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ANALYSIS ON COMPUTATION OF KAMLET PARAMETER @ FOR 

CHNO EXPLOSIVE MIXTURES 

Zhou Xing X i  Y u  Yong Zhong 

Department of Chemical Engineering 

Bei j ing I n s t i t u t e  of Technology 

Bei j ing 100081, China 

ABSTRACT 

K a m l e t  parameter @ has been used t o  p r e d i c t  many explos ive  

performances within appl icable  e r r o r s .  There are three 

computation methods of @ f o r  a n  explos ive  mixture in references:  

Kamlet's o r ig ina l  def in i t ion  of  @ (as @ d, by using 

weighted-average N, M and Q v a l u e s  of p u r e  components C as @ 

and by adding  t h e  weighted @ v a l u e s  of p u r e  components ( as 

@ III). In this paper, a n a l y s i s  shows t h a t  t h e  t h r e e  @ v a l u e s  can  

p r e d i c t  de tona t ion  v e l o c i t y  and d e t o n a t i o n  p r e s s u r e  within 

a p p l i c a b l e  a c c u r a c i e s  o v e r  a b r o a d e r  r a n g e  of chemical t y p e s  f o r  

CHNO explos ive  mixtures. Note t h a t  @ 111 gives the  b e s t  

p red ic t ion  r e s u l t s  and h a s  t h e  simplest computation. 
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INTRODUCTION 

In  a se r i e s  of in te res t ing  papers, K a m l e t  and coworkersl-lL and 

o the r  workers'2-14 have presented empirical co r re l a t ions  to  

pred ic t  the explosive performances of a condensed explosive in 

terms of @ and p ( the loading density) of t he  explosive. Table 

1 Lists these simple prediction equations of explosive performances 

in terms of $5 and p .  K a m l e t  parameter d i s  defined by: 

Eq. 1 4 = NM1/ZQ1/2  

where N is the number of moles of gaseous products  of detonation 

per gram of explosive, M is the average molecular weight of the 

gaseous products and Q is t h e  ' I  heat of detonation " in ca lo r i e s  

pe r  gram of explosive. For an explosive having the  general 

formula C,HbN,Oa, may be determined from the H20-C02 

arbitrary assumption of detonation product compositions (Table 2). 

Because explosives are usually used as mixtures, i t  is necessary 

to discuss the computation of Kamlet d f o r  explosive mixtures o r  

formulations. The explosive mixtures contain one o r  more explosive 

compounds and one o r  more ingredients such as binders, 

plasticizers,  sens i t izers  o r  desensit izers,  oxidizers, metals, and a 

coloring agent. In th i s  paper w e  w i l l  limit ou r  discussion to  

explosive mixtures containing only C, H, N, and 0 atoms because 

Kamlet co r re l a t ions  ( see Table 1) can give good predictions of 

exp 1 o sive performances f o r  pure C,HbN,Oa exp 1 osive compounds. 

There are three computation methods of 4 f o r  a n  explosive 

mixture I n  references. The first method is Kamlet's original 
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def in i t ion  of # ( defined as # I in  t h i s  p a p e r  1; t h e  second is 

using weighted-average N, M and Q v a l u e s  of p u r e  components ( 

defined as # the t h i r d  is adding the  weighted @ v a l u e s  of 

p u r e  components ( defined as d 111): 

# 111 = c x i  d i Eq.2 

where xi and # are t h e  weight p e r c e n t  and Kamlet # of t h e  i-th 

component of t h e  explos ive  mixture. 

In t h i s  paper w e  will g ive  a comparison of  (6 r, @ and # 111 

and then will e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  v a r i o u s  8 in 

p r e d i c t i n g  e x p  1 o sive performances. 

RESULTS AND DISCUSSION 

equi  

with 

t h a t  

F o r  purposes  of i l l u s t r a t i o n  a b o u t  v a r i o u s  computation methods 

of 6, 21 explos ive  mixtures  with composition of C,HbN,O, are 

a r b i t r a r i l y  chosen t o  s e r v e  as t h e  examples and p r e s e n t e d  i n  Table 

3. These explos ive  mixtures  are cons idered  t o  c o v e r  a b r o a d e r  

r a n g e  of explos ive  types. The cor responding  @ I, # I I  and # 111 

v a l u e s  are a l s o  assembled in  Table  3. 

