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UnfavourableTrade-Off: High Temperature Explosives vs Performance Sacrifice

Introduction & Background: 
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Wireline TCP
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Ballistics in Perforating assembly
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ÅExplosive Components    

in a TCP GunSystem
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Criteria For Ballistics
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Factorsin a harsh
high temperatureenvironment:

Å Safety
Å System reliabilitynot just component

reliability
Å Performance

ü Test Initiation-System 
Initiator-Booster-DetonatingCord

ü Test Performance of shapedcharges
after/duringtemperatureexposure
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High Temperature Initiation Components
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ÅDSC (Differential Scanning 
Calometry) Analysis for HNS:

ÅCurrentPercussion Initiators 
are limited by both the
primaryEx. (PbN6) andthe
mainbaseloadHNS to approx. 
300°C.

ü Alternatives to PbN6 & HNS 
with a higherthermal 
stabilityandequivalent
ballisticoutput

Melting Point 
~320oC

HNS

Deflagration  
~362oC

Lab Analysis courtesyof DynitecGmbH
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High Temperature Initiation Components
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ÅDSC Analysis for PYX: 
higherthermal stability

ü PYX Bi-Directional
Booster

ü PYX DetonatingCord

ü PYX basedPI usinga      
PbN6 alternative  
appearsto havea  
potential for higher
thermal stabilility

PYX

Deflagration  
~372oC

Lab Analysis courtesyof DynitecGmbH
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High Temperature Initiation Components

MENAPS 16-14 

7

Å New High-Temp-Primary (HTP), free of PbN6 ,with higherthermal stability(approx. 350°C)

ü Percussion Initiator with HTP andPYX Base Load

HTP 
Deflagration  
~368oC

DTA Analysis

Lab Analysis courtesyof DynitecGmbH

TG ςHTP  2 deg/min  
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Initiating System Testing

PYX cord
Exposure VoD(m/Sec) % Reduction

Ambient 6340 0%

290oC/ 2hrs 6125 3,40%

250oC/100hrs 5934 6,40%

250oC/200hrs 5890 7,1%

PYX Cord &
Booster 

Å HTP-t¸· tŜǊŎǳǎǎƛƻƴ LƴƛǘƛŀǘƻǊ Ҧ t¸· .ƛ-5ƛǊŜŎǘƛƻƴŀƭ .ƻƻǎǘŜǊ Ҧ 
PYX Detonating Cord 

Å Expected loss of approx. 3-5% VoDduring exposure

Å PI function and high-order transfer to exposed booster & 
detonating cord confirmed  with Pbwitness plate
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Initiating System Test Results
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Å Sets of Percussion               
Initiators, Boosters and
Cord were testedduring
& after exposureto
temperature

Å Changesin explosive   
output of PI canbe
observedin output
bore-diameter 

Å HTP stableup to
250°C/250hrs, PYX loses 
performance

Percussion Initiators ςoutput side

High Temperature
Exposed

Shotat ambient
Temperature

Beforeloading

ExposureConditions
AverageOutputBore
Diameter(") Result

None 0.2 UnusedStatus

None/Ambient 0.252 High Order Transfer

290oC/2hrs 0.248 High Order Transfer

220oC/250hrs 0.239 High Order Transfer

250oC/100hrs 0.244 High Order Transfer

250oC/200hrs 0.230 High Order Transfer

250oC/250hrs 0.21
PI FiredςNoTransfer to
Booster
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Confirmation of Thermal Stability Data Points
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Properties of Oilfield Explosives ςShaped Charges: 
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Explosive Name Acronym
Thermal Deflagration/
DecompositionPoint (oC) Max Density(g/cm-3)

Theoretical
VoD(m/s)

Hexogene RDX 230 1,82 8750

Octogene HMX 287 1,96 9100

Hexanitrostibane HNS 320(melting) 360(deflagration) 1,74 7100

Pycrlaminodinitropyridin PYX 373 1,75 6900

Diamino-3,5-Dinitropyrazine-1-Oxide LLM-105 352 1,83 8730

1,3,5-triamino-2,4,6-tinitrobenzene PTB (PYX-TATB) 355 1,79 7613
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Properties of Oilfield Explosives ςShaped Charges: 
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Analysis of LLM-105
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ÅDSC & TG Analysis:

ÅExothermiceventat 
approx. 220°C

ÅThermal instabilityalso 
publishedin literature

LLM-105

Deflagration  
~351oC

Exothermicevent
~220oC
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Analysis of LLM-105
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ÅTG (Thermogravimetric) Analysis:
LLM-105 ExposureConditions TG Weight Loss 

190oC / 72hrs 5%

220oC / 24hrs 7,40%

240oC / 10hrs 10,80%

280oC / 15hrs 93%

Å Constant weight less/outgassing at high 
temperatures

Å Small weight loss<1% duringramp-up to
240oC

Å Not stablefor high temperature
applications

5%

10,8%
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High Temperature DSC Comparison
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PYX
TATB

LLM-105

ÅPYX, TATB & LLM-105 Deflagration Points
ÅDifferingWeight-Loss Phenomena
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Performance at Ambient & High Temp Conditions
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Summary
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Å Certaincritical functionpointson the Thermal StabilityGraph wereconfirmedfor
systemfunctionalitywith PYX andHTP  Percussion Initiator. 

Å Booster & DetonatingCord performancewas confirmedduring& after exposure

Å SignificantPerformance Degradation of shapedchargesafter exposureto high 
temperatures(250oC). 

Å Potential applicationfor LLM-105 lies aboveRDX & HMX but belowHNS & PYX.  
Vacuumstability testsindicatesthat an applicationup to 190°C/longterm
exposuremaybe possible.  LLM-105 exhibitslarge outgassing >220°C.

Å Possiblya potential applicationfor the alternative PTB material after further
refinementof the synthesisprocess.
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QUESTIONS? 
THANK YOU! 
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