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ABSTRACT

Nitrocellulose also known as a gun cotton is produced through nitrating process.
Currently, Malaysia is still buying gunpowder from other countries for our small
arms industry. This scenario does not give a good strategic effect on our defence
policy. Malaysia’s survival when facing a prolonged crisis will not be at its optimal
defensive capacity. Malaysia will face the possibility of running out of ammunition
due to supply blockades from enemies and their possible allies. However, Malaysia
has a lot of resources that can be used as a defence lifeline. In Malaysia, there are a
lot of farm wastes, trees and other fibres that can be processed as nitrocellulose
through the process of pulping, bleaching and nitrating. Through this process, a
propellant grade nitrocellulose can be produced. This study is mainly done to
investigate the powder or propellant charge effect in terms of kinetic energy and
calorific value of the small arms bullet using Nitrocellulose, extracted from
Rhizophora Apiculata, Kenaf Bast and Palm Oil Empty Fruit Bunches (EFB). After
nitrocellulose was successfully produced, it was tested through firing test. The in-
house nitrocellulose produced was then compared with Rounds 5.56mm Ball
(M193) Gunpowder in terms of muzzle velocity and kinetic energy produced. The
findings revealed that raw nitrocellulose with nitrogen content 10.8% to 11.4% can
be produced through this study. The nitrocellulose surprisingly produced the
average reading of 39% higher for muzzle velocity and 63% higher for kinetic
energy when tested at Ballistic Lab of STRIDE Batu Arang, Selangor. Thermo
Gravimetric Analysis (TGA) and Differential Scanning Calorimetric (DSC)
measurement were also carried out to further investigate the properties and purity
of nitrocellulose. This shows a great opportunity for Malaysian defence industry to
develop new sources for the most important part of weapon, which is the propellant
itself.



ABSTRAK

Nitroselulosa yang juga dikenali sebagai “gun cotton” dihasilkan melalui proses
nitrating. Pada masa ini, Malaysia masih mengimport serbuk letupan dari luar
dalam industri peluru senjata kecil. Kebergantungan ini secara strategik tidak
memberi kesan yang baik kepada dasar pertahanan kita. Yang membuat
kemandirian pertahanan kita tidak berada pada tahap yang tertinggi jika sebarang
krisis tercetus. Kita berhadapan dengan risiko kehabisan peluru disebabkan oleh
sekatan bekalan dari musuh dan sekutunya. Walau bagaimanapun, kita mempunyai
sumber-sumber yang banyak dan boleh digunakan sebagai talian hayat kita setelah
melalui beberapa proses. Walau bagaimanapun. Malaysia mempunyai banyak sisa
pertanian, pokok dan serat lain yang boleh diproses sebagai nitroselulosa melalui
proses pulpa, pelunturan dan penitratan. Melalui proses ini nitroselulosa gred bahan
peledak boleh dihasilkan. Kajian ini dilakukan terutamanya untuk menentukan
kesan pengisian serbuk atau propelan dari segi tenaga Kkinetik dan nilai kalori
peluru senjata kecil menggunakan Nitrocellulose, yang diekstrak dari Rhizophora
Apiculata, Kenaf Bast dan Tandan Buah Kelapa Sawit (EFB). Selepas nitroselulosa
berjaya dihasilkan, ia akan melalui ujian tembakan. Nitroselulosa akan
dibandingkan dengan serbuk letupan Rounds 5.56mm Ball (M193) dari segi halaju
dan tenaga kinetik yang dihasilkan. Penemuan mendapati nitroselulosa mentah
dengan kandungan nitrogen 10.8% kepada 11.4% dapat dihasilkan melalui kajian
ini. Amat mengejutkan apabila nitroselulosa mentah yang diproses menghasilkan
purata 39% halaju lebih tinggi dan 63% tenaga kinetik lebih tinggi daripada serbuk
letupan Rounds 5.56mm Ball . Pengukuran Analisis Thermografimetrik (TGA) dan
Kalorimeter Pengimbas Kebedaan (DSC) juga dilakukan untuk menentukan sifat-
sifat dan keaslian unsur nitroselulosa. Ini menunjukkan peluang yang besar kepada
industri pertahanan untuk membangunkan sumber baru bagi bahagian yang paling
penting dalam senjata iaitu bahan dorongan dan peledak itu sendiri
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CHAPTER 1

INTRODUCTION

1.1  Project Background

A main element for modern gunpowder used is sulphur alongside with charcoal as
a fuel and saltpetre (potassium nitrate) as its oxidizer. Almost all elementals
sulphur are produced as a by-product of removing sulphur-containing contaminants
distilled from natural gas and petroleum. In the decline of natural resources such as
petroleum, a new invention must be created to ensure the survival of projection
power especially in small arms use. Lately, the number of elements that are used to
produce black powder are showing sharp decline in production. The most obvious
factor is oil usage worldwide, where the usage has increased but the oil supply can
only meet 95% of it. (EIA, Annual Energy Review 2005) as depicted in Figure 1.1.

