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4AKING฀INTO฀CONSIDERATION฀TONNAGE�฀THE฀BIGGEST฀PART฀OF฀THE฀WORLD฀
PRODUCTION฀HAVE฀OLEFIN฀POLYMERS฀AND฀AMONG฀THEM฀POLYETHYLENE฀AND฀
POLYPROPYLENE�฀2EGARDING฀THEIR฀PROPERTIES�฀POLYOLEFINS฀ARE฀VERY฀DIVERSE฀
GROUP฀OF฀POLYMERS�฀EACH฀POLYMER฀OCCURS฀IN฀AT฀LEAST฀FEW฀TYPES�฀THIS฀IS฀
WHY฀WE฀CAN฀FIND฀POLYMERS฀IN฀SOLID฀AND฀LIQUID฀STATE�฀HARD�฀BRITTLE�฀FLE

XIBLE�฀"ASIC฀POLYMERS฀PROPERTIES฀CAN฀BE฀ADDITIONALLY฀ CHANGED฀BY฀ THE฀
USE฀ OF฀ FILLERS฀ AND฀ MODIFIERS�฀ "ECAUSE฀ OF฀ THAT�฀ POLYOLEFINS฀ ARE฀ A฀ GOOD฀
BASE฀FOR฀OBTAINING฀MATERIAL฀WITH฀THE฀DESIRED฀PROPERTIES�฀4HE฀POSSIBILITY฀
OF฀REGULATION฀OF฀PHYSICO
CHEMICAL฀PROPERTIES฀IN฀A฀WIDE฀RANGE�฀RELATIVELY฀
LOW฀PRICE฀AND฀EASY฀PROCESSING฀DECIDED฀ABOUT฀PREVALENCE฀OF฀POLYOLEFIN฀
MATERIALS�฀AND฀SIMULTANEOUSLY฀THEIR฀CLASSIFICATION฀AS฀A฀RAW฀MATERIALS฀FOR฀
PRODUCTION฀OF฀EVERY฀DAY฀ARTICLES฀;�=�฀

4HE฀DEVELOPMENT฀OF฀MILITARY฀INDUSTRY฀PROCEEDS฀ACCORDING฀TO฀THE฀
CONCEPT฀OF฀SWORD฀AND฀SHIELD�฀THAT฀IS฀ACTION฀AND฀CONTRACTION�฀4HIS฀CON

CEPTION฀LIES฀IN฀THAT�฀PREPARATION฀OF฀A฀NEW฀WEAPON฀�SWORD	฀IMPLIES฀DE

SIGNING฀OF฀ A฀BETTER฀PROTECTIVE฀MEASURE฀ �SHIELD	�฀ ALLOWING฀ TO฀DEGRADE฀
ACTION฀OF฀CREATED฀ARMS�฀)N฀TURN�฀APPEARANCE฀OF฀A฀NEW฀SHIELD฀DETERMINES฀
WORKS฀ON฀MORE฀EFFECTIVE฀COMBAT฀MEASURES�฀ENABLING฀ITS฀ELIMINATION�฀฀)N฀
CONSEQUENCE�฀THAT฀LEADS฀TO฀FAST฀AND฀INCESSANT฀DEVELOPMENT฀OF฀MILITARY฀
TECHNIQUE฀;�=�฀-ILITARY฀TECHNIQUE฀IS฀A฀STRONG฀PROGRESS฀ENGINE�฀NOT฀ONLY฀
FOR฀THE฀MILITARY฀BRANCH�฀BUT฀ALSO฀FOR฀SEVERAL฀BRANCHES฀OF฀INDUSTRY�฀ALSO฀
INCLUDING฀PLASTICS�

4HE฀AIM฀OF฀THE฀FOLLOWING฀WORK฀IS฀TO฀SHOW฀THE฀WIDE฀POSSIBILITY฀OF฀
APPLICATION฀OF฀POLYOLEFIN฀COMPOSITES�฀NOT฀ONLY฀IN฀STANDARD฀MANNER�฀BUT฀
ALSO฀AS฀MATERIALS฀FOR฀SPECIAL฀APPLICATIONS฀E�G�฀IN฀MILITARY฀BRANCH�฀#HOSEN฀
APPLICATIONS฀SHOW�฀HOW฀DIVERSE฀MATERIALS฀CAN฀BE฀OBTAIN฀ON฀THE฀BASIS฀OF฀
POLYOLEFIN฀POLYMERS�฀