The computation of # r i s  based on t h e  assumption of complete 

ibra t ion ,  i.e., a l l  components are assumed t o  react completely 

each o t h e r  on  d e t o n a t i o n  to form t h e  same s e t  of p r o d u c t s  

one would expect from a homogeneous explosiveof  t he  same 

elemental  composition. Some Ho+ v a l u e s  of explos ive  mixtures  

are taken from Ref.15 and Ref.iG, t h e  o t h e r s  are est imated b y  t h e  

p r e s e n t  a u t h o r s  in t h e  fol lowing way: 

Q H0r = C (100XJMWi) Q Ho+i Eq.3 
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where xi , MWi and Hofi are t h e  weight percent ,  molecular  weight 

and heat of formation of the i-th component of t h e  explos ive  

mixture ( MW of a n  explos ive  mixture  i s  cons idered  to  b e  100 ). 

Hair v a l u e s  are token from Table  5-1 of Ref.15. Some N, M and Q 

o r  @ v a l u e s  of p u r e  components are taken  from Ref.1 and  Ref.3. 

the  o t h e r s  are c a l c u l a t e d  by t h e  p r e s e n t  a u t h o r s  accord ing  t o  Eq.1 

and Table  2. I t  should  be noted t h a t  t h e  expec ted  small 

c o n t r i b u t i o n  from a n  i n g r e d i e n t  ( when 57800b + Hof < 0)  is 

ignored in  t he  computa t ions  of @ II and @ I I I .  

The d a t a  in  Table  3 show that: (1) @ 111 c o r r e s p o n d s  c l o s e l y  t o  

@ and t h e  d i f f e r e n c e  between @ 111 and Q I I  is v e r y  small in  

most cases, b u t  @ 111 d i f f e r s  increas ingly  from # I I  as t h e  

d e t o n a t i o n  p r o d u c t  s p e c i e s  from a l l  components are n o t  common 

(i.e., t h e  components are in d i f f e r e n t  column of Table 2); (2) (6 I 

a l s o  c o r r e s p o n d s  c l o s e l y  t o  @ I I  o r  # 111 if t h e  components are in 

t h e  same column of Table  2. I t  should  be noted  t h a t  # I v a l u e s  

based on a Hor of Ref.16 are larger than  t h o s e  based on A Hof 

taken from Ref.15 o r  es t imated from Eq.3. The o r i g i n a l  proposer .  

Kamlet, did n o t  d i s c u s s  t h e  computation of @ f o r  explos ive  

mixtures, b u t  used Q I~ f o r  most of explos ive  mixtures  in  h i s  

papers. 

Now we  c a n  c o n s i d e r  t h e  e f f e c t i v e n e s s  of v a r i o u s  Q v a l u e s  i n  

pred ic t ing  the  explos ive  performances f o r  explos ive  mixtures. The 

de tona t ion  v e l o c i t y  (D) and d e t o n a t i o n  p r e s s u r e  (P) are two bas ic  

performance p r o p e r t i e s  of a n  explos ive  and  are u s u a l l y  taken as 

the  s u b j e c t  of eva lua t ion .  In p r e s e n t  p a p e r  we  will a l s o  s e l e c t  

de tona t ion  v e l o c i t y  and d e t o n a t i o n  p r e s s u r e  as examples a l t h o u g h  
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w e  can eas i ly  extend ou r  evaluation t o  o the r  explosive 

performances ( see Table 1) .  

In Table 4, w e  have l isted the  calculated D and P values from 

I I  and q5 111 toge ther  with the experimental D and P values. 

The  experimental D and P values are from Ref.3-4 and Ref.15-17. The 

explosives in Table 4 have the same numbers in Table 3. 

