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SOLID PROPELLANT COMPOSITION
AND ITS EFFECT ON THE LAUNCH
PERFORMANCE OF MODEL ROCKETS

Karimov Mustafo Aminboevich

Acting Associate Professor, Department of Automation
and Technological Processes

E-mail: mustafokarimov@gmail.com

Berdiyev Usmon Tolib o‘g‘li
Yangiyer Branch of the Tashkent Institute of Chemical Technology
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Abstract. This paper analyzes the composition of potassium nitrate—sugar (KNSU/KNSB) solid propellants
widely used in model rocketry and examines catalytic additives that influence their burn rate. Although
conventional catalysts such as iron(lll) oxide (Fe,03) are well established, this study considers tobacco ash as
a potentially cost-effective and environmentally beneficial alternative. Tobacco ash is a waste-derived biomass
material containing calcium carbonate (CaCO3), potassium carbonate (K,CO3), and trace amounts of metal
oxides. Propellant samples prepared under laboratory conditions were evaluated through static-thrust tests and
flight simulations. Under the tested laboratory conditions, the tobacco-ash-containing formulations exhibited
higher measured burn-rate, thrust, and specific-impulse values than the control and conventionally catalyzed
formulations. The observed effect may be associated with the influence of carbonate compounds in the ash on
the thermal decomposition behavior of KNO3z and the kinetics of the exothermic reaction. The findings suggest
that tobacco ash may serve as a promising burn-rate modifier and waste-derived catalyst for model-rocket
propellants.

Keywords: model rocketry, solid propellant, potassium nitrate—sugar propellant, tobacco ash, biomass-
derived catalyst, burn rate, specific impulse.

Annotatsiya. Ushbu maqgolada model raketasozlikda keng qgo‘llaniladigan kaliy nitrat—shakar asosidagi
(KNSU/KNSB) gattiq propellantlarning tarkibi tahlil qilinib, ularning yonish tezligiga ta’sir ko‘rsatuvchi katalitik
go‘shimchalar o‘rganilgan. Temir(lll) oksidi (Fe,03) kabi an’anaviy katalizatorlar keng qo‘llanilishiga gqaramay,
mazkur tadqigotda tamaki kuli potensial ravishda igtisodiy jihatdan samarali va ekologik jihatdan foydali mugobil
sifatida ko‘rib chigilgan. Tamaki kuli tarkibida kalsiy karbonat (CaCO3), kaliy karbonat (K,CO3) va oz miqdordagi
metall oksidlari mavjud bo‘lgan, biomassadan hosil bo‘luvchi chigindi materialdir. Laboratoriya sharoitida
tayyorlangan propellant namunalari statik tortish kuchi sinovlari va parvoz simulyatsiyalari orqali baholangan.
Sinovdan o‘tkazilgan laboratoriya sharoitlarida tamaki kuli qo‘shilgan tarkiblar nazorat namunasi va an’anaviy
katalizator qo‘shilgan tarkiblarga nisbatan yonish tezligi, tortish kuchi hamda solishtirma impuls bo‘yicha
yuqoriroq o‘lchangan ko‘rsatkichlarni namoyon etgan. Kuzatilgan ta’sir kul tarkibidagi karbonat birikmalarining
KNO3 ning termik parchalanish xususiyatlari va ekzotermik reaksiya kinetikasiga ta’siri bilan bog'‘liq bo‘lishi
mumkin. Olingan natijalar tamaki kulidan model raketalari uchun mo'ljallangan propellantlarda istigbolli yonish
tezligi modifikatori va chiqindi biomassadan olinadigan katalizator sifatida foydalanish mumkinligini ko‘rsatadi.

Kalit so‘zlar: model raketasozlik, gattiq propellant, kaliy nitrat—shakar propellanti, tamaki kuli, biomassadan
olinadigan katalizator, yonish tezligi, solishtirma impuls.