"INDERS฀FOR฀PLASTIC฀BONDED฀EXPLOSIVES฀AND฀PROPELLANTS฀
&OR฀OVER฀A฀HUNDRED฀YEARS฀POLYMERS฀HAVE฀BEEN฀USED฀AS฀A฀COMPO


NENTS฀OF฀PROPELLANTS฀IN฀ARTILLERY฀AND฀SMALL
CALIBER฀AMMO�฀IN฀EXPLOSIVES฀
WITH฀DECREASED฀SENSITIVITY฀FOR฀MECHANICAL฀฀STIMULI�฀AND฀SINCE฀THE฀FORTIES�฀
IT฀IS฀SINCE฀ROCKETS฀WERE฀INTRODUCED�฀ALSO฀IN฀ROCKET฀PROPELLANTS�฀-ODERN฀
PLASTIC฀BONDED฀EXPLOSIVES฀�0"8	฀AND฀ALSO฀PROPELLANTS฀ARE฀MIXTURES฀OF฀
OXIDIZER�฀POLYMERIC฀BINDER�฀MODIFIERS฀AND฀BLASTING฀EXPLOSIVES�฀BALANCED฀
DEPENDING฀ON฀ITS฀FUNCTION�฀4HE฀BINDER฀CONTENT�฀DEPENDING฀ON฀APPLICA

TION�฀VARIES฀MOST฀OFTEN฀IN฀THE฀RANGE฀�
��฀�฀BY฀WEIGHT฀IN฀RELATION฀TO฀THE฀
WHOLE฀MASS฀OF฀THE฀MIXTURE�฀;��฀�=

"INDER�฀ALSO฀COMMONLY฀CALLED฀FUEL�฀IN฀SOLID฀PROPELLANTS฀AND฀PLASTIC฀
BONDED฀ EXPLOSIVES�฀ IS฀ A฀ FLAMMABLE฀ INGREDIENT�฀ ACTING฀ AS฀ A฀ STRUCTURE

CREATING฀AGENT�฀)TS฀PURPOSE฀IS฀TO฀GIVE฀APPROPRIATE฀MECHANICAL฀STRENGTH฀
AND฀COMPACTNESS฀TO฀THE฀WHOLE฀MIXTURE�฀'OOD฀BINDER฀SELECTION฀HAS฀A฀
CRUCIAL฀ INFLUENCE฀ON฀EXPLOSIVES฀PHLEGMATIZATION�฀THAT฀IS฀DECREASING฀ITS฀
SENSITIVITY฀ FOR฀ INITIATION฀OF฀EXPLOSION฀BY฀ACCIDENTAL฀MECHANICAL฀ STIMU

LUS�฀!S฀A฀FLAMMABLE฀COMPONENT�฀IT฀IS฀AN฀AGENT฀ALLOWING฀FOR฀APPROPRIATE฀
OXYGEN฀BALANCE�฀WHICH฀IS฀ESPECIALLY฀CRUCIAL�฀IF฀THE฀MIXTURE฀IS฀GOING฀TO฀BE฀
USED฀AS฀PROPELLANT฀OR฀0"8฀FOR฀AMMUNITION฀ELABORATION�฀"INDER฀CHOICE฀
DETERMINES฀PROCESSING฀OF฀THE฀WHOLE฀MIXTURE�฀WHICH฀ IS฀CONNECTED฀TO฀
THE฀ MOST฀ IMPORTANT฀ REQUIREMENT฀ FOR฀ THE฀ MATERIALS�฀ THE฀ METHOD฀ OF฀
FORMING�฀ (ERE฀ CASTING฀ IS฀ PREFERRED�฀ THOUGH฀ PROCCESSING฀ OR฀ INJECTION฀
COULD฀ALSO฀BE฀USED฀;�=�

/THER฀REQUIREMENTS฀OFTEN฀SET฀FOR฀BINDERS�฀
• HIGH฀PHLEGMATIZATION฀ABILITY�

• ABILITY฀OF฀CHEMICAL฀CONVERSION฀WITH฀A฀LARGE฀AMOUNT฀OF฀GASES฀PRODUC

TION�

• RELATIVELY฀ HIGH฀ DENSITY฀ AT฀ SIMULTANEOUS฀ LACK฀ OF฀ SOLID฀ PRODUCTS฀ OF฀
COMBUSTION�฀THAT฀AFFECTS฀ABILITY฀FR฀EXECUSSION฀OF฀WORK฀BY฀THE฀MIX

TURE�

• SMALL฀CORROSIVE฀AGGRESSION�
• RELATIVELY฀LOW฀TOXICITY฀OF฀THE฀BINDER฀AND฀THE฀PRODUCTS฀OF฀ITS฀COMBUS


TION�
&OR฀PLASTIC฀EXPLOSIVES�฀SUCH฀AS฀#�฀�#OMPOSITION฀�	�฀USED฀BY฀COUN


TER
TERRORIST฀AND฀MILITARY฀ENGINEERING฀GROUPS�฀THERE฀ARE฀ADDITIONALLY฀SET฀
THREE฀REQUIREMENTS�฀WHICH฀DIRECTLY฀CONNECT฀TO฀BINDER฀CHOICE�
• CAN฀BE฀FORMED฀BY฀HANDS�
• CAN฀BE฀STUCK฀TO฀ITEMS�฀BUT฀DO฀NOT฀STICK฀TO฀HANDS฀�LIKE฀PLASTICINE	�
• PRESERVATION฀OF฀PLASTIC฀PROPERTIES฀IN฀A฀WIDE฀TEMPERATURE฀RANGE�

-ATERIALS฀USED฀AS฀BINDERS฀ARE฀NOT฀ABLE฀TO฀MEET฀ALL฀REQUIREMENTS฀AT฀
THE฀SAME฀TIME�฀THAT฀IS฀WHY฀DEPENDING฀ON฀THEIR฀APPLICATION�฀THE฀SIGNIFI

CANCE฀OF฀PARTICULAR฀REQUIREMENTS฀IS฀CHANGEABLE�฀

!T฀ FIRST�฀ IN฀PLASTIC฀BONDED฀EXPLOSIVE฀MIXTURES฀AS฀A฀BINDER฀NATURAL฀
POLYMERS฀ HAVE฀ BEEN฀ USED�฀ 4HE฀ DEVELOPMENT฀ OF฀ KNOWLEDGE฀ ON฀ SYN

THETIC฀POLYMERS�฀CAUSED฀THAT฀IN฀THE฀FIFTIES฀OF฀THE฀LAST฀CENTURY฀BEGAN฀RE

SEARCH฀ON฀THEIR฀APPLICATION฀IN฀EXPLOSIVE฀AGENTS฀ALSO�฀-IXTURES฀OBTAINED฀
ON฀THE฀BASIS฀OF฀SYNTHETIC฀POLYMERS฀CHARACTERIZED฀BY฀HIGHER฀TIME฀DURA

BILITY฀AND฀WERE฀MORE฀WATERPROOF�฀THAN฀THOSE฀WITH฀NATURAL฀POLYMERS�฀
)NTENSE฀STUDIES฀LASTED฀UP฀TO฀THE฀SEVENTIES�฀$URING฀THAT฀TIME฀HAVE฀BEEN฀
ELABORATED฀A฀GREAT฀NUMBER฀OF฀0"8฀RECIPES฀BASED฀ON฀EPOXIDE฀RESINS฀
OR฀POLYURETHANES�฀IT฀ALSO฀TURNED฀OUT฀THAT฀MAJORITY฀OF฀REQUIREMENTS฀SET฀
FOR฀BINDERS฀WERE฀MET฀BY฀OLEFIN฀POLYMERS฀OR฀THEIR฀MIXTURES�฀!T฀PRES

ENT�฀AMONG฀POLYOLEFIN฀BINDERS�฀MOST฀COMMONLY฀USED฀ARE฀THE฀MIXTURES฀
COMPRISING฀OF฀POLYBUTADIENE฀TERMINATED฀BY฀HYDROXYL฀GROUPS฀�(40"	฀
OR฀POLYISOBUTHYLENE฀�0)"		�฀&IG�฀��฀4HIS฀FACT฀IS฀CAUSED�฀MOSTLY฀BY฀TWO฀
FACTORS�฀I�E�฀SIMPLICITY฀OF฀OBTAINING฀MIXTURE฀WITH฀EXPLOSIVE฀AND฀THE฀ABIL

ITY฀FOR฀MAINTAINING฀GOOD฀OPERATIONAL฀PARAMETERS฀IN฀A฀WIDE฀TEMPERATURE฀
RANGE฀;�
�=�

4HESE฀POLYMERS฀ARE฀ALSO฀CHARACTERIZED฀BY฀HIGH฀ABILITY฀TO฀PHLEGMA

TIZE฀AN฀EXPLOSIVE�฀&IG�฀�฀SHOWS฀FRICTION฀SENSITIVITY฀�VALUE฀IN฀.	฀OF฀PURE฀
PENTAERYTHRITOL฀NITRATE�6	฀�0%4.	฀AND฀ITS฀MIXTURES฀���฀CG�G฀OF฀BINDER	฀
WITH฀POLYISOBUTHYLENE฀�0)"	�฀POLYGLYCEROL฀�0'	�฀POLYBUTENE฀TERMINATED฀
BY฀HYDROXYL฀GROUPS฀�(40"	฀AS฀WELL฀AS฀CO
POLYMER฀GLYCIDYL฀AZIDE฀WITH฀
ETHYLENE฀OXIDE฀�0OLI�'!CO%T/8	�

!S฀SHOWN฀IN฀THE฀BELOW฀GRAPH�฀MIXTURE฀BASED฀ON฀POLYOLEFIN฀POLY

MERS�฀0)"฀AND฀(40"�฀DEMONSTRATE฀HALF฀THE฀FRICTION฀SENSITIVITY฀IN฀COM

PARISON฀TO฀PURE฀EXPLOSIVE�

0OLYOLEFINS�฀ ARE฀ USED฀ AS฀ BINDERS฀ AS฀ WELL�฀ IN฀ SUCH฀ A฀ SPECIALIZED฀
PLASTIC฀MIXTURES฀ AS฀ INITIATING฀ AGENTS฀ ACTIVATED฀BY฀ SMALL฀ POWER฀ LASERS�฀
4HE฀MAIN฀COMPONENT฀OF฀SUCH฀MIXTURES฀ IS฀ THE฀MOST฀OFTEN฀HIGH฀ENER


