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Important Events
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Year Event People

1893 Thermite reaction Hans Goldschmidt 
(German)

1899 Application 
(Welding tram tracks)

1956 Self-sustaining reactions (for 
powders)

Ryabinin et al. 
(Russian)

1960 Shock synthesis Batsanovet al. 
(Russian)

1961 Shock synthesis formed 
diamond particles (<10mm) 

DeCarliand Jamieson 

1980 Mechanism in shock synthesis Graham and Horie et al. 

1983 White solid flame form TiB2 

(SHS, Combustion Synthesis)
Merzhanovet al. 

(Russian)

*I. N. Ryabinin, Soviet Phys. Tech., Phys., 1 (1956) 2575

**A. G. Merzhanov et al., Self-propagating high temperature synthesis. Physical Chemistry: Modern Problems, ed. Ya. M. Kolotyrkin. 

Khimiya, Moscow, (1983)

***P. S. DeCarli, and J. C. Jamieson, Formation of diamond by explosive shock, Science 134, (1961) 92.

****M. A. Meyers et. al., Materials Science and Engineering A201 (1995) 150-158



Applications of Rapid Exothermic Reactions 

Ò Thermite Reactions
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Fuels: Al, Mg, Ca, Ti, Zn, Si, B
Metal oxides: B2O3, SiO2, Cr2O3, MnO2, Fe2O3, CuO, 

Fe2O3+AlŸ2Fe+Al2O3+Heat

3CuO+2Al Ÿ3Cu+Al2O3+Heat

Thermite mixture (Al+Fe2O3)

ɕ7ÉËÉÐÅÄÉÁ Ȱ Thermiteȱɉ(ÔÔÐȡȾȾÅÎȢ×ÉËÉÐÅÄÉÁȢÏÒÇȾ×ÉËÉȾ4ÈÅÒÍÉÔÅɊ

Tram tracks reparation  



SHS(Combustion Synthesis)
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Soldering

Brazing

ÅJ. Wang, E. Besnoin, A. Duckham, S. J. Spey, M. E. Reiss, O. M. Knio, and T. P. Weihs, J. Appl. Phys. 95, 248 (2004).

ÅJ. Wang, E. Besnoin, O. M. Knio, and T. P. Weihs, Acta Mater. 52, 5265 (2004).

ÅA. J. Swiston, T. C. Hufnagel, and T. P. Weihs, ScriptaMaterialia48, 1575 (2003).
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Combustion synthesis (SHS)

*J. C. LaSalvia, An investigation into the synthesis and processing of dense titanium carbide-molybdenum based cermets 
utilizing combustion synthesis with impact forging, Ph. D. thesis, (1994)



Shock-induced Reactions
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Military

/.2ȭÓ 2ÅÁÃÔÉÖÅ -ÁÔÅÒÉÁÌÓ 
Enhanced Warhead

100% improvement lethal radius

Shock Synthesis (CuInSe2)

*T. Wada, and H. Konoshita, Rapid exothermic synthesis of chalcopyrite-type CuInSe2, J. Phys. Chem. Solids 66 (2005) 1987



Traditional Diffusion Couple

Ò Nb-Si Diffusion Couple
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×Nb-Si diffusion couple was annealed under 
fixed temperature (1200oC)

×The intermetallic compounds (NbSi2 & 
Nb5Si3) were formed gradually. 

×The prediction of the intermetallic compound 
formation shows that temperature did not 
effect the compounds formation significantly.

×By using                             , we can estimate, that 
under the same time(t) and same temperature 
(T), the shock-induced reaction is 107~10 9

times faster than the reaction of the diffusion 
couple. 
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*K. S. Vecchio et al., Acta Metall. Mater. Vol. 42, No. 3, (1994) 701-714
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*J. S. Kim, et al., Science, Vol. 321, (2008) 1472

**E. Ma et al., Appl. Phys. Letters 57, (1990), 1262

***H. N. Jarmakani et al., unpublished 

×Laser or electric ignition was 
conducted on the reactive laminates or 
pre-compressed powders

×Exothermic behavior of reactive 
materials is the main driving force for 
reaction propagation

×Liquid & solid state process both 
involved in the reaction

×Sample was made by (CVD or PVD) 
1. The bilayer thickness is < <1µm

2. The sample thickness is very uniform

SHS (Combustion Synthesis): 
Experimental Approach



Combustion Synthesis (Dynapak)

University of California, San Diego 10

*J. C. LaSalvia, An investigation into the synthesis and processing of dense titanium carbide-molybdenum based cermets 
utilizing combustion synthesis with impact forging, Ph. D. thesis, (1994)



Results
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**K.N. Tu et al. Appl. Phys. Lett., 57 (12) 17 Sept 1990

As-deposited Anneal 750oC SHS

Combustion synthesized Combustion synthesized-impacted forged



Diffusion
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Ò Diffusion

*J. Wang et al. Journal of Appl. Phys Volume 95, Number 1 (2004)

**A.B. Mann et al. Appl Phys Lett 82 (3) 1 Aug 1997

× For each bilayer can be seen as 
a 2-D structure 

× Reaction propagating direction 
is  parallel to x-z plane

× Thermal Diffusionɀx direction

× Atomic Diffusionɀy direction
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× This reaction rate can be expressed by

where A is assumed to be a pre-exponential constant, and Q 
is the activation energy.

× Finally, we have

which provides the maximum reaction length below which 
the SHS process may occur.

× When the reaction temperature T increase we can get larger 
Lmax (but the T is limited depending on the materials), it also 
implies when T0 increase the Lmax will become larger**

*K.N. Tu et al. Appl Phys Lett 57 (12) 17 Sept 1990

**C. E. Wickersham et al., J. Vac. Sci. Technol. A 6, (1998) 1699



Micro -mechanisms (Combustion Synthesis)
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Dissolution -precipitation

ÅC atoms diffuse into liquid Ti to form TiCx

Reaction and melt diffusion

ÅTi atoms diffuse into solid C to form TiCx .

*J. C. LaSalvia, An investigation into the synthesis and processing of dense titanium carbide-molybdenum based cermets 
utilizing combustion synthesis with impact forging, Ph. D. thesis, (1994)



Shock synthesis: Experimental Approaches
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*M. A. Meyers et al., Materials Science and Engineering A201 (1995) 150-158

**S. S. Batsanov, et al., Effect of Explosions on Materials, Springer, New York, 1994

***M. A. Meyers, Dynamic Behavior of Materials, J. Wiley, New York, 1994, p. 640.

×Detonation starts from top to the bottom

×The periphery pressure is around 
3~10GPa

×The Mach stem reinforced the pressure 
around 10~70GPa(By estimation from 
Batsanov** & Meyers***)

×The strain of a and b direction is about 
0.55(                   ,                   )

Ò Cylindrical explosion:

Symmetrical Asymmetrical