AHHOTauus. B crtatbe aHanusmpyetcsi coctaB TBEPAbIX PAKETHbIX TOMMMB HA OCHOBE HUTpaTa Kanwus
n caxapa (KNSU/KNSB), WMPOKO MPMMEHSIEMbIX B MOAENbHOM PaKETOCTPOEHWUU, a TaKKe UccneayrTcs
KaTanuTuyeckne [obaBku, BRAMSIOLLME Ha CKOPOCTb WX ropeHusl. HecMoTps Ha LUMpOKOoe MpUMEHEHUE
TPaAMLMOHHbIX KaTanu3aTopoB, Takux kak okcug xxenesa(lll) (Fe,03), B JaHHOM uccneaoBaHum TabayHas 3ona
paccMaTpuBaeTCs B Ka4eCTBe NOTEHUMANbHO SKOHOMUYECKN 3HPEKTUBHOM M SKOIOrMYECKM LienecoobpasHom
anbTepHaTMBbl. TabayHasa 3oma npeacTaBnseT cobor oTxon Guomacchl, copgepkawmin kapboHaT KanbLums
(CaCO3), kapboHaT kamma (K,COz) m cregoBble KonmuvecTBa oOKcuaoB MetannoB. O6pasubl Tonnvea,
MOArOTOBMEHHbIE B NTAGOPATOPHbIX YCIOBUSX, OLEHNBANMCbL NOCPEACTBOM CTATUYECKMUX TATOBbLIX UCMbITAHWNA
N MoAenMpoBaHus nonéta. B nccrneqoBaHHbIX TabopaToOpHbIX YCNOBUSX COCTaBbl ¢ fobaBneHMeM TabayHom
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30Mbl NPOAEMOHCTPUPOBanNu Gonee BbICOKME U3MEPEHHbIE 3HAYEHUSI CKOPOCTM FOPEHUs, TArM U yOEenbHOro
UMMynbca MO CPaBHEHMWIO C KOHTPOSbHbIM Y TPAAULMOHHO KaTannsnmpoBaHHbIMK cocTaBaMu. Habnogaembii
apbeKkT MOXeET ObITb CBA3AH C BIUAHMEM COAEPXKALLMXCH B 30/1€ KapOOoHaTHbIX COEQMHEHUN Ha XapakTep
TepmMmyeckoro pasnoxeHus KNOs 1 KWHETUKY 3K30TEPMUYECKON peakumm. MNMonyyeHHble pe3ynbraThbl NO3BOMSOT
npeanonoxuTb, YTo TabadyHas 30/1a MOXET MCMONb30BaTbCs B KayecTBe NEPCNEKTMBHOIO MopudukaTopa
CKOPOCTW FrOpEeHns 1 KatanmsaTopa 13 OTXo40B GMoMacchl Asst TONSMB MOLENMbHbIX PaKeT.

KnioueBble crnoBa: MoAenbHOE PakeTOCTPOEHWE, TBEPAOE PaKETHOE TOMMBO, TOMIMBO HA OCHOBE
HUTpaTa Kanus u caxapa, TabadHas 3ona, katanusaTop 13 bromacchl, CKOPOCTb FOPEHUS, YAENbHbINA MMMNYSIbC.

INTRODUCTION

Model rocketry is an interdisciplinary field of engineering that integrates principles of aerodynamics,
thermodynamics, and chemistry. Propellant composition and physical properties play a central role in determining
a model rocket’s thrust, flight altitude, and operational reliability. One of the most commonly used propellant
formulations in amateur rocketry is a solid propellant based on potassium nitrate (KNO3), in which potassium
nitrate is used as an oxidizer, and a carbohydrate, such as sugar or sorbitol, is used as fuel. This composition
is usually referred to as KNSU (Potassium Nitrate—Sucrose) or KNSB (Potassium Nitrate—Sorbitol).