&IG�฀��฀3TRUCTURE฀OF฀(40"฀�LEFT	฀AND฀0)"฀�RIGHT	
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GETIC฀ COMPLEX฀ SENSITIVE฀ TO฀ LASER฀ LIGHT฀E�G� CIS
BIS
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.�	TETRAMINECOBALT�)))	฀PERCHLORATE�฀".#0฀�FIG�฀�	�฀

%XPLOSIVES฀OF฀THIS฀TYPE�฀IN฀CONTRAST฀TO฀CLASSICAL฀PRIMARY฀EXPLOSIVES�฀
ARE฀CHARACTERIZED฀BY฀SMALL฀SENSITIVITY�฀FOR฀EASY฀TO฀GENERATION�฀MECHANI

CAL฀STIMULI�฀(OWEVER�฀THEY฀CAN฀BE฀INITIATED฀BY฀LASER฀LIGHT฀WITH฀APPROPRI

ATE฀WAVE฀LENGTH�฀)N฀THIS฀APPLICATION฀BINDER฀SHOULD฀LET฀THE฀LASER฀THROUGH฀
BEAM�฀PREFERABLY฀LEADING฀TO฀ITS฀REFLECTIONS฀INSIDE฀THE฀MIXTURE�฀4HIS฀WILL฀
ALLOW฀THE฀LIGHT฀TO฀ACT฀ON฀COMPLEX฀CRYSTALS฀AND฀INITIATE฀EXPLOSIVE�฀4HE฀
BINDER฀IS฀VERY฀GOOD฀AT฀EXPLOSIONS฀INITIATED฀BY฀LASER�฀ATING฀ON฀THE฀AFORE

MENTIONED฀(40"�฀3IGNIFICANTLY฀WORSE฀RESULTS฀ARE฀OBTAINED฀USING฀0)"฀฀
;�
��=�

3HAPED฀CHARGES฀CONSTRUCTIONAL฀ELEMENTS฀
0OLYOLEFIN฀COMPOSITES฀ARE฀A฀GOOD฀MATERIAL฀FOR฀PRODUCTION฀OF฀ELE


MENTS฀OF฀SPECIALIZED฀EXPLOSIVES฀FOR฀SAPPER฀PURPOSE�฀ESPECIALLY฀FLEXIBLE฀
LINEAR฀SHAPED฀CHARGES�฀&IRST฀OF฀ALL฀LINEAR฀SHAPED฀CHARGES฀ARE฀USED฀DURING฀
ENGINEERING฀WORKS฀TO฀CUT฀CONCRETE฀AND฀STEEL฀PROFILES฀AS฀WELL฀TO฀DESTROY฀
CARRIER฀ELEMENTS฀DURING฀DEMOLITION฀BY฀THE฀USE฀OF฀EXPLOSIVE฀TECHNIQUE�฀
4HE฀CRUCIAL฀FACT฀IS฀THAT฀MOST฀OF฀THOSE฀WORKS฀CAN฀NOT฀BE฀REALIZED฀WITH฀
OTHER฀EXPLOSIVES�฀WHEREAS�฀IF฀THERE฀IS฀SUCH฀A฀POSSIBILITY�฀IT฀TURNS฀TO฀BE฀
LESS฀ECONOMICALLY฀PROFITABLE�฀&OR฀A฀LONG฀TIME�฀THE฀DISADVANTAGE฀OF฀LINEAR฀
SHAPED฀CHARGES฀WAS฀THAT฀THEY฀HAVE฀BEEN฀CHARACTERIZED฀BY฀HIGH฀STIFFNESS�฀
WHAT฀MADE฀THEIR฀APPLICATION฀DIFFICULT�฀4HE฀OCCURRENCE฀OF฀FLEXIBLE฀LINEAR฀
SHAPED฀CHARGES฀SIGNIFICANTLY฀IMPROVED฀THE฀WORK฀COMFORT�฀AND฀ALSO฀CRE

ATED฀AN฀OPPORTUNITY฀OF฀THEIR฀APPLICATION฀IN฀COMPLETELY฀DIFFERENT฀OBJEC

TIVES�฀#HARGES฀OF฀THIS฀TYPE฀ARE฀READILY฀USED฀BY฀COUNTER
TERRORIST฀�E�G�฀
3�7�!�4�	฀IN฀ELIMINATION฀OF฀SOLID฀OBSTACLES฀LIKE฀DOORS฀OR฀BARS�฀

