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Abstract:

Present study in an emphasis of employing Nickel oxide (NiO) synthesized via large scale
synthesis throughself-propagating low temperature combustion reaction as a burn rate modifier
in composite solid propellant (CSP). Vielle’s law is employed to study the burn rate of the
formulated CSP. The results obtained from the synthesized NiO are compared with the reported
commercial Fe;03 and CUCRO. The results infer that the NiO is one among the potential

candidates to be employed as a burn rate modifier in CSP.
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1. Introduction:

NiO is synthesized and employed in various chemical reactions as a battery cathode, gas sensor,
electrochromic films, magnetic material, dye sensitized photocathodes [1], electronic devices,
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including catalyst since past 2 decades. Its applicability as a burn rate modifier is also well

known [2]. Various routes of synthesis to produce NiO are briefly given below.

Dharmaraj et al. 2006 have synthesized NiO nanoparticles using nickel acetate and poly (vinyl
acetate) precursor [3]. BahariMollaMahaleh et al. 2008 have adopted chemical precipitation
method to synthesize NiO nanoparticles and reported the effect of surfactant
(Polyvinylpyrolidone, polyethylene glycol and acetyl trimethyl ammonium bromide) on particle
size distribution [4]. Shah 2008 has synthesized NiO nanostructures without organic addition [5].
Fasaki et al. 2010 have reported the structural, electrical and mechanical properties of NiO thin
films grown by pulsed laser deposition [6]. Manohar A. Bhosle and Bhalchandra M. Bhanage
2015 have synthesized NiOnanorods through microwave assisted decomposition of nickel
acetate and reported the catalytic behavior of thus synthesized NiOnanorods in synthesizing
benzimidazole, benzoxazole and benzothiozole [7]. Rahdar et al. 2015 have synthesized NiO
nanoparticles by co-precipitating nickel chloride hexahydrate and sodium hydroxide
[8].Jeevanandam and Ranga Rao Pulimi 2012have reported the nanocrystallineNiOsynthesized
through sol-gel method and homogeneous precipitation method [9]. Lay Gaik Teoh and Kun-Dar
Li 2012 have synthesized NiO nanoparticles through surfactant (nonionic copolymer F108)
mediated sol-gel method [10].Nurul Nadia MohdZorkipliet al. 2016 have synthesized NiO
adopting sol-gel method using isopropanol and polyethylene glycol [11].ElI-Kemaryet al. have
synthesized NiOnanoparticles employing thermal decomposition of nickel hydroxide
nanoparticles and applied as glucose sensor. Muhammad Imran Din and Aneela Rani 2016 have
synthesized NiO nanoparticles through green synthesis from plant extracts, microbial extracts
and naturally occurring biomolecules and reported the antimicrobial property of thus synthesized

NiO nanoparticles [12].

Researchers have synthesized NiO in nano scale with different physical forms which includes
nanoparticles, nanorings, nanosheets, nanoribbons and hollow nanospheres and applied them for
different purposes depending on their needs. All the reports to date describe about small scale
synthesis ofNiO nanostructures. Recently Vijayadarshan et al. 2017 have communicated the
large scale synthesis and characterization of NiO nanoparticles employing low temperature self-

combustion route [13].

5603 Www.ijariie.com 3318



Vol-3 Issue-3 2017 IJARIIE-ISSN(O)-2395-4396

Metal oxides synthesized through low temperature self-combustion reaction possess uniform
particle size, high surface areas and the reported SEM images shows the uniform morphology of
the particles [14-18].Thus synthesized metal oxides are employed in preparing polymer
nanocomposites and the results of characterizations show homogenous distribution of particles
throughout the polymer matrix [19-22]. This peculiar behavior encouraged us to use the large
scale synthesized NiO nanoparticles via low temperature self-combustion reaction in formulating
CSP where HTPB is a polymer used to maintain homogeneity of the propellant. Metal oxide
nanoparticles are known for their catalytic activity as burn rate modifiersin the formulation of
CSP. Iron oxide (Fe;03)[23], copper chromite (CUCRO) [24], titanium oxide(TiO;) [25]etc. are
the metal oxides which are being widely used by industries to formulate CSPs. NiO
nanoparticles are also used as burn rate modifier in double base propellantformulations. The burn
rate results of formulated CSP are higher to that of burn rate obtained for CSP without metal

oxides.
2. Materials and methods:

NiO nanoparticles synthesized via low temperature self-combustion reaction [13] are employed
to formulate CSP. The formulation of CSP with NiO involves homogeneous mixing of 9.5+2%
HTPB (Energetic Binder), 18+2% of Aluminium (fuel), 69+2% of Ammonium Perchlorate
(Oxidizer) (AP), 1.0+0.5% of NiO (Ballistic modifier). The composition is mixed with
Butanediol (BDO) as a linking agent of the binder, dioctyladipate (DOA) as a plasticizer, toluene
di-isocyanate (TDI) as a curing agent and lecithin is a processability improver in formulating
CSP. The mixture is mixed well for homogeneity in a sigma mixer [23-24]. Trimodel addition
(addition of coarse, fine and ultrafine) of AP is adopted which assisted in achieving compactness
and consolidation to the CSP. The same CSP composition with commercial Fe,O3 is prepared
and used for comparison. Cured CSP is cut into strands of 6.0X6.0X120.0 mm to test burn rate
using Crawford bomb strand burner. The CSP is further cut into dumbbell shape with 4.0 mm
thickness and 6.0 mm widthto perform mechanical testing of CSP. The sample preparation for all
the tests carried out as per American Society for Testing and Materials International (ASTM)
standards [26]. Formulation of CSP along with burn rate tests andmechanical property tests are
carried out at Premier Explosives Limited, Hyderabad, India.
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3. Results and Discussion:

The NiO added CSP is tested for burn rate under a pressure range of 4.90 — 8.83 MPa at room
temperature. The results are shown in the form of pressure vs burn rate graphs drawn employing
Vielle’s law [27]. The graphs show a burn rate of 6.83 mm/sec at the initial pressure of 4.90 MPa
and increased to 8.99 mm/sec at the pressure of 8.83 MPa. Whereas the burn rate for CSP
without metal oxide (WOMO) is 6.82 mm/sec at the initial pressure of 4.90 MPa and increased
to 8.36 mm/sec at 8.83 MPa pressure. The graph shown in figure 1 clearly infers the increased
burn rate of CSP with NiO addition. The pressure exponent calculated employing Vielle’s law
for the CSP with NiO is 0.462 while for CSP WOMO is 0.351. Vielle’s law for calculating

pressure exponent is given in equation 1.

r=a(Pc)" —1
= NiO
e WOMO
=
R | = .

Bum Rate (mm/sex)

Pressure (MPa)

The comparative study of burn rates of CSP burn rates where CUCRO and NiO are taken as burn
rate modifiers is shown in figure 2. The results describe the similar mode of increment in burn
rate for CSP withNiO as that of CSP with Fe,O3; andCUCRO but with less burn rate.
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CSP with NiO shows a tensile strength of 3.814 MPa at a maximum force of 37.4 N, which is
almost 250% when compared with the value reported by Bose and Pandey 2012. The %
elongation for the CSP with NiO is 11.23, which matches the results obtained by Bose and
Pandey 2012. The E-modulus for the CSP with NiO is 16.27 MPa. The E-Modulus reported by
Bose and Pandey 2012 with the same CSP composition with Fe,Osis 3.344 MPa.The increased
E-modulus of CSP with NiO when compared with that of reported CSP with Fe,O3 infers the
high loading capacity of CSP with NiO. The shore hardness for CSP with NiO is 84. The
decreased burn rate when compared to that of CSP with commercial Fe;O3 or CUCRO is
reported for CSP with NiO. The catalytic behavior of NiO in oxidation of Al and HTPB are
given in figure 3 the graphical abstract.
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4. Conclusion:

The CSP is formulated by employing NiO nanoparticles synthesized in large scale via low
temperature self-combustion route as ballistic modifier. The NiOnanoparticles show agood
catalytic property as burn rate modifier in CSP. Although the burn rate for CSP with NiO is
lesser than CSP with Fe,O3 or CUCRO theimproved mechanical properties when compared to
the reported have gained the attention towards employing NiO nanoparticles as burn rate
modifier in CSP formulation. Transition metal oxides having higher oxidation state metals or
metal ions with different oxidation states have showed even higher burn rates. Lower oxidation
state and availability of single oxidation state throughout the catalyst may be the reason for such
low burn rate of CSP with NiO.
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