I, 

The experimental and calculated values are t rea ted  by l inear  

equation of y = a x  +b, where Y is f o r  the  experimental data,  x is 

f o r  the corresponding ca lcu la ted  value, and r is the cor re la t ion  

coefficient. The r e su l t s  of these treatments are given i n  Table 5 ( 

29 da ta  sets ). In each column of Table 5, two values are given, the 

upper is fo r  detonation velocity data;  the lower is f o r  detonation 

pressure data. As indicated in Table 5, good agreements are 

obtained between the experimental and ca lcu la ted  D and P values 

from t h e  th ree  d values (accuracies generally a t t r i bu ted  t o  

experimental measurements are a f e w  percent f o r  D and k 10 % f o r  

Plb), and the calculated D and P by d 111 correspond c loses t ly  to  

experimental values. 

CONCLUSION 

Kamlet parameter d may be used t o  predict  many explosive 

performances within applicable e r rors .  The hea t  of formation ( 

L!, H o d  of an explosive mixture f o r  t h e  computation of 4 is not  

readily available i n  references, and when i t  is, of ten  the accuracy 

of i t  is low. There are three  computation methods of @ f o r  an 

explosive mixture i n  references: the first is Kamlet's original 
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definition of 6 ( as 6 I); the second is using weighted-average 

N, M and 8 values of pure  components C as $ d; the  th i rd  is 

adding the weighted Cp values of pure components ( as Cp ). 

In  th i s  paper, comparison a r e  presented f o r  the three  4 values 

of 21 explosive mixtures ove r  a broader range of chemical types. 

The effectiveness of the  th ree  4 values in predicting explosive 

performances i s  a l so  evaluated ( detonation ve loc i ty  and 

detonation pressure  are taken as examples of evaluation 1. Good 

agreements are obtained between the  experimental and ca lcu la ted  D 

and P va lues  ( 29 d a t a  sets), and 6 111 may give the  bes t  

prediction results.  The computation of 4 111 is very simple. I t  may 

be ava i lab le  f o r  engineering ca lcu la t ions  of explosive mixtures. 

REFERENCES 

1) M. J. Kamlet and S. J. Jacobs, "Chemistry of Detonations. I. A 

Simple Method fo r  Calculating Detonation of C-H-N-0 Explo- 

sives", J. Chem. Phys., 48, 23-35 (1968). 

2) M. J. Kamlet and J. E. Ablard, "Chemistry of Detonations. I I .  

Buffered Equilibria", .I. Chem. Phys., 48, 36-431968). 

3) M. J.  Kamlet and C. Dickinson, "Chemistry of Detonations. 111. 

Evaluation of the Simplified Calculational Method f o r  

Chapman-Jouguet Detonation Pressures  on the Basis of 

Available Experimental Information", J. Chem. Phys., 48, 43-50 

(1968). 

4) M. J. Kamlet and H. Hurwitz, "Chemistry of Detonaions. IV. Eval- 

uation of a Simple Predictional Method f o r  Velocities of 

288 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



C-H-N-0 Explosives", J. Chem. Phys., 48, 3685-92(1968). 

5) ti. H u m i t z  and M. J. K a m l e t ,  "Chemistry of Detonations. V. 

Simplified Method € o r  Calcu la t ion  of P r e s s u r e s  of C-H-N-0 

Explosives  on K-W Isentropes", Isr. J. Technol., 7(6), 431-440 

(1 969). 

6 )  M. J. Kamlet and J. M. Shor t ,  "The Chemistry of Detonations. VI. 

A 'Rule f o r  Gamma' as a C r i t e r i o n  f o r  Choice among Conf l ic t ing  

Detonat ion P r e s s u r e s  Measurements". Combust. Flame, 38, 221- 

230( 1980). 

7) J. M. S h o r t ,  F. H. Helm,  M. Finger  and M. J. K a m l e t ,  "The Chemis- 

t ry  of Detonations. VII .  A Simplified Method f o r  Predic t ing  

Explosive Performance in  t h e  Cylinder  Test". Combust. Flame, 

43, 99-109(1981). 

8) M. J .  Kamlet, J. M. Shor t ,  M. Finger, F. H e l m ,  R. R. McGuire and 

I. B. Akst, "The Chemistry of Detonations. VIII.  E n e r g e t i c s  Re- 

l a t ionship  on t h e  Detonat ion Isentrope", Combust. Flame, 53, 

325-333( 1983). 