3HAPED฀CHARGES�฀BOTH฀ LINEAR฀AND฀AXIAL�฀ ARE฀GENERALLY฀CONSTRUCTED฀
OF฀THREE฀ELEMENTS�฀THERE฀ARE�฀EXPLOSIVE�฀LINER฀AND฀CASING�฀&IG�฀��฀%ACH฀
OF฀THOSE฀COMPONENTS฀CAN฀BE฀PREPARED฀ON฀THE฀BASIS฀OF฀OLEFIN฀POLYMERS�฀
4HE฀ BIGGEST฀ PROBLEM฀ IN฀ THE฀ MATERIAL฀ SELECTION฀ IS฀ THAT฀ FLEXIBLE฀ LINEAR฀
SHAPED฀CHARGE฀IS฀GOING฀TO฀BE฀DEFORMED�฀IT฀MEANS฀FORMED฀IN฀SUCH฀A฀WAY�฀
THAT฀IT฀STICKS฀TO฀THE฀OBSTACLE฀DESPITE฀ITS฀SHAPE�฀)N฀THIS฀CASE�฀ESSENTIAL฀IS฀TO฀
PRESERVE�฀IN฀A฀GREAT฀RANGE�฀THE฀GEOMETRY฀OF฀THE฀CHARGE฀AND฀ESPECIALLY฀
OF฀THE฀LINER฀DURING฀ITS฀FORMATION�฀;��
��=�

%XPLOSIVE
)TS฀TASK฀ IS฀THE฀PRODUCTION฀OF฀RELATIVELY฀ LARGE฀PRESSURE�฀WHICH฀ACTS฀

ON฀ THE฀ LINER฀ THE฀ JET�฀ )N฀ CONNECTION฀ TO฀ THAT�฀ USE฀ TO฀ CREATE฀EXPLOSIVES฀
WITH฀RELATIVELY฀HIGH฀DETONATION฀VELOCITY฀IS฀FAVORED�฀%LABORATED฀FLEXIBLE฀
SHAPED฀ CHARGES฀ ARE฀ PLASTIC฀ BONDED฀ EXPLOSIVES฀ RELATIVELY฀ RESISTANT฀ TO฀
EXPANSION฀FORCES�฀)N฀THIS฀ELEMENT฀POLYOLEFINS฀ARE฀APPLIED฀AS฀BINDERS฀FOR฀
PLASTIC฀BONDED฀EXPLOSIVE�

,INER฀
!T฀THE฀BEGINNING฀ LINER฀WAS฀USED฀TO฀SECURE฀SHAPE฀ FROM฀DEFORMA


TION�฀(OWEVER�฀IN฀PRACTICE฀IT฀TURNED฀OUT�฀THAT฀APPROPRIATE฀MATERIAL฀AND฀
LINER฀SELECTION฀POSITIVELY฀AFFECTS฀THE฀SHAPED฀CHARGE฀EFFECTIVENESS�฀CAUS

ING฀INCREASE฀OF฀PENETRATION฀OR฀CUTTING฀EFFECT�฀,INERS฀WITH฀HIGH฀DENSITY�฀
WITH฀ RESPECT฀ TO฀ THEIR฀ LIGHT฀ EQUIVALENTS�฀ ALLOWS฀ FOR฀ HIGHER฀ DETONATION฀
FRONT฀WAVE฀PRESSURE฀ IN฀THE฀AREA฀OF฀EXPLOSIVE฀AND฀ LINER฀CONTACT�฀!S฀A฀
RESULT฀SHAPED฀CHARGES฀WITH฀HIGH฀DENSITY฀LINERS฀ARE฀MORE฀EFFECTIVE�฀!S฀
THE฀MATERIAL฀FOR฀LINERS฀MOST฀OFTEN฀ARE฀USED฀HEAVY฀METALS฀SUCH฀AS฀LEAD�฀
COPPER�฀TUNGSTEN�฀BERYLLIUM�฀OR฀EVEN฀IMPOVERISHED฀฀URANIUM�฀&LEXIBLE฀
LINERS฀ARE฀POLYMER฀MATERIALS฀FILLED฀TO฀A฀HIGH฀DEGREE฀WITH฀METAL฀DUSTS�฀
4HESE฀COMPOSITES�฀IN฀RELATION฀TO฀THEIR฀CONSISTENCY�฀CAN฀BE฀DIVIDED฀INTO฀
TWO฀GROUPS�฀ IT฀ IS฀PASTAS฀ AND฀ SOLIDS�฀ ฀ )N฀BOTH฀GROUPS฀ARE฀WELL฀ KNOWN฀
SOLUTIONS฀BASED฀ON฀OLEFIN฀POLYMERS�฀฀!S฀AN฀EXAMPLE฀CAN฀BE฀USED฀PASTAS฀
CONTAINING฀COPPER฀DUST฀AND฀POLYISOBUTYLENE�฀7HEREAS�฀LINERS฀OF฀SOLID฀
CONSISTENCY฀OFTEN฀CONTAIN฀POLYETHYLENE฀AND฀ITS฀COPOLYMERS฀AS฀WELL฀AS฀
THEIR฀MIXTURES�฀0ROPERLY฀CHOSEN฀OLEFIN฀POLYMERS฀BECOME฀MATRIX�฀WHICH฀
CAN฀BE฀FILLED฀WITH฀METAL฀DUST฀UP฀TO฀��฀CG�G฀AND฀AT฀THE฀SAME฀TIME฀MAIN

