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PROPERTIES AKD CHARACTERISTICS 
OF ÄI,ÜMIMJK EXPLOSIVES 

-USSR- 

fj?olloving is the translation of an article entitled 
"Svoystva i osobennosti alyuminiyevykh vsrychatykh veshehestv" 
(English version above), by Candidate of the Physicosicthematical 
Sciences S. B. Eatner in fiprnyy^Zhurxial {Mining Journal), Vol. 121, 
No» 55 Moscow, 1947, pp 21-25.3 

As regards the amount of oxidation energy per unit of weight, 
aluminum occupies one of the first positions among the elements. 
The combustion of aluminum produces AlpQ-3« The energy of formation 
for this oxide (from metallic aluminum and molecular oxygen in 
the gaseous state) is equal to 390 kilo-calories/mole, or 7.2. kilo- 
calories per gram of aluminum. Until very recently it was thought 
that in an explosion, aluminum oxide was produced in solid form. 
Not long; ago, however, the possibility of its evaporation has been 
indicated (1), This requires the expenditure of about 120 kilo- 
calorie s/uole, which decreases by one-third the energy of combustion 
of aluminum. The boiling point of Algö-a under the conditions of 
a detonation wave reaches- roughly 5000°'. Consequently, an appreciable 
portion of the aluminum oxide can evaporate in an explosions and this 
will alter considerably the explosive properties of a Mixture. 

The most important class of alumimaa explosives is the ammonal 
group. Let us examine the simplest case, in which the mixture con- 
sists of 81*5% ammonium nitrate and 18,5%  aluminum (in practice one 
should employ80/20 ammonal, since crushed aluminum'contains as 
rauch as 10% inactive impurities, mainly aluminum, oxide).. Such a 
proportion of ingredients insures a null oxygen balance according to 
the reaction} 

2A1 + 3NH4NO3   'Al2°3 + 6H2° + 3H2' + Q 

In the case where solid aluminum oxide is fonaed, the 
explosive energy (Q) is equal to 1680 'kilo-calbries/kilogramj with,  j 
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»gaseous alumiaun oxide forraed, it is 1270 kilo-calories/kilograa.   I 
The saroe difference (400 kilo-calories/kilogram of mixture) results 
with all of the otter wdxtures .containing 1S%  aliyniaicru In iniro- 
'd-acin£ alimimm  into a Mixture not havirg a positive oxygen b&lanoe, 
the loss of-some energy in fch© quantity of original mixture removed 
must be taken into account. Thus, for sxample, high explosives, to 
which aluminum is often added, have an explosive energy of about 
1000 kn.o^oaloriBs/kll.Qsvm.    The-; introduction, of 1 gram of altuaiman 

-results in the additional loss of 1 kilo-calorie, .  — 
If .the introduction of al-min-ara in general affects favorably 

the energy of en explosion» the same raaj not be said of its influence 
on the second physieo-choalcal factor which determines explosive 
properties, i.e., on the volume of the products of an explosion. In 
particular, 80/20 samaonal gives off gases'at 700 liters/kilograin 
approximately^, vhile the ordinary explosives without aluminum give • 
off up to 1000 liters/kilogram. This, fact roust be emphasis®! in 
oonnectiori with the terraneous position taken by Kuraour (2)* Even 
assuming that aluminum oxide is formed in the solid state, he asserts, 
the addition of alusniiiun does not redt3.ee the volume of gas for explo- 
sive @ having a negative oxygen balance»■ 

The effects of the addition of aluminum on the basic axplo- • 
sive characteristics of assnonium nitrate mixtures are,given in the 
data jsee note] of Table 1. (Kote: These experimental data, as 
well as those which follow without the mention of their source, are 
tskon from the work of S,-B. Rainer, T. I. Savel'yeva, and In.. B. 
Khariton, Institute of Physical Chemistry of the Academy of Sciences 
of the USSR) 
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TABLE I,    Brisance and fugacity of scsse.ammoniun 
«**vv. 

•BlM/gM*nr^KI'^'»'v^^,^l»^ KKSSSSÄTS 

Ingredients, 

nitrate mixtures 

Brisance by 
Hess sethod 
in mm. 