9) M. J. Kamlet and M. Finger ,  "An Al te rna t ive  Method f o r  Calcu- 

l a t i n g  Gurney Velocities", Combust. Flame, 34, 213-214(1979). 

10) J. M. Shor t ,  H. G. Adolph and M. J. Kamlet, "Simplified Methods 

€ o r  Predic t ing  Explosive Performance Parameters  Including 

Eremenko' s R e  la t ive Detonation Impulses", Proceedings  of  t h e  

Seventh  Symposium ( In te rna t iona l )  on Detonation, Annapolis. 

USA, May 1982, pp. 545-549. 

11) R. M. Doherty. J. N. S h o r t  and M. J. K a m l e t ,  "Improved Predic- 

t ion  of  Cyl inder  Test Energies", Combust. Flame, 76, 297-306 

(1989). 

289 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



12) M. Defourneaux, "Sciences e t  Techniques d e l '  Arement", 47. 723 

(1973); Eng 1 ish t r a n s l a t i o n  in  UCRL-Trans-10788, t 974. 

13) D. R. Hardes ty  and J. E. Kennedy, "Thermochemical Estimation 

of Explosive Energy Output", Combust. Flame, 28, 45-59(1977) 

14) W. H. Andersen, "Comments on 'The Chemistry of Detonations."', 

Combust. Flame. 45, 309-316(1982). 

15) R. M. Dobratz ,  "LINL Explosives  Handbook-Properties of Chemi- 

c a l  Explosives  and Explosive Simulants", Universi ty  of Cali- 

f o r n  ia  Press ,  UCRL-52997(1981) 

16) C. L. Mader, "Numerical Modeling of Detonations", Universi ty  of 

Cal i forn ia  Press ,  Berkeley,  1979 

17) T. R. Gibbs and A. Popola to ,  "LASL Explosive P r o p e r t y  Data", 

Universi ty  of Cal i forn ia  Press ,  Berkeley, 1980 

290 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
1
 

SI
M

PL
E 

PR
ED

IC
TI

O
N

S 
O

F 
EX

PL
O

SI
V

E 
PE

RF
O

RM
A

N
CE

S 
IN

 T
ER

M
S 

O
F 

KA
M

LE
T 

PA
RA

M
ET

ER
 
6
 

E
xp

lo
si

ve
 P

er
fo

rm
an

ce
 

Sy
m

bo
l 

U
ni

t 
P

re
d

ic
ti

o
n

 E
qu

at
io

n 
R

ef
. 

D
et

on
at

io
n 

P
re

ss
u

re
 

P 
D

et
on

at
io

n 
V

el
oc

it
y 

D 
C

al
cu

le
 B

al
li

st
iq

u
e 

CB
'&
 

G
ur

ne
y 

V
el

oc
it

y 
(2

E)
 lH

2 

(2
E)

'" 
C

yl
in

de
r 

V
el

oc
it

y 
V V

aa
 

C
yl

in
de

r 
E

ne
rg

y 
E

ov
 1 (

6m
m

) 
Eo

v l
(1

9m
m

) 
R

el
at

iv
e 

D
et

on
at

io
n 

Im
pu

ls
e 

I
r
e

1
 

A
di

ab
at

ic
 E

xp
on

en
t 

r 

G
Pa

 
km
/s
 

km
/s
 

K
m

/s
 

Km
/s

 
km

/s
 

km
/s
 

M
J/K

g 
M

J/
K

g 

P 
= 

1.
55

8 
@

 
p 

D 
= 

1-
01

 6
 '/

2(
1+

1.
30

 
p 

1 
CB
'-
 

= 
(1

.2
 

p 
/(

1+
1.

30
 

p 
1)

 @
 '&

 
(2

E
)'/

2 
= 

0.
53

(1
.4

4 
@

 p
 

+ 
0.

60
 

(2
E

)'
/"

 
= 

0.
88

7 
8 

p 
V 

= 
0.