During the reaction, KNO3; breaks down under the action of heat and releases oxygen, which, in turn,
enters into an exothermic reaction with carbohydrates, forming products such as nitrogen, carbon dioxide,
water vapor, and potassium carbonate. The total thermodynamic indicator of this reaction—the amount of heat
emitted—directly determines the specific impulse (Isp) and combustion rate of the fuel.

Burn-rate control is one of the key factors in determining the performance characteristics of a rocket motor.
If the burn rate is too low, the motor may not generate sufficient thrust; if it is excessively high, the chamber
pressure may exceed the permissible operating range and increase the risk of structural failure. Therefore,
catalytic additives used to regulate the burn rate play an important role in both model-rocketry applications and
industrial solid-propellant engineering.

The catalytic effect may be associated mainly with two mechanisms: changes in the thermal decomposition
behavior of KNO3 and the formation of heterogeneous reaction sites at the combustion front. Iron(lIl) oxide (Fe,05)
and manganese dioxide (MnO,) are conventional catalysts that operate through such a mechanism. However,
due to the high cost and limited availability of these substances, the search for alternative, inexpensive, and
environmentally friendly materials remains a relevant research objective. In this context, the waste product—
tobacco ash—was studied as a potential catalyst, since it contains high concentrations of alkali- and alkaline-
earth-metal carbonates, including K,CO3; and CaCO3, which can accelerate heat transfer by forming a flux
(molten phase) during combustion.

LITERATURE REVIEW

Much of the research conducted on model-rocket propellants over the past two decades has focused on
optimizing the combustion kinetics of KNSU/KNDX (potassium nitrate—dextrose) compounds. Many authors
have shown that the effect of the size and concentration of iron oxide particles on the combustion rate is not
linear; rather, the maximum catalytic effect is generally observed at a specific optimal percentage, usually within
the range of 1-3%.

In these studies, reducing the particle size of iron oxide to the nanoscale has been reported to enhance
catalytic activity, although the use of nanoparticles may increase production costs. Some studies indicate that
manganese dioxide (Mn0,) may exhibit a stronger catalytic effect than iron oxide under certain conditions.
However, its use may also increase hygroscopicity during processing, potentially affecting moisture resistance
and the long-term storage stability of the propellant.

However, in recent years, the number of studies on the application of biomass ash as an alternative
functional material in the fields of energy and materials science has been increasing. Notably, alkaline metal
compounds derived from agricultural waste and wood ash have been successfully used in various industrial
processes—for example, as catalysts in biodiesel production. However, most research in this area has focused
mainly on agrochemistry and environmental protection rather than on energy materials.

Thus, the potential of waste biomass ash, particularly tobacco ash, as a catalyst in solid rocket propellant
has received limited attention in the available literature. The high calcium carbonate and potassium carbonate
content of tobacco ash, combined with its affordability and widespread availability, provides grounds for
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considering it a candidate capable of filling this gap. This study represents a preliminary experiment in this
direction.

RESEARCH METHODOLOGY

The study was carried out in three stages: component preparation, catalyst incorporation, and propellant-
grain casting and drying.

Phase 1: Component preparation. Technical-grade potassium nitrate (KNOz, purity 299%) was ground for
30 minutes using a ball mill under laboratory conditions to form a powder with an average particle size of less
than 100 microns. Sucrose was selected as the carbohydrate component because it provides a casting density
similar to that of sorbitol and is readily available. KNO; and sugar were measured in a 65:35 weight ratio,
corresponding to the standard KNSU formula.

Phase 2: Safe incorporation of the tobacco-ash catalyst. Tobacco ash was preheated for 1 hour at a
temperature of 300 °C, cleaned of organic residues, and passed through a fine 200-micron sieve. It was
then added at three different concentrations—1%, 2%, and 3%— relative to the total propellant mass, making
it possible to determine the optimal concentration. Each sample was prepared in a separate batch. For
comparison, a catalyst-free control sample and a conventional sample containing a 2% Fe,03; additive were
also prepared in parallel.