I 
SMi^i;m«Mfcisat.w«w=' 

Oxygon 
Balance 

„J 

Mixtixres containing even a part of the aluminum necessary to 
bind the additional oxygen in the ammonium nitrate yield a greater 
fugacity than the ordinary compounds without aluriinum. This 
quantitative index is especially Important (it is over 500 CKK) 
for the double mixture of 80/20 ammonal? the null oxygen balance 
of which is wholly assured by its aluminun content* 

Such figures for the fugacity are attainable with a few  of 
the powerful compounds — for example, nitroglycerine and hexogen, 
whose decomposition energy is close to 1500 Mlo-calories/kilogram. 
If one takes into consideration that the ifiaxinxun energy of 80/20 
ammonal is greater than 1:500 kilc-oalories/kilograH,. than the 
fugacity effect of this mixture is not- so surprising. Its brisance 
effect/however, which differs little from that of substance'having 
half again as rauen energy., seems unexpected from the standpoint of 
forreai energy considerations» 

The brisance and fugacity of explosives cannot both be 
determined by the temperature of the blast. The fugacity effect is 
a consequence of the prolonged'action in an'explosion (for example, 

' the. formation of a funnel in the test block, as in Trauzl's method); 
in this, the energy of the blast is utilized to the fullest possible 
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"portent* ■ The brisatice effect,, on the other hand, Is determined 
over a very small period of time in the explosive action (as in. 
the fragmentation and compression within the crusher gage,. i„e4j 
the test of Hess or Käst, and others) j this is laalsily the result of 
the application of rnsxhrnisi. pressure. Thus, if additional energy 
is released in the other stages of'an explosion» it way appreciably 
affect the fugacity effect, without havisg any important influence 
on the brisaiioa. Consequently, the brisaace of an explosive does 
not correspond to its fugacity. 

For the ammonals ä such a divergence bad already been       """ 
indicated in the vell-knowa work of Kast, (3), who writes; ttThe 
brlsanca of ammonal cannot be compared to that of such powerful 
aromatic nitro compounds as picric acid and trinitrotoluene. ; Its 
fugacity effect, however, in a block of moderate hardness and, with 
tight packing is considerably greater than for the above mentioned 
compounds." (page 344) 

It can be- seen from Table I that the disparity between, 
fugacity and brisanee has boon observed for 80/20 araiaonal. To 
explain this, it is necessary to find the link in the process 
at wliieh there is a gradual, release of heat. In going about this, 
two possibilities must bo indicated: 1} The evaporation and 
consequent condensation of the altffiiinuui oxide j 2)' The gradual entry 
into the reaction of .metallic aluminumj in addition to this, the 
decreased amounts of gases in the alianinuB, explosives could hs/vo 
some importance. 

Ratner and Khariton (1) hold the view that if sufficiently 
gra.mu.ated, aliard.no.ta. oxidizes practically until the expansion*, of 
tho explosive products. However, the speed of detonation of a Mixture 
is unaffected by that part of the energy which is contained in the 
vaporous alundnuffi oxide in the form of heat of sublimation» But 
later on, during the process of expansion, the tewperature drops and 
the .aluminum oxide solidifies. This is accompanied by the release 
of the heat of condensation and. increases the fugacity effect* since 
it assists in the Kaintenanc© of the tenperature and pressure of 
the otter gaseous components (ilrOj 5b &^i others). Therefore the 
addition of altrodman, which lead's to*"a significant increase in the 

■ fugacity effect» can result only in a less noticeable (frequently . 
insignificant) increase in the speed of detonation, and hence in. 
the "brisanee« 

The second possibility is quite conceivable,, since not 
all of the aluminum particles added to an explosive are- equally 
fine. In this context, we should mention the extreme view taken 
by Kast (3), according to which the oxidation of all the alxmimmi 
is a secondary process occurring during the expansion of the 
products of the explosion. Muraoiir also holds that in-explosives 
of the aisiacnal type, the aluminum has its effect only after the 