36
8 

@
 D

. 
5
4
 
p 

D
.8

4
 

(V
ao

)' 

0.
20

0 
@

 
'*

 5D
(1

.1
04

-0
.2

65
M

F(
H

~0
))

 
E

od
~(

6m
m

) =
 0

.0
65

9 
@

 p
 

E
ov

~(
19

m
m

) = 
0.

09
27

 @
 p

 
'*

C
S

 

Ir
e1

 =
 1

5.
06

 @
 

p 
'' l

ee
 

r 
= 

18
4(

N
"M

/ 
@

 )
 p

 
+

 1
.1

68
* 

3 4 12
 

13
 

9 7 11
 

10
 

10
 

10
 

14
 

' 
T

he
 o

ri
gi

na
l 

eq
u

at
io

n
 h

as
 b

ee
n 

w
ri

tt
en

 a
cc

o
rd

in
g

 t
o

 
@ 

= 
NM

'/Z
Q'

/f!
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 2 

THE COMPUTATION OF N, M AND Q FOR C-HbNcOa- 

d22a+(b/2)  2a+(b/2) > d  h b/2 b/2 > d 
_______ - 

b+2c+2d b+c 
___. 

b+2c+2d 
N 

48a+4b+56c+64d 48a+4b+56c+64d 24a+2b+28c+32d 

48a+4b+56c+64d 56~+88d-8b 2 b+28c+32d 

b+2c+2d b+2c+2d b+c 
M -~ 

28900b+94000a+AHf0 5400b+47000d+flHf0 57800d+flHf0 

12a+b+14c+16d 12a+b+14c+16d 12a+b+14c+16d 
-~ 8 

nHfo i s  the standard heat  of formation of the unreacted 

explosive in cal/mol. 
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TABLE 3 

COMPARISON RESULTS OF @ I, @ II  AND @ III  

No. Explosive @ I  @ I1 d I I I  

I .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

RDX/TNT-50/50 

RDX/TNT-60/40 

RDX/TNT-64/36 

RDX/TNT-65/35 

RDX/TNT-75/25 

RDX/TNT-77/23 

RDX/TNT-78/22 

HMX/TNT-76.3/23.7 

HMX/Es tane-90/ 10 

LX-14 

PBX-9404 

PETN/TNT-35/65 

PETN/TNT-40/60 

PETN/TNT-45/55 

PETN/TNT-50/50 

EDC-11 

EDC-24 

MB/NM-I 4.5/85.5* 

NM/TNM-1/0. 071b 

NM/TNM-1/0.25" 

NM/TNM-1/0.50b 

5.803" 

6. 032d 

6.237' 

6. 08gc 

6.290d 

6.503" 

6.343" 

6.480" 

6.205d 

6.516* 

6.597d 

5.516' 

5.609" 

5.706" 

5.789* 

6.087" 

6.638" 

5.857" 

7.333" 

7.770" 

6.810" 

5.806 

5.992 

6.063 

6.086 

6.292 

6.319 

6.331 

6.310 

6.318 

6.545 

6.321 

5.492 

5.586 

5.680 

5.796 

5.924 

6.112 

4.792 

6.193 

5.610 

5.173 

5.81 1 

6.006 

6.083 

6.103 

6.298 

6.336 

6.356 

6.314 

6.194 

6.483 

6.518 

5.526 

5.625 

5.723 

5.822 

6.057 

6.433 

5.606 

6.084 

5.421 

4.986 

* MB = Toluene. Mixture propor t ions  by mole. 

nHro is estimated. QH=O is taken from Ref.  15. 

a nHro i s  taken from Ref. 16. 
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TABLE 5 

ANALYSIS OF PREDICTION RESULTS 

a b r +A* .-A%** 

$ 1  1.066 -0.635 0.968 0.158 2.13 

1.183 -4.73 0.984 1.41 6.14 

d I1 0.907 0.778 0.978 0.137 1.88 

1.093 -1.23 0.985 1.49 5.18 

'$111 0.923 0.628 0.980 0.121 1.63 

1.094 -1.43 0.991 1.38 4.87 

* The average difference.  

** The average absolute  deviat ion.  
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