a Reotest2 rotational
viscosimeter with a cone-plane system intended to
study flows of highly viscous liquids in the shear
stress range of 135 - 87000 Pa in the thermostating
cell maintaining a discrete sample temperatures of
30,40 and 50 °C [22].

Results and discussions

When preparing the paste-like composites based
on the low-polar liquid rubber SCD-HTR and the
pristine ground KCl filler, it was established that the
highest filling degree, at which these composites
had satisfactory values of plasticity and flowability,
reached 80 wt. %.
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Figure 2. Dependence of dynamic viscosity of the paste-like composites filled by pristine KCI on shear stress at
temperatures:1 - 30 °C; 2 - 40 °C; 3 - 50 °C.

At a higher filling degree, the composites became
crumbly, non-uniform in appearance and lost their
plastic flowability. All further investigations were
performed for composites with the total filling
degree of 80 wt. %. The effect of temperature in the
range of 305 °C on viscosity of the composites has
been estimated (Figure 2). The shape of rheological
curves is a typical for non-Newtonian fluids;
dynamic viscosity of composite drops down with
increasing shear stress. Temperature has a similar
effect; the composites become thinner at enhanced
temperatures.

The effect of surfactants on the viscosity of
composites. To increase plasticity of the
composites owing to enhancement of the mineral
filler surface wetting by a polymer binder (i.e. for
improvement of particle wettability), introduction
to their compositions of two alternative surfactants,
namely AAD and PPG, which differ in their polarity
essentially ,were considered. Each of these
surfactants was added to the composites in the
amounts ranged from 0.1 to 1.0 wt. % with respect
to overall composition weight with the total filling
degree of 80 wt. % (including 65 wt. % KCI and
15 wt. % Al). Figures 3 and 4 demonstrate effect of
the surfactants added on rheological behaviour of
the composites.

In both cases, a graduate decrease in the
composite viscosity with increasing amount of
surfactants added are clearly recognizable. It can be
supposed that both surfactants AAD and PPG are

readily adsorbed on the surface of mineral filler
reducing its surface energy thus improving
wettability by the organic binder SKD-HTR. That
causes formation of solvated layers around of the
filler particles and in turn weakening of an
interaction between filler particles, some
lubrication effect; that is reflected in the paste
viscosity decrease.

The effect of surfactant amounts added on the
rheology of composites is shown in Figure 5 for both
surfactants to compare their effectiveness under
the same conditions (T=30 °C and shear stress t=4
kPa). The surfactant content was varied in the range
of 0.1-1.0 wt. part. Analysing the experimental data,
it can be concluded that introduction of any of
surfactants in the amounts exceeding 0.5 wt. part
has no sense, since only a slight decrease in the
viscosity is observed with a higher surfactant
loading. AAD demonstrate a better performance as
compared to PPG.

A higher effectiveness of ADD can be explained
by the presence in its molecule of two highly polar
nitrile groups, which obviously should have a better
affinity towards the mineral filler surface compared
with the less polar hydroxyls present in PPG
macromolecules. Thus, ADD molecules should
interact more strongly with the filler surface,
forming a denser adsorption layer, and improving
the filler surface wettability by molecules of low-
polar SKD-HTR rubber.
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Figure 3. Dependence of dynamic viscosity of the paste-like composites filled by pristine KCI on shear stress at
different amounts of PPG added (wt. part): 1-0;2-0.1;3-0.3;4-0.5;5-1.0
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Figure 4. Dependence of dynamic viscosity of the paste-like composites filled by pristine KCI on shear stress at
different amounts of AAD added (wt. part): 1-0;2-0.1;3-0.3;4-0.5;5-1.0
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Figure5. Dependence of dynamic viscosity measured at 30°C and t=4 kPa for the paste-like composites filled by
pristine KCI on the nature and content of surfactants: 1 - PPG, 2 - AAD.
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Based on these results, in further investigations,
AAD in an amount of 0.5 wt. part was introduced
into all compositions as a surfactant.

Effect of the filler surface modification by
polyperoxide on rheological behaviour of
composites. To study the effect of the filler surface
modification on the rheology of composites, we
have prepared two samples of the ground KCl
modified by FPP, which differ in the amounts of the
adsorbed polyperoxide, namely 2.0 and 4.9 mg per
1g of filler (Table 1). Using these samples and a
sample of pristine ground KCl (all of the same
granulometric characteristics), three model paste-
like composites with similar compositions and the
total filling degree of 80 wt. % have been prepared,
which include 65 wt. % KCI (either modified or
pristine), 15 wt. % Al powder, 20 wt.% SKD-HTR
rubber, and 0.5wt.part of ADD added with respect
tooverall composition weight.

The important features of the surface-modified
KCl are a lower tendency to aggregation and better

320
300
280
260
240
- 220
200
180
160

1, Pa's

flowability, in contrast to the unmodified sample,
that was observed when preparing the composites.
It is worth mentioning that the KCl particles are not
completely encapsulated by a polymer shell in the
result of their surface modification. The complete
and rather rapid solubility of the surface-modified
KCl in water confirms this statement, indicating that
the FPP polymer shell is not tight (nonporous), at
least for the modification degree at the level of 2.0
and 4.9 mg/g. These results are in good agreement
with the conclusions of our previous investigations
that polyperoxides "...do not occupy the adsorbent
surface tightly; even in the case when the adsorbed
layer reaches saturation, the underground is
particularly reachable for water molecules' [23].
Nevertheless, such a modification has a significant
effect on therheology of composites with a high
filling degree (80 wt. %), as shown in Figure 6.

——1
——2

140

3 4 5 6

Agpp, MG/ i

Figure6. Effect of surface modification of KCl filler by FPP on the dynamic viscosity of the paste-like composites at
30 °C, under different shear stresses: 1 - 2 kPa; 2 - 4 kPa.

