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Modern high-energetic polymers
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4HE฀CONCEPT฀OF฀HIGH
ENERGETIC฀POLYMERS
p(IGH
ENERGETIC฀POLYMERSq฀IS฀TERM฀DESCRIBING฀A฀SPECIFIC฀GROUP฀OF฀

POLYMERIC฀COMPOUNDS฀WHICH฀PROPERTIES฀DO฀NOT฀ALWAYS฀CORRESPONDING฀
TO฀THAT฀NOTION�฀4HIS฀GROUP฀INCLUDES฀SOME฀COMPOUNDS฀WITH฀LOWER฀COM

BUSTION฀ENERGY฀PER฀KILO฀THAN฀COMBUSTION฀ENERGY฀OF฀MANY฀ENGINEERING฀
POLYMERS�฀WHICH฀DO฀NOT฀BELONG฀TO฀THE฀GROUP฀OF฀HIGH
ENERGETIC฀POLYMERS฀
�EG฀04&%	�฀(IGH
ENERGETIC฀POLYMER฀ARE฀CHARACTERIZED฀BY฀DYNAMICS฀OF฀
COMBUSTION฀ PROCESS�฀ WHICH฀ MEAN฀ COMBUSTION฀ ENERGY฀ EXPRESSED฀ BY฀
THE฀PULSE฀IS฀HIGH฀�HEAT฀OF฀COMBUSTION฀PER฀TIME	�฀4HE฀EXPLOSIVE฀ENERGY฀
IS฀DESCRIBED฀BY฀PARAMETER฀pHEAT฀OF฀AN฀EXPLOSIVE฀REACTIONq�฀0OLYMERS�฀
FOR฀WHICH฀EXPLOSIVE฀COMBUSTION฀IS฀POSSIBLE�฀ARE฀CALLED฀HIGH
ENERGETIC฀
POLYMERS�

!LSO฀AN฀AMBIGUOUS฀TERM฀pENERGETIC฀POLYMERSq฀IS฀SOMETIMES฀USED�฀
)T฀IS฀MAINLY฀BIOCHEMISTRY฀TERM฀AND฀REFERS฀TO฀THE฀NATURAL฀POLYMERS฀�EN

ERGY฀RESERVE฀MATERIAL฀FOR฀LIVING฀ORGANISMS	�฀4HE฀TERM฀pEXPLOSIVE฀POLY

MERSq฀ IS฀ALSO฀ INCORRECT฀BECAUSE฀DECOMPOSITION฀OF฀ THESE฀POLYMERS฀ IS฀
NOT฀ALWAYS฀EXPLOSIVE฀;�=�

p%XPLOFORIC฀GROUPq฀AND฀pPIROFORIC฀GROUPq฀THEORY฀
(IGH
ENERGETIC฀POLYMERS฀ARE฀MACROMOLECULAR฀COMPOUNDS฀HAVING฀

THE฀ABILITY฀FOR฀RAPID฀CHEMICAL฀TRANSFORMATION�฀WITH฀ENERGY฀THAT฀CAN฀BE฀
USED฀TO฀PERFORM฀WORK�฀!฀COMPOUND฀OR฀MATERIAL฀ IS฀CAPABLE฀OF฀DOING฀
WORK฀WHEN฀GASEOUS฀EXPLOSION฀PRODUCTS฀OCCURS฀DURING฀EXPLOSIVE฀TRANS

FORMATION�฀3IMILAR฀REQUIREMENT�฀RAPID฀DECOMPOSITION�฀ ITS฀EGZOTERMIC฀
AND฀GASEOUS฀REACTION฀PRODUCTS฀ARE฀ FOR฀ LOW
MOLECULAR฀WEIGHT฀EXPLO

SIVES�฀)T฀CAN฀BE฀ASSUMED฀THAT฀THE฀CHEMICAL฀STRUCTURE฀OF฀HIGH
ENERGETIC฀
POLYMERS฀IS฀ANALOGOUS฀TO฀THE฀CHEMICAL฀STRUCTURE฀OF฀EXPLOSIVES�

