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Improvement in Thermal Stability and Study of Degradation Kinetics of C4

Explosive in the Presence of Irganox 1010 Antioxidant

S. Damiri’, B. Laeini, A. Mousavi-Azar, M. Hayati
Maleke Ashtsr University of Technology, Isfahan
(Received: 6/14/2016, Accepted:9/25/2016)

Abstract

C4 composition is a explosive formulation based on cyclotrimethylenetrinitramine explosive (RDX) and polyisobutylene
binder (PIB), which some environmental factors such as thermal and oxygen lead to change in its color
and physical characteristics. In this research, the effect of different concentrations of Irganox 1010 antioxidant on thermal
degradation and stability of PIB and C4 at different temperatures was investigated using ultraviolet-visible (UV-Vis.)
absorption spectroscopy, colorimetric histograms, thermal analysis and attenuated total reflection (ATR) infrared
spectroscopy techniques, then the quality, absorption and color of the materials were studied quantitatively. Also, the
necessary kinetic analyses were evaluated by Arrhenius method to estimate the rate constants and activation energies (E,)
of the thermal degradation reactions, from accelerated aging results on C4 and PIB at different temperatures. The results
show that presence of antioxidant in the mentioned materials leads to 2-3 times reduction in the degradation and color
change kinetics, and also increasing of activation energy of reactions. In the presence of 0.4 wt. % antioxidant, activation
energies are increased from 67.4 to 97.8 kJ/mol for PIB, and from 117.88 to 136.80 kJ.mol for C4. Moreover, the chemical
lifetime of C4 based on the color change, predicted using Vant-Hoff equation, in the temperature of 80.0 °C and the
presence of 0.4 wt. % antioxidant, are changed from 1.3 to 25.0 years.

Keywords: C4 Explosive, Antioxidant, Accelerated Ageing, Thermal Stability, Kinetics.
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7- Homolytic Fragmentation

8- Pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate) : Irganox 1010

9- Octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-Propionate: Irganox
1076

10- Tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate : Ethanox 314
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1- Plastic Bonded Explosive (PBX)

2- Cyclonit or Cyclo Trimethylenetrinitramine
3- Polyisobutylene

4- Taggant (Tagging Agent)

5- Ageing

6- Migration
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7- Semetx

8- N- Phenyl- 2- Naphthyl Amin

9- Eutectic Mixture o f Bis(2,2-Dinitropropyl)Formal (BDNPF ) and
Bis(2,2- Dinitropropyl)Acetal (BDNPA)

10- Irganox 1010

11- Gel Permeation Chromatography

12- Hydroxy-Terminated Polybutadiene (Htpb)

13- BASF

Sls—e ay (TNPP) ' Ci o (b g3 s 5 dilo (6 yaud
NS CRPIIPONVEL g FESPIN | 4 § IV JORpIPYUNCIEY PRVEL NS
Bile yoe b (3l (slp ol Sl 135 el g3 L1 wiile
lagael g [TV 5 lopew ;0 o J8 L oles 5o gl (b

IV F-YO]og05 o,Lisl 005 los5k

5o oslaiwl 8590 (PIB) (lsgmgnlsh youky 50lb (oly> 5 S,
g (58T g Lod Jolge 1,8 5 loj <3S L C4 ()il oS 5
cslin T 5T Bl gz 05,5 oo (glalimdle Ll 23l oo
Cosslie clasme (y5enS] Jlge Corbls il olalies (C4 oS 5 6
o = B9y b i ) nlie 098 aladi D)l pl o
Sl g oy L (6 )55 5 i pH cconlin cand (slyls <05
ol i 5l s a4y st ol oS T T el e 0 yomitie
Lyl s )0 1500 xS oles oogaze ,o oolaiwl cobld g b S5
s lmoo S s L ol T e a o (5,0
S el (les 03gaoe a5 Zewl S8 4 a3V aBl e 5555
035155l sl el byl T sl s Lol slo lns ;)
SFF sl GloosS Il (=Y -°0) (b 5 Y slales o
039030 )0 (295 sl 3,Shoe o pal JenS g pod Cophnd alin
005 )lo5L el saisS s 9\°MM9,., AD-Y- °C Hleo
slos o Gaa Vs b g Jle oy 3, Slas (HALS) ° el 5
el 59 0I5l az ST aims e i 0> SN °C Sl el
e go ooliiul iy tanslsle andl il o cblis gl Ygans
VY0 °C 15 slales ,o e s 5> sbronuSeeis b
LS 5 e eizman [VF-YF sl o S SYsb 5SS sl
ool s o oSt 5T e o 4 48 Coal ans i b
PRyt 15 ol JSI1 5l L Jod g oo oolitial Snio
Sl Jed Sl 5 pUlg cul s 1 A8 Jgd (o590
gl 095 e 30 Jale 90 51 3T slo S0l 0,8 Jbb sl

LVAL s s (slogyg 2SI JUES) Sy Gizmen 5 Lo 9id
15 Lo ST i 5l osliul 5 y5s s s pizie Lol
VAA s s o sl Sgasme Lo (g, Lol glmysu¥ g9
STV Jacie any” Sl pl o] T 5l eslial L [YV] S50
soelis SUVNY /AVIO HMX)  X-+YAA 6, miie fygeaVgo 3
03ls (sl Cosliie (s, g, LVIVA sokiary kol

1- Tris(Nonylphenyl) Phosphite (TNPP)

2- Metal Deactivators

3- Ethylene Diamine Tetraacetic Acid (EDTA)
4 Thiosynergists

5- Hindered Amine Light Stabilizers (HALS)
6- Irganox
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