Jjjassirtg of the detonation vrare, and that the heat released in the   j 



I combustion of the altmunyia rarely retards the cooling of the 
gases» But if this were indeed the case as Käst and Kuraour 
describe it, then the energy of  oxidation of 'the slnmimrs would 
not affect the speed of detonation, which would be the same for 
the double sixtura of aluraimB. with anm-onium nitrate an for pure 
arsoninm nitrate. Experiment shows the error of hast's hypothesis p, 
the swöd of detonation for 80/20 Ammonal at a density of 1 gram/cnt^ 
is equal to 4 kiloaeters/sec, but for emaoni-uffi nitrate (under the 

„ saae conditions) it does not exceed 2«,5 Mlornsters/seo» The same 
- relationship likewise holds for the briseo.ce. 

Indubitablyj the laige particles of aluminum react  longer 
than the srsa3.it Hovsver, this is not a specific characteristic 
of aluaiintto or the other Metallic additives. Such a "serial" 
effect oust take place in the detonation of all explosive Mixtures 
containing non^expLosisfo ingredients (for example, peat). Ibis is . 
indeed'the reason for tho.generally knovm fact that the brisanc© 
of sr,oh rrixtiireo is, as a rule, comparatively smaller than their 
fugacityp if they Eire compared with homogenöons explosives with 
equal energy' and volume, of gases discharged. 

Finallyj the third reason for the observed disparity lies 
in the effect observed by A. F. Belyayev (4), of the degree of 
expansion of tho products, of an explosion on the work it porfor&s. 
According to Belyaysv, the fng&edty effect corresponds to the 
large degree of expansion; which results in the optimum employment 
of energy; the brisanco effect corresponds to a small degree of 
expansion. Insofar as the products of an explosion serve as tho 
carriers of energy, a, small number of them results in a small 
brisaroe-affect, even in the presence of a rather largo energy 
potential In the explosive, Since ■ slissrinnn sdxtures are charact- 
rise! by a rather small volurae of gaseous productsf  tl'sey have a - 
particularly large disparity between tho brisanoa and fugaoity 

•11 -f result« Tho tiro latter reasons roast be operative for uvj  of the 
al-unbnm explosives; an even change in the proportion of the 
ingredients -should ewke an even change in the correlation bstvosn 
tiie hrisancs and fugaoity. 

On the other band, the reason indicated hj Ratner and 
Khar it on is sonsvhat original. It occurs only at high temperatures, 
since otherwise alnHimim oxide will begin to appear in the solid 
form emn before the' expansion of the products of the'explosion. 
In amonals of low caloric potential, the his at of cond.enss.tion for 
the aluxainuju oxide riust influence both the brisance and fagacity 
effects» The correlation betvsem them will tarn out to be completely 
different than in the case of the poviörful ammonals, for which the 
aluffiinura oxide- quickly evuporates in the detonation wave,' to condense. 
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jowly later In the expanding products of the explosion. """| 
This is the main reason producing the disparity between ■ 

the br'isance and fugaclty effects of powerful aluminum explosives, 
this fact hsing proven by the data presented in Table 2, It shows, 
together with the facts presented above, that Increases in brts&tice 
decline sharply for the ammonals vith the addition of altunimis oxide 
above 10%, 

The. emplo^xaent of an admixture of ei/amiBum to any explosives 
is most effective when the it1 fugaclty effect is being utilised j aisd. 
in the case of the low-energy explosives, when they are utilised for 
their brisance effect* 

In actuality,, the -temperatures reached in the explosion of 
lov-osloris alumimjE explosives are insufficient to vaporize the 
aluirdnuiri oxide,, The latter forms in the solid stats, releasing 
the energy of condensation at the wave-front. There must be no 
disparity between the bri.sa.nce and fugaciiy for these laixtures« 

But just where is the "borderline between these two groups 
of explosives? Is long as the exact calculation of either"the 
temperature of the aluminum oxide in the detonation,, or the 
temperature of the explosion is impossible, this question laust be 
answered empirically. Let us look at some examples* 

In Table 2 are given the experimental fig-ares for the 
brisance and fugaclty of