As compared with gunpowder (black powder), modern nitrocellulose explosive can
be characterised by great increase in power, giving an enormously greater range,
flatter trajectory and better penetration to projectile fired from rifles or artillery
(Tadeusz Urbanski, 1965). The idea of having uniqueness not to produce smoke in

firing is to cover up exact position of firing (Campbell, 1985).
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Figure 1.1 US Energy Consumption Production and Imports 1949-2005 (EIA,
Annual Energy Review 2005)

This study is mainly done to investigate the powder or propellant charge effect in
terms of kinetic energy and calorific value of the small arms bullet using
Nitrocellulose sample extracted from Rhizophora Apiculata, Kenaf Bast and Palm
Oil Empty Fruit Bunches (EFB). It involves the comparison of Nitrocellulose
sample and Gunpowder from Rounds 5.56mm Ball (M193) in term of bullets
velocity and kinetic energy. Firing test is conducted at STRIDE Batu Arang to
analyse the actual propellant performance. Besides, calorimetry test, Thermo
Gravimetric Analysis (TGA) and Differential Scanning Calorimetric (DSC)
measurement were also carried out at FRIM Kepong to further investigate the

properties of nitrocellulose.

1.2 Problems Statement

a. Black powder is the main propellant that has been used in small arms
cartridge. However, main element of the black powder viz. sulphur is
predicted to be more expensive in relation to the world oil and natural

gas shortage crisis in the future. Therefore, a new element for



propellants must be produced as an alternative material to back up the
shortage of sulphur in future.

b. There is lack of literature particularly on method of processing pure
nitrocellulose from our local raw materials. Therefore, it is anticipated
that nitrocellulose-based materials extracted from Rhizophora
Apiculata, Kenaf Bast and Palm Oil Empty Fruit Bunches (EFB) could
have high probability to be used as propellant.

1.3  Objectives

This study is an attempt to produce the best composition chart of nitrocellulose and

gunpowder to enhance firing distance and performance.

The specific objectives of this research are:

a. To extract a-cellulose from Rhizophora Apiculata, Kenaf Bast and
Empty Fruit Bunch (Palm Oil) and process a-cellulose into
nitrocellulose.

b. To determine the performance of nitrocellulose-based compared with
gun powder as a propellant in Rounds 5.56mm Ball (M193).

c. To appraise the calorific value and thermal properties of the produced

nitrocellulose.

1.4  Research Scope

It is too vast for any single research work under a given time to cover all the
variables that are related to the internal ballistic. This project therefore will only

focus on certain properties of the system.

1.  Literature review on propellant of Rounds 5.56mm Ball (M193),
nitrocellulose and related information.
2. Raw materials involved in producing nitrocellulose are Rhizophora

(Hardwood), Palm Qil Bunches - Empty Fruit Bunches and Kenaf Bast



(Soft Wood).

3. Main values to be compared are velocity and kinetic energy of bullets
propelled by produced Nitrocellulose with a gun powder. The type of
gun powder used in this research is Rounds 5.56mm Ball (M193).

1.5  Significance of Research

The findings of the study will reveal the capability of produced nitrocellulose as a
gun powder. In this research, a comparison of the same mass of nitrocellulose and
gunpowder was done to find out which propellant is able to produce longer
distance and greater impact. Besides that, the findings will enable the arms industry
to use resources that are easier to find compared to resources that are required in
producing black powder. It also can improve the sustainability of natural resources
for ammo manufacturing as we are able to produce our own propellant using
industrial and farming waste. This new application of smokeless gunpowder using
nitrocellulose makes troops especially snipers more difficult to be detected by our

enemy while at the same time improves our safety and security level.

1.6  Expected Outcome

From this study, the main objective is to find out the performance and capability of
produced nitrocellulose from various samples such as Rhizophora (Hardwood),
Palm Oil Bunches (Empty Fruit Bunches) and Kenaf Bast (Soft Wood) compared
to gunpowder in terms of velocity, calorific value of bullets and kinetic energy
produced. This shows a great opportunity for Malaysian defence industry to
develop new sources for the most important part of weapon, which is the propellant

itself.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Involvement in any modern war is not possible without ammunition. The usage of
ammunition is vital in any offensive or defensive actions to be taken by any forces
in the world. This issue must be taken into consideration especially when
determining force capability as well as the opposition.

This chapter elaborates about the firearms including its cartridges and propellant. In
term of producing nitrocellulose aspects, the process started from classification of
raw material, preparation and production cellulose until nitrocellulose obtained as

well as equipment and the processes involved are also explained in this chapter.

2.2 Firearms

Small firearms is defined as a firearm that is light, mobile and has high rapidity or
easy to reload for the purpose to be used by individual user. There are many types
of firearm but it consists of two main parts, which are the firing mechanisms and

cartridge. Malaysian Armed Forces general issue weapons such as Colt M4A1l