#LASSICAL฀CHEMISTRY฀OF฀EXPLOSIVES฀CLASSIFIES฀CERTAIN฀GROUPS฀OF฀ATOMS฀
AS฀AN฀pEXPLOFORIC฀GROUPq�฀4HESE฀GROUPS�฀WHEN฀PRESENT฀IN฀ORGANIC฀COM

POUNDS฀GIVE฀THEM฀EXPLOSIVE฀PROPERTIES�฀/N฀THE฀OTHERH฀AND฀PIROFORIC฀
GROUPS�฀NOT฀GIVE฀THE฀EXPLOSIVE฀PROPERTIES�฀BUT฀INCREASE฀THESE฀PROPER

TIES�

)MPORTANT฀EXPLOFORIC฀GROUPS�
• NITRO฀
./�

• NITRATE฀
/./�

• CHLORATE฀
#L/�

• PEROXIDE฀
/
/

• AZIDO฀
.�

)MPORTANT฀PIROFORIC฀GROUPS�
• AMINE฀
.(�

• CARBOXYLIC฀ 
#//(
• HYDROXYL฀ 
/(
• CARBONYL฀฀�#/
• CARBON
CARBON฀MULTIPLE฀BOND

4HIS฀ STATEMENT฀ DOES฀ NOT฀ EXHAUST฀ THE฀ EXPLOFORIC฀ AND฀ PIROFORIC฀
GROUPS฀THEORY�฀)SOCYANATE฀GROUPS฀ARE฀CLASSIFIED฀AS฀BOTH฀EXPLOFORIC฀AND฀
PIROFORIC฀;�=�

%XPLOFORIC฀ AND฀ PIROFORIC฀ GROUPS฀ THEORY฀ CAN฀ BE฀ APPLIED฀ WITHOUT฀
MODIFICATIONS฀TO฀MACROMOLECULAR฀COMPOUNDS�฀4HE฀SAME฀GROUPS฀CAN฀
IMPROVE฀EXPLOSIVE฀PROPERTIES฀OF฀POLYMERS฀AND฀LOW
MOLECULAR
WEIGHT฀
COMPOUNDS�

/XYGEN฀BALANCE
"ALANCE฀BETWEEN฀REDUCING฀ATOMS฀�OR฀GROUP฀OF฀ATOMS	฀AND฀OXIDIZING฀

ATOMS฀�OR฀GROUP฀OF฀ATOMS	฀IS฀AN฀IMPORTANT฀AS฀PRESENCE฀SPECIFIC฀FUNC

TIONAL฀GROUP฀IN฀EXPLOSIVE�฀"ALANCING฀CAN฀BE฀ILLUSTRATED฀AS฀FOLLOWS�฀WELL฀

BALANCED฀COMPOUNDS฀DECOMPOSE฀TO฀THE฀SIMPLE฀COMPOUNDS฀IN฀WHICH฀
THE฀ATOMS฀ARE฀IN฀A฀TYPICAL฀OXIDATION
NUMBER฀�MOLECULAR฀NITROGEN�฀WA

TER�฀CARBON฀DIOXIDE�฀ETC�	�฀!PPROPRIATELY฀BALANCED฀RELATIONSHIP฀WILL฀BURN฀
UP฀WITH฀A฀MAXIMAL฀ENERGY฀OF฀COMBUSTION�฀"ALANCE฀IS฀OFTEN฀EXPRESSED฀
THROUGH฀A฀NUMERICAL฀BALANCE฀OF฀OXYGEN฀THAT฀IS฀RATIO฀�IN฀PERCENTAGE	฀OF฀
OXYGEN฀CONTAINED฀IN฀THE฀SUBSTANCE฀TO฀THE฀AMOUNT฀OF฀OXYGEN฀REQUIRED฀
TO฀BURN฀ALL฀COMBUSTIBLE฀ATOMS฀;�=�

"ALANCE฀ BETWEEN฀ OXIDIZING฀ AND฀ REDUCING฀ GROUPS฀ MIGHT฀ BE฀฀
EXPRESSED฀BY฀CONCENTRATION฀OF฀CARBON฀ATOMS฀IN฀THE฀MOLECULE฀AS฀WELL�฀)T฀
IS฀THE฀QUANTITY฀OF฀CARBON฀ATOMS฀IN฀THE฀MOLECULE�฀AFTER฀REDUCTION฀OF฀THE฀
AMOUNT฀OF฀CARBON฀ATOMS฀THAT฀ARE฀OXIDIZED฀INTRAMOLECULAR�

/XYGEN฀BALANCE฀FACTOR฀CAN฀NOT฀BE฀REGARDED฀AS฀A฀DETERMINANT฀OF฀
THE฀EXPLOSIVE�฀BUT฀WELL฀BALANCED฀IS฀VERY฀IMPORTANT฀IN฀MACROMOLECULAR฀
COMPOUNDS�฀)F฀THE฀COMPOUND฀IS฀NOT฀BALANCED�฀THE฀POLYMER฀MAIN฀CHAIN฀
IS฀NOT฀DECOMPOSED฀DURING฀EXPLOSION�฀)T฀IS฀FAVOURABLE฀IF฀THE฀POLYMER฀SIDE฀
CHAIN฀OXYGEN฀BALANCE฀IS฀POSITIVE�฀THIS฀GIVES฀THE฀POSSIBILITY฀OF฀OXIDATION฀
OF฀THE฀POLYMER฀MAIN฀CHAIN�

4YPICAL฀POLYMERS฀HAVE฀NEGATIVE฀OXYGEN฀BALANCE฀IN฀THE฀MAIN฀CHAIN�฀
WHICH฀IS฀INHERENT฀TO฀MACROMOLECULAR฀COMPOUNDS�฀HOWEVER฀PRESENCE฀
OF฀OXYGEN฀ATOMS฀IN฀THE฀MAIN฀CHAIN฀HAS฀POSITIVE฀IMPACT฀ON฀HIGH฀ENERGETIC฀
PROPERTIES�

.EW฀HIGH
ENERGETIC฀POLYMERS�
4HE฀ FIRST฀ NEW฀ TYPE฀ HIGH
ENERGETIC฀ POLYMER฀ WAS฀ SYNTHESIZED฀ IN฀

�����฀NITRATED฀POLYVINYL฀ ALCOHOL฀ �06.	�฀!฀GREAT฀PART฀OF฀ RESEARCH฀ON฀
THIS฀ COMPOUND฀COMES฀ FROM฀7ORLD฀7AR฀ ))�฀ 3TUDIES฀ INCLUDE฀ALSO฀OTH

ERS฀COMPOUNDS฀SUCH฀NITRATED฀POLYSTYRENE฀AND฀POLY�NITROPHENYL	�฀BUT฀
WITHOUT฀ANY฀POSITIVE฀RESULTS�฀4HE฀BREAKTHROUGH฀CAME฀WHEN฀POLYMER฀
WITH฀AZIDOMETHYL฀SIDE฀CHAIN฀WAS฀FIRST฀SYNTHESIZED฀AND฀PATENTED฀IN฀����฀
BY฀ %�฀ 6ANDENBURG฀ ;�=�฀ 4HE฀ PATENT฀ RESERVE฀ THE฀ RIGHT฀ TO฀ SYNTHESIS฀ OF฀
POLY�GLYCIDYL฀AZIDE	�฀4HIS฀COMPOUND฀CAN฀BE฀OBTAINED฀BY฀THE฀REACTION฀
OF฀ POLYEPICHLOROHYDRIN฀ SOLUTION฀ IN฀ DIMETHYLFORMAMIDE฀ WITH฀ SODIUM฀
AZIDE�฀3TRUCTURE฀OF฀POLY�GLYCIDYL฀AZIDE	฀IS฀SHOWN฀IN฀&IGURE฀��

$UE฀TO฀PRESENCE฀OF฀THE฀EXPLOFORIC฀AZIDO฀GROUP�฀POLYMER฀HAS฀EXPLO

SIVE฀POTENTIAL�฀BUT฀THE฀FIRST฀APPLICATION฀OF฀THIS฀COMPOUND฀WAS฀BASED฀ON฀
PROPERTIES฀CHARACTERISTICS฀FOR฀MACROMOLECULAR฀COMPOUNDS�฀0OLYMERS฀
ADDITION฀REDUCE฀SENSITIVITY฀AND฀IMPROVE฀THE฀MECHANICAL฀PROPERTIES�฀%X