TAIN฀GOOD฀DURABILITY฀AND฀฀OPERATIONAL฀PROPERTIES฀;��
��=�

#ASING
"ASIC฀ TASK฀ OF฀ THE฀ CASING฀ IS฀ THE฀ PROTECTION฀ OF฀ EXPLOSIVE฀ AND฀ LINER฀

AGAINST฀MECHANICAL฀DAMAGE�฀4HIS฀WAY฀CASING฀IN฀A฀LARGE฀MEASURE฀IS฀RE

SPONSIBLE฀FOR฀SHAPED฀CHARGE฀SHAPE�฀#ASING฀CAN฀ALSO฀FUNCTION฀AS฀A฀DIS

TANCE฀ KEPT฀ BETWEEN฀ SHAPED฀ CHARGE฀ AND฀ DESTROYED฀ TARGET�฀ 4HE฀ BEST฀
RESULTS฀OF฀PENETRATION฀OR฀CUTTING฀ARE฀ACHIEVED�฀WHEN฀THE฀OBSTACLE฀IS฀IN฀
SUCH฀A฀DISTANCE�฀THAT฀ENERGY฀CONCENTRATION฀OF฀THE฀JET฀WITH฀RESPECT฀TO฀
ITS฀CROSS
SECTION฀IS฀THE฀BIGGEST�฀3OME฀PATENT฀SOLUTIONS฀DESCRIBE฀ALSO฀THE฀
USE฀OF฀CASING฀FOR฀THE฀PURPOSE฀OF฀ATTACHING฀SHAPED฀CHARGE฀TO฀DESTROYED฀
TARGET�฀6ERY฀OFTEN฀CASING฀IS฀MADE฀OF฀THE฀SAME฀MATERIALS฀AS฀AN฀LINER฀;��

��=�฀4HERE฀ARE฀ALSO฀KNOWN฀SOLUTIONS�฀IN฀WHICH฀CASING฀OF฀FLEXIBLE฀SHAPED฀
CHARGE฀IS฀MADE฀OF฀FOAMED฀POLYETHYLENE�฀4HIS฀SOLUTION�฀AMONG฀OTHERS�฀IS฀฀
USED฀BY฀RESPECTED฀IN฀THE฀EXPLOSIVES฀BRANCH฀COMPANY฀a%XPLOSIAq�

0ROPER฀SELECTION฀OF฀POLYOLEFIN฀MATERIALS฀IN฀THE฀MAIN฀CONSTRUCTIONAL฀
ELEMENTS฀OF฀FLEXIBLE฀SHAPED฀CHARGES฀ALLOWS฀FOR฀A฀GOOD฀OPERATIONAL฀PA

RAMETERS�฀ESPECIALLY฀PRESERVATION฀OF฀FLEXIBILITY฀IN฀A฀WIDE฀TEMPERATURE฀
RANGE�฀!PPLICATION฀OF฀POLYOLEFINS฀IN฀COMPARISON฀TO฀OTHER฀TYPES฀OF฀POLY

MERS฀IS฀OFTEN฀ECONOMICALLY฀PROFITABLE�

3HIELDS฀AGAINST฀HARMFUL฀BATTLEFIELD฀FACTORS฀
!BOVE฀WERE฀INTRODUCED฀APPLICATIONS฀OF฀OLEFIN฀POLYMERS฀IN฀nSWORDo฀

ELEMENTS�฀(OWEVER�฀OLEFIN฀POLYMERS฀ALSO฀FOUND฀APPLICATIONS฀IN฀nSHIELDo฀
COMPONENTS�฀AMONG฀OTHERS�฀IN฀THE฀PRODUCTION฀OF฀BALLISTIC฀SHIELDS฀;��=�฀
"ULLETPROOF฀SHIELDS฀MAY฀BY฀MADE฀ON฀THE฀BASIS฀OF฀POLYMER
CERAMIC฀COM

POSITES�฀THIS฀IS฀CERAMIC฀PLATE฀IMMERSED฀IN฀POLYMER�฀!S฀A฀POLYMER฀MOST฀
OFTEN�฀ FOR฀THIS฀PURPOSE�฀ IS฀USED฀HIGH฀DENSITY฀POLYETHYLENE�฀ )N฀BALLISTIC฀
SHIELDS฀WEIGHT฀IS฀AS฀MUCH฀IMPORTANT฀PARAMETER฀AS฀RESISTANCE฀TO฀PEN