Figure 6 illustrates the summarized results of a
comparative rheological study of the composites
filled by the surface-modified and pristine KCI
fillers. As is clearly seen, an adsorption of FPP on the
surface of KCI particles brings about a decrease in
viscosity of the paste-like composites by about one-
quarter to one-third.

Such reduction is achieved already at a low
modification degree (2.0 mg/g); while the
increasing degree of the KCI modification up to
4.9 mg/g has a much lower gain in further thinning
of the composites. FPP contains reactive peroxide
groups, as it follows from its structure shown in

Figure 1. It can be supposed that the FPP adsorbed
at the filler surface can interact under certain
conditions with the macromolecules of matrix SKD-
HTR in composites through radical mechanism. As
the results, grafting of the SKD-HTR
macromolecules onto the surface of modified KCl
particles as well as cross-linking of the matrix can
occur. The probability of these reactions is as higher
as higher is temperature of preheating of the
composites prepared. Figure 7 illustrates the effect
of preheating temperature of the prepared
composite, filled by the surface-modified
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particulate KCl with FPP content of 2.0 mg/g, on
their rheology.

It is clearly seen a graduate increase in the
dynamic viscosity with enhancing the preheating
temperature; the viscosity of the paste-like
composite filled by FPP-modified KCl (2.0 mg/g) is

600
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500 )
450 6.
400
350
300
250
200
150
100

1, Pa's

more than doubled if the thermostating
temperature is enhanced from 50 °C to 100 °C. The
effect of preheating on the paste viscosity is more
pronounced for the KCl filler with a higher degree of
modification (Figure 8).

ml
A2
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*4
o5
®6

T, kPa

Figure 7. Plots of dynamic viscosity (at 30 °C) vs. shear stress for the paste-like composite filled by FPP-modified KCl
(2 mg/g) after thermostating at different temperatures: 1 - 50 °C; 2 - 60 °C; 3-70°C; 4-80°C; 5-90°C; 6 - 100 °C
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Figure8. The effect of the thermostating temperature on dynamic viscosity (at shear stress of 4 kPa) of the paste-like
composites filled by the modified KCI containing different amount of FPP adsorbed: 1 - 4.9 mg/g, 2 - 2.0 mg/g.

To interpret the obtained results (Figures 6, 7,
8), the following explanations should be taken into
account.

At the temperatures of preparation of paste-like
composites (50 - 60 °C,), the peroxide groups of FPP
remain quite stable, and under these conditions a
polymer shell, formed on the surface of the KCl
particles via FPP adsorption, improves their
wettability by the SKD HTR rubber and reduces an
internal friction in this highly filled system. Both

these phenomena reveal themselves as a decrease
in the composite viscosity (Figure 6).

A situation changes drastically when the paste-
like composites with modified KCl undergo
preheating at elevated temperatures (60 - 100 °C)
for a longer time. Under this condition, peroxide
groups decompose forming free radicals, including
the polymeric free radicals immobilized at the
surface of KCI filler particles. Further reactions of
the free radicals formed with double bonds present
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in macromolecules of the SKD HTR rubber cause
their grafting onto the surface of particles and
partial cross-linking of the rubber matrix. Both
these phenomena reveal themselves as an increase
in the composite viscosity and the higher the
preheating temperature, the higher the viscosity
(Figure 7 and 8). A slight effect of preheating
temperature on the viscosity of composites filled by
the pristine particulate KCl confirms the scenario
described above. The similar effect of the mineral
filler modification by polyperoxides on rheological
behaviour of the melt of polypropylene (PP)
composites filled by Mg(OH),was described in [24].
The composites of a pure PP filled by the surface
modified Mg(OH), filler demonstrated an
essentially higher melt flow as compared with the
similar composites filled by the pristine Mg(OH):
filler. There was also shown, that an introduction of
unsaturated compounds with double bonds into PP
compositions with the surface modified Mg(OH);
filler brings about an appreciable decrease of their
melt flow.

It should be noted that both effects, namely,
viscosity reduction and viscosity increase, are more
pronounced when the degree of the surface-
modification of the filler is higher; however, it is
more appropriate to increase the degree of
modification of the filler surface in order to thicken
the composition, but not for improving its
flowability. The possibility of correcting the
rheological properties can play a significant role, as
noted in [25], when using ready-made paste-like
fuel compositions in practice.

Conclusions

1. The highly filled paste-like composites
flowable at temperatures of 30 °C and above have
been obtained on the base of the liquid rubber SKD-
HTRwith thetotal filling degree of 80 wt. % using
AAD as a surfactant in the amount of 0.5 wt. part.

2. The surface modification of particulate filler
by functional polyperoxide demonstrates two very
distinguishing effects on the rheological behaviour
of paste-like composites, depending on conditions
of their preparation. In the paste-like composites
filled by modified particulate KCl and prepared at
50 - 60 °C, the FPP adsorbed on KCl particles
improves their wettability by the SKD HTR rubber
and reduces an internal friction thus significantly
reducing viscosity of the composites. But when
these pastes undergo preheating at temperatures in
the range of 60 - 100 °C, decomposition of FPP

followed by a sequence of radical reactions causes
the grafting and partial cross-linking of the rubber
matrix, that is reflected in a graduate increase of the
composite viscosity with enhancing preheating
temperature. Both abovementioned effects are
more pronounced when the degree of the surface-
modification of the filler is higher.

3. Thus, the surface-modification of the mineral
fillers by the functional polyperoxide and
subsequent preheating of their composites with
SKD HTR rubber is a new powerful approach to
control the rheological properties of paste-like
composites over a wide range that can be used for
preparing the rocket composite propellants with
improved characteristics.
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