PLOSIVE฀FORMED฀BY฀MIXING฀2$8฀AND฀POLY�GLYCIDYL฀AZIDE	฀������฀�฀�����	฀
HAVE฀SIMILAR฀CHARACTERISTICS฀�SENSITIVITY฀AND฀MECHANICAL฀PROPERTIES	฀AS฀
THE฀EXPLOSIVE฀FORMED฀BY฀MIXING฀2$8฀AND฀HYDROXIDE
TERMINATED฀POLY

BUTADIENE฀������฀�฀�����	฀;�=�฀(OWEVER�฀THE฀MIXTURE฀OF฀2$8฀WITH฀AZIDE฀
POLYMER฀HAVE฀HIGHER฀EXPLOSIVE฀PARAMETERS฀�HIGHER฀ENERGY฀OF฀DECOM

POSITION฀AND฀HIGHER฀VOLUME฀OF฀GASEOUS฀PRODUCTS฀OF฀EXPLOSION	�

0URE฀POLY�GLICYDYL฀AZIDE	฀NOT฀DETONATES฀IN฀THE฀USUAL฀MANNER�฀)T฀DE

COMPOSES฀ RAPIDLY�฀ WITH฀ NITROGEN฀ EMITTING฀ AS฀ AFTER
EFFECT฀ OF฀ THE฀ SIDE฀
CHAIN฀DECOMPOSITION�฀4HE฀REACTION฀HEAT฀OF฀DECOMPOSITION฀IS฀���฀K*฀�฀KG฀
�ISOBARIC฀REACTION฀AT฀�฀-0A	฀;�=�฀"URNING฀IS฀RAPID�฀THOUGH฀ONLY฀THE฀���฀
OF฀POLYMER฀MASS฀IS฀USED�฀4HIS฀COMPOUND฀IS฀ALSO฀CHARACTERIZED฀BY฀RELA

TIVELY฀HIGH฀CONCENTRATION฀OF฀CARBON฀ATOMS฀AND฀THE฀PRESENCE฀OF฀OXYGEN฀

&IG฀��฀3TRUCTURE฀OF฀POLY�GLICYDYL฀AZIDE	
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EATOMS฀IN฀THE฀MAIN฀CHAIN฀��฀CARBON฀ATOMS฀AND฀�฀OXYGEN฀ATOM฀FOR฀EACH฀

MER	�฀#OMPLETE฀COMBUSTION฀OF฀THE฀POLYMER฀REQUIRES฀THE฀PARTICIPATION฀
OF฀OUTSIDE฀OXIDANT�฀WHICH฀IS฀NOT฀CHARACTERISTIC฀OF฀INDIVIDUAL฀EXPLOSIVES�

0ROPERITES฀OF฀POLY�GLICYDYL฀AZIDE	฀ARE฀SHOWN฀IN฀4ABLE฀��
,OCATION฀OF฀THE฀AZIDE฀GROUP฀AFFECTS฀ON฀THE฀CHARACTERISTICS฀OF฀GLYCIDYL฀

AZIDE฀ POLYMER�฀ #OMPOUNDS฀ IN฀ WHICH฀ THE฀ AZIDE฀ GROUP฀ IS฀ SUBSTITUTED฀
DIRECTLY฀ INTO฀ THE฀ MAIN฀ CHAIN�฀ SUCH฀ AS฀ ฀ AZIDO06#฀ ARE฀ NOT฀ EXPLOSIVES�฀
4HIS฀MEANS฀THAT฀AN฀AZIDOMETHYL฀GROUP฀�
#(�
.�	฀IS฀CONSIDERED฀TO฀BE฀
EXPLOFORIC฀GROUP�

/THERS฀NEW฀HIGH
ENERGETIC฀POLYMERS฀CONTAIN฀EXPLOZOFORIC฀NITRATE฀
�6	฀GROUP฀�/
NITRO�
./�	�฀!N฀EXAMPLE฀OF฀A฀SUCH฀POLYMER฀IS฀POLY��

NITRATOMETYL
�
METYL฀ OXETANE	�฀ SYNTHESIZED฀ BY฀ CATIONIC฀ POLYMERIZA

TION฀OF฀A฀MONOMER฀WHICH฀CONTAINS฀ IN฀HIS฀STRUCTURE฀HETEROCYCLIC฀RING฀
�OXETANE	�฀4HE฀CATALYST฀OF฀THE฀REACTION฀IS฀,EWIS฀ACID฀;�=�฀3TRUCTURE฀OF฀
POLY��
NITRATOMETYL
�
METYL฀OXETANE	฀IS฀SHOWN฀IN฀&IGURE฀��

0OLY��
NITRATOMETYL
�
METYL฀OXETANE	฀IS฀POTENTIALLY฀EXPLOSIVE฀AS฀A฀
RESULT฀OF฀NITRATOMETHYL฀SIDE฀CHAIN�฀&IRST฀APPLICATION฀OF฀THIS฀POLYMER฀WAS฀
ANALOGOUS฀TO฀POLY�GLYCIDYL฀AZIDE	�฀AND฀ALSO฀AS฀AN฀INGREDIENT฀OF฀INSENSITIVE฀
PLASTIC฀BONDED฀EXPLOSIVES฀BY฀MIXING฀WITH฀CLASSIC฀EXPLOSIVE�฀4HE฀POLYMER฀
DECOMPOSED฀DIFFERENTLY฀THAN฀POLY�GLYCIDYL฀AZIDE	�฀THE฀REACTION฀DEPEND

ING฀ON฀THE฀STIMULUS฀AND฀THE฀POLYMER฀MAIN฀CHAIN฀MIGHT฀DECOMPOSED฀AS฀
WELL�฀4HIS฀IS฀RESULT฀OF฀THE฀BASIC฀MECHANISM฀FOR฀THE฀DECOMPOSITION฀OF฀THE฀

#(�
/
./�฀GROUP�฀WHICH฀INVOLVES฀THE฀RADICAL฀�r฀./�	฀INITIATION฀OF฀
INTRA฀MOLECULAR฀OXIDATION฀PROCESSES�฀4HIS฀REACTION฀PROCEEDS฀RAPIDLY฀AT฀
TEMPERATURE฀OVER฀THAN฀����#�฀!T฀ROOM฀TEMPERATURE฀THE฀POLYMER฀IS฀
NOT฀EXPLOSIVE�฀!RTIFICIAL฀AGEING฀AT฀���#฀IN฀AN฀INERT฀ATMOSPHERE฀RESULTS฀
DECOMPOSITION฀TO฀THE฀COMPOUNDS฀SUCH฀LIKE฀PEROXIDES฀OR฀ALCOHOLS฀;�=�฀
#ALCULATED฀ENTHALPY฀OF฀EXPLOSION฀IS฀���฀K*฀�฀KG฀;�=�

4HIS฀COMPOUND�฀AS฀THE฀ONLY฀ONE฀DESCRIBED�฀IS฀NOT฀CLASSIFIED฀AS฀EX

PLOSIVE�฀AND฀IS฀COMMERCIALLY฀AVAILABLE�

0OLYMER฀WITH฀SIMILAR฀PHYSICAL฀AND฀CHEMICAL฀PROPERTIES฀POLY�GLYCIDYL฀
NITRATE	฀WHICH฀ IS฀ SYNTHESIZED฀BY฀HETEROCYCLIC฀ RING฀ �OXIRAN	฀MER�฀4HIS฀
COMPOUND฀IS฀SIMILAR฀TO฀OXIRAN฀POLYMERS�฀SUCH฀A฀POLYEPICHLOROHIDRINE�฀
WHICH฀IS฀THE฀POLY�GLYCIDYL฀AZIDE	฀RAW฀MATERIAL�฀)N฀BOTH฀CASES�฀THE฀PO

LYMERIZATION฀ IS฀ INITIATED฀ BY฀ ("&��฀ AND฀ GIVES฀ PREPOLYMER฀ CONTAINING฀
APPROXIMATELY฀��฀MERS�฀0REPOLYMERS฀ARE฀JOINED฀TOGETHER฀WITH฀A฀MULTI