Phase 3: Casting and drying. The mixture was gradually melted using a low-power heat source at
approximately 100 °C while being stirred continuously and was then poured into a cylindrical mold. The
propellant grain was cooled slowly for 24 hours at room temperature, followed by drying in a chamber at a
reduced humidity level for 48 hours. The density and degree of cracking of each sample were assessed using
visual and gravimetric methods.

Two types of tests were performed on the prepared samples: (1) a static stand test, in which the engine
was connected to a thrust sensor in a stationary position, and a thrust-time graph was recorded; and (2) a flight
test, in which flight-altitude and acceleration data were collected using an engine mounted on a model-rocket
airframe.

ANALYSIS AND RESULTS

The measured values differed among the tested formulations among the three main groups: the standard
composition, the composition containing the conventional Fe,05; catalyst, and the composition containing the
newly proposed tobacco-ash catalyst. The table below presents the average results for each group, based on
tests repeated three times.

Table 1. Experimental performance indicators of the tested propellant formulations!

IJKOHOMHMUKA ECONOMY

Propellant formulation Catalyst/additive Burn rate, mm/s Specific impulse, s Maximum thrust, N
Control formulation None 6.4 131 44.8 |
[
Fe.Os-catalyzed o

i Fe20s, 2% 8.1 141 57.6 O

Tobacco-ash formulation Tobacco ash, 1% 7.5 138 52.3 ::
Tobacco-ash formulation Tobacco ash, 2% 8.9 146 61.9 ‘ )
Tobacco-ash formulation Tobacco ash, 3% 9.7 152 67.4 e

As shown in the table, the formulation containing 3% tobacco ash exhibited higher burn-rate and specific-
impulse values than the formulation containing the conventional Fe,0; catalyst. One possible explanation for
this result is that calcium carbonate and, particularly, potassium carbonate in tobacco ash may contribute to the
formation of a molten phase at relatively low temperatures. This molten phase may increase the contact area
between the solid and gaseous phases at the combustion front and thereby improve heat and mass transfer
within the reaction zone. In addition, K,CO; may contribute to ion transport and heat transfer in the reaction
zone, potentially facilitating the thermal decomposition of KNO3; and lowering the effective activation barrier of
the decomposition process. Consequently, the thermal decomposition of KNO3; may occur more readily and
proceed at a higher rate, contributing to the observed increase in the overall burn rate.

1 Source: compiled by the authors based on the experimental results.
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Itis also hypothesized that trace iron and copper oxides, together with potassium-containing mineral phases
present in tobacco ash, may act as additional heterogeneous catalytic sites and thereby influence radical-
chain reactions during combustion. However, further thermal, mineralogical, and spectroscopic analyses are
required to confirm the proposed mechanism. The static-thrust test results were consistent with the flight-test
observations: the model rocket powered by the formulation containing 3% tobacco ash reached a peak altitude
approximately 22% higher than that achieved with the control formulation. This difference may be associated
with the higher measured thrust and specific-impulse values of the tobacco-ash-containing formulation.

CONCLUSION AND SUGGESTIONS

The experimental results indicate that tobacco ash may serve as a potentially effective burn-rate-modifying
additive in solid propellants intended for model-rocketry applications. Under the tested conditions, the formulation
containing 3% tobacco ash exhibited higher measured burn-rate, thrust, and specific-impulse values than both
the control formulation and the formulation containing iron(lll) oxide. This effect may be associated with the
carbonate compounds and trace mineral phases present in the ash, although further thermal and spectroscopic
analyses are required to confirm the underlying mechanism.

The low cost, availability, and waste-utilization potential of tobacco ash suggest that it may represent a
technically, economically, and environmentally promising alternative additive. Future studies should examine
the effects of particle size, chemical and mineralogical composition, batch-to-batch variability, storage stability,
and repeated testing under controlled conditions.
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