&IG�฀��฀#OMPARISON฀OF฀FRICTION฀SENSITIVITY฀฀
OF฀PURE฀0%4.฀AND฀ITS฀MIXTURES

&IG�฀��฀3TRUCTURE฀OF฀".#0

&IG�฀��฀3CHEME฀OF฀A฀FLEXIBLE฀LINEAR฀SHAPED฀CHARGE฀�LEFT	฀AND฀A฀PHOTO฀OF฀A฀
FLEXIBLE฀LINEAR฀SHAPED฀CHARGE฀a",!$%q฀�RIGHT	
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EETRATION�฀ )NCREASING฀DURABILITY฀WITH฀MINIMUM฀CHANGE฀OF฀MASS฀CAN฀BE฀

OBTAINED฀BY฀THE฀USE฀OF฀POLYETHYLENE฀MATRIX฀FILED฀WITH฀POLYPROPYLENE฀
FIBERS�฀0OLYOLEFINS฀ARE฀ALSO฀USED฀IN฀ELEMENTS฀OF฀BULLETPROOF฀VESTS�฀BUT฀IN฀
A฀LIMITED฀WAY�฀)N฀THIS฀FIELD฀PREVAIL฀ARAMID฀MATERIALS�฀SUCH฀AS฀E�G�฀+EVLAR�฀
WHICH฀DESPITE฀HIGHER฀PRICE฀HAVE฀BETTER฀USAGE฀PARAMETERS�฀

0OLYOLEFIN฀COMPOSITES฀ARE฀ALSO฀USED฀ IN฀ THE฀PRODUCTION฀OF฀SHIELDS฀
AGAINST฀NEUTRON฀RADIATION�฀ON฀WHICH฀CAN฀BE฀EXPOSED฀TANK฀OR฀BUNKER฀
CREW฀DURING฀NUCLEAR฀ATTACK�฀%VEN฀THOUGH�฀PENETRATING฀RADIATION฀�NEU

TRON฀AND฀GAMMA	฀IS฀EMITTED฀ONLY฀OVER฀��฀TO฀��฀SECONDS฀AND฀�฀�฀OF฀
EXPLOSION฀ ENERGY฀ FALLS฀ ON฀ IT�฀ IT฀ PRESENTS฀ THE฀ MOST฀ DANGEROUS฀ AGENT�฀
'AMMA฀RADIATION฀ IN฀A฀HIGH฀DEGREE฀ IS฀REDUCED฀BY฀CONSTRUCTION฀METAL฀
ELEMENTS�฀E�G�฀TANKS฀ARMOR฀;��=�฀.EUTRON฀RADIATION฀IS฀A฀PENETRABLE฀RA

DIATION�฀WHICH฀CARRIES฀A฀LARGE฀MASS�฀.EUTRONS฀AS฀A฀PARTICLES�฀WHICH฀DO฀
NOT฀POSSES฀ A฀ CHARGE�฀HAVE฀ SIMPLIFIED฀ACCESS฀ TO฀ ATOMIC฀NUCLEUS�฀!S฀ A฀
RESULT฀OF฀NEUTRONS฀COLLISION฀WITH฀NUCLEI�฀ATOM฀IONIZATION฀CAN฀OCCURS�฀AND฀
DEPENDING฀ON฀THEIR฀ENERGY�฀EVEN฀NUCLEI฀CAN฀BE฀SPLIT�฀WHAT฀IN฀THE฀EFFECT฀
CAN฀ CAUSE฀ SECONDARY฀ RADIATION฀ ;��=�฀ $EPENDING฀ ON฀ ENERGY฀ NEUTRONS฀
ARE฀DIVIDED฀INTO�
r฀ THERMAL฀ ����฀E6�
r฀ SMALL฀ ฀฀ ���
���฀E6�
r฀ MEDIUM฀฀ ���
���฀KE6�
r฀ FAST฀ ฀฀ ����฀KE6�

!S฀THE฀HIGH฀ENERGY฀NEUTRONS฀CAPTURE฀IS฀NOT฀POSSIBLE�฀THEIR฀ENERGY฀
SHOULD฀BE฀DECREASED฀AND฀THERMAL฀NEUTRONS฀SHOULD฀BE฀CREATED�฀THAT฀IS฀
WHY฀RADIATION฀SHIELD฀ACT฀TWO
STAGES�฀

!T฀THE฀FIRST�฀STAGE฀NEUTRONS฀ENERGY฀OCCURS฀AND฀THERMAL฀NEUTRONS฀ARE฀
CREATED�฀)N฀THE฀SLOWING฀DOWN฀PROCESS฀ARE฀USED฀MODERATORS�฀.EUTRONS�฀
BY฀ COLLISIONS฀ WITH฀ THEIR฀ PARTICLES฀ LOSE฀ ENERGY�฀ BUT฀ ARE฀ NOT฀ ABSORBED�฀
4HE฀BEST฀IN฀THIS฀ROLE฀ARE฀MATERIALS฀WITH฀HIGH฀CONCENTRATION฀OF฀LIGHT฀ELE