FUNCTIONAL฀ALCOHOL฀;��=�฀3TRUCTURE฀OF฀THE฀POLYMER฀IS฀SHOWN฀IN฀&IGURE฀��

0ROPERTIES฀OF฀ THE฀POLYMER฀ARE฀DETERMINED฀BY฀NITROOXYMETYLENE฀
SIDE฀CHAIN�฀4HE฀POLYMER฀IS฀POTENTIALLY฀EXPLOSIVE�฀WITH฀SIMILAR฀PROPER

TIES฀ LIKE฀ THE฀ POLY�GLYCIDYL฀ AZIDE	�฀ AND฀ SIMILAR฀ DECOMPOSITION฀ LIKE฀ THE฀฀

POLY��
NITRATOMETYL
�
METYL฀ OXETANE	�฀ 0OLYMER฀ DECOMPOSES฀ EXPLO

SIVELY฀�THE฀DETONATION฀WAVE฀INITIATION	�฀)TS฀COMBUSTION฀DOES฀NOT฀INVOLVE฀
THE฀ADDITIONAL฀OXIDIZER�฀ALTHOUGH฀OXYGEN฀BALANCE฀FACTOR฀IS฀
�����฀0ROP

ERTIES฀OF฀POLYMER฀ARE฀SHOWN฀IN฀4ABLE฀��

#ALCULATED฀ ENERGY฀ OF฀ EXPLOSION฀ OF฀ POLY�GLYCIDYL฀ NITRATE	฀ IS฀ LOWER฀
THAN฀BOTH฀THE฀POLY�GLYCIDYL฀AZIDE	฀AND฀THE฀POLY��
NITRATOMETYL
�
METYL฀
OXETANE	�฀(OWEVER฀POLYMER฀RESISTANCE฀TO฀SIMPLE฀STIMULI฀�FRICTION฀AND฀
SHOCK	฀ IS฀ HIGHER�฀ 4HE฀ APPLICATION฀ OF฀ POLYMER฀ IS฀ LIMITED฀ BY฀ VERY฀ LOW฀
STABILITY�

4HE฀METHYL฀GROUP฀LINKER฀�
#(�
	฀BETWEEN฀POLYMER฀CHAIN฀AND฀EX

PLOFORIC฀GROUP฀IS฀BASED฀ON฀CHARACTERISTICS฀OF฀PRESENTED฀HIGH฀ENERGETIC฀
POLYMERS�฀4HIS฀IS฀RELATED฀TO฀THE฀SPECIFICITY฀OF฀REACTION฀OF฀DECOMPOSI

TION�฀ )N฀ THIS฀ CASE�฀ SIDE฀ CHAINS฀ IS฀ DECOMPOSED฀ AND฀ ALSO฀MAIN฀ CHAIN฀ IS฀
DECOMPOSED฀WITHIN฀LIMITS�฀(OWEVER�฀THE฀METHYL฀GROUP฀DECREASE฀THE฀
OXYGEN฀BALANCE฀FACTOR฀OF฀SIDE฀CHAIN�฀4HERE฀ARE฀ALSO฀POLYMERS�฀IN฀WHICH฀
THE฀NITRO฀GROUP฀IS฀SUBSTITUTED฀DIRECTLY฀TO฀THE฀MAIN฀CHAIN�฀!CCORDING฀TO฀
THE฀THEORY�฀THOSE฀POLYMERS฀SHOULD฀HAVE฀A฀GREATER฀EXPLOSIVE฀PROPERTIES฀
BECAUSE฀OF฀FACT฀THAT฀THE฀REACTION฀WILL฀COVER฀THE฀WHOLE฀MOLECULE�

3OME฀DIFFERENCES฀ARE฀NOTICED฀FOR฀AZIDO฀POLYMERS�฀#OMPOUND฀SYN

THESISED฀BY฀THE฀REACTION฀OF฀SODIUM฀AZIDE฀WITH฀POLYVINYL฀CHLORIDE฀����฀
AZIDO฀GROUPS฀ IN฀PRODUCT	฀DOES฀NOT฀HAVE฀HIGHER฀EXPLOSIVE฀PROPERTIES฀
THAN฀POLYMER฀WITH฀AZIDOMETHYL฀SIDE฀CHAIN฀;��=�

)N฀THE฀CASE฀OF฀A฀NITRO฀GROUP฀SUBSTITUTION฀FOR฀THE฀MAIN฀CHAIN฀INCREASES฀
THE฀HEAT฀OF฀COMBUSTION�฀WHICH฀TRIGGERED฀THE฀EXPLOSIVE฀REACTION�฀IN฀OP

POSITION฀ TO฀ COMBUSTION฀ OF฀ COMPOUNDS฀ WITH฀ NITRO฀ GROUP฀ SUBSTITUTED฀
TO฀SIDE฀CHAIN�฀4HIS฀IS฀RELATED฀TO฀THE฀OXIDATION฀POTENTIAL฀OF฀NITRO฀GROUP�฀
!N฀EXAMPLE฀OF฀SUCH฀฀POLYMER฀PRODUCT฀IS฀NITRATION฀POLYBUTADIENE฀WITH฀
HYDROXYL฀END฀GROUPS�฀(YDROXY฀TERMINATED฀POLYBUTADIENE฀IS฀USED฀FOR฀
MANY฀YEARS฀IN฀THE฀TECHNOLOGY฀OF฀EXPLOSIVES฀AS฀A฀BINDER฀OF฀PLASTIC฀EX

PLOSIVES�฀)T฀IS฀NOT฀EXPLOSIVE�฀BUT฀IT฀IS฀FUEL�฀AND฀MIXED฀WITH฀OXIDIZER฀GIVES฀
PROPELLANT�฀%XPLOSIVE฀IS฀GET฀IN฀NITRATION฀PROCESS�฀WHERE฀RATIO฀OF฀NITRATION฀
IS฀����฀3TRUCTURE฀OF฀HYDROKSY
TERMINATED฀POLYBUTADIEN฀NITRATED฀IN฀PART฀
IS฀SHOWN฀IN฀&IG฀��

4ABLE฀�
0ROPERITES฀OF฀POLY�GLICYDYL฀AZIDE	

4EST฀�฀0ROPERTY 2ESULT 3CORE

$ENSITY ����฀G�CM�

&ORM�฀COLOUR ,IGHT฀YELLOW฀LIQUID

'LASS฀TEMPERATURE 
��฀�#

"LASTING฀CUP $ID฀NOT฀DETONATE

5NCONFINED฀BURNING "URNS฀RAPIDLY

&RICTION฀SENSITIVITY฀�0ETERSo฀TEST	 ���฀K.

)MPACT฀SENSITIVITY฀�+ASToS฀TEST	 ��฀.M

4HERMAL฀STABILITY฀�WEIGHT฀LOSS฀AFTER฀�฀DAYS฀AT฀����฀�#฀AT฀INERT฀ATMOSPHERE	;�= ���฀�

%NTHALPY฀OF฀DETONATION฀�CALCULATED	;�= ����฀K*�KG

&IG�฀��฀3TRUCTURE฀OF฀POLY��
NITRATOMETYL
�
METYL฀OXETANE	

&IG�฀��฀3TRUCTURE฀OF฀POLY�GLYCIDYL฀NITRATE	�฀2฀s฀MULTIFUNCTIONAL฀ALCOHOL

&IG�฀��฀(YDROKSY
TERMINATED฀POLYBUTADIEN฀NITRATED฀IN฀PART�
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0OLYMER฀HAS฀SIMPLE฀STRUCTURE�฀4HE฀PARAMETERS฀OF฀EXPLOSIVES฀ARE฀ABLE฀
TO฀DETERMINE฀IN฀A฀WIDE฀RANGE฀BY฀CHANGING฀THE฀DEGREE฀OF฀SUBSTITUTION�฀)T฀
IS฀THE฀MOST฀PROMISING฀HIGH฀ENERGETIC฀POLYMER�฀(OWEVER�฀PHYSICAL฀AND฀
CHEMICAL฀PROPERTIES฀ARE฀SIMILAR฀TO฀PROPERITES฀OF฀HYDROKSY
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