MENTS฀AND฀THE฀BEST฀IS฀HYDROGEN�฀/FTEN฀FOR฀THIS฀PURPOSE฀ARE฀USED฀WATER�฀
HEAVY฀WATER�฀BERYLLIUM�฀CARBON฀IN฀THE฀FORM฀OF฀GRAPHITE�฀HYDRIDES฀E�G�฀
ZIRCONIUM฀HYDRIDE�฀LITHIUM฀COMPOUNDS�฀AND฀ALSO฀ORGANIC฀COMPOUNDS�฀
LIKE฀WAXES฀AND฀POLYMERS�฀0OLYMER฀MATRIX฀IN฀RADIATION฀SHIELDS�฀NOT฀ONLY฀
LOWERS฀NEUTRONS฀ENERGY฀BUT฀ALSO฀IN฀A฀GREAT฀MANNER฀AFFECTS฀MECHANICAL฀
PROPERTIES�฀!S฀A฀MATRICES฀IT฀IS฀PROFITABLE฀TO฀USE฀OLEFIN฀POLYMERS�฀4HEY฀
ARE฀CHARACTERIZED฀BY฀HIGH฀HYDROGEN฀ATOMS฀CONCENTRATION�฀UNDERSTOOD฀
AS฀ AN฀ AMOUNT฀ OF฀ HYDROGEN฀ IN฀ THE฀ VOLUME฀ UNIT�฀ BETTER฀ THAN฀ IN฀ OTHER฀
GROUPS฀AND฀SIMILAR฀TO฀POPULAR฀INORGANIC฀MODERATORS�฀SUCH฀AS�฀฀LITHIUM฀
OR฀SODIUM฀BOROHYDRIDE�฀

4HE฀ SECOND฀ STAGE฀ OF฀ RADIATION฀ SHIELD฀ ACTION฀ IS฀ THERMAL฀ NEUTRONS฀
CAPTURING�฀ 4HIS฀ TASK฀ IS฀ FULFILLED฀ BY฀ COMPOUNDS฀ CONTAINING฀ GADOLINIUM฀
AND฀IMPOVERISHED฀URANIUM�฀BUT฀THE฀BEST฀RESULTS฀GIVE฀BORON฀COMPOUNDS฀
;��=�฀AND฀TO฀BE฀MORE฀SPECIFIC฀ISOTOPE฀��"�

+NOWN฀ FROM฀ THE฀ LITERATURE฀ POLYOLEFIN฀ COMPOSITES฀ DESIGNED฀ AS฀
MATERIALS฀ FOR฀PRODUCTION฀OF฀ SHIELDS฀AGAINST฀NEUTRON฀RADIATION฀ARE฀ FOR฀
EXAMPLE�฀ )NDIA
RUBBER�BORON฀ CARBIDE฀ ;��=�฀ )NDIA
RUBBER�BORIC฀ ACID฀
;��=�฀TERPOLYMER฀ETHYLENE
PROPYLENE
DIEN�,$0%�BORON฀CARBIDE฀ ;��=�฀
($0%�,$0%�BORIC฀ACID฀ ;��=�฀ )T฀ SHOULD฀BE฀POINTED฀OUT�฀ THAT฀COMPO

SITES฀BASED฀ON฀BORIC฀ACID฀ARE฀SIGNIFICANTLY฀CHEAPER�฀THAN฀THOSE฀IN฀WHICH฀
ABSORBING฀AGENT฀IS฀BORON฀CARBIDE�฀

3UMMARY
0OLYOLEFIN฀MATERIALS฀ARE฀USED฀IN฀SPECIALIST฀CONSTRUCTIONAL฀SOLUTIONS฀

IN฀MILITARY฀INDUSTRY�฀$UE฀TO฀THEIR฀WIDE฀VARIETY�฀THEY฀ARE฀USED฀NOT฀ONLY฀IN฀
STRIKING฀AGENTS�฀BUT฀ALSO฀IN฀SHIELDS฀AGAINST฀HARMFUL฀AGENTS฀ON฀THE฀BATTLE

FIELD�฀!T฀PRESENT฀POLYOLEFINS฀ARE฀ESPECIALLY฀APPLIED฀AS�
• BINDERS฀FOR฀PLASTIC฀BONDED฀EXPLOSIVES�
• BINDERS฀FOR฀PROPELLANTS�฀POWDERS฀AND฀ROCKET฀FUELS�
• FLEXIBLE฀LINERS�
• ELEMENTS฀OF฀BALLISTIC฀SHIELDS�
• ELEMENTS฀OF฀SHIELDS฀AGAINST฀PENETRATING฀RADIATION�

3ELECTED฀APPLICATIONS฀ SHOW฀HIGH฀POTENTIAL฀OF฀ THIS฀POLYMER฀GROUP฀
AND฀MATERIALS฀BASED฀ON฀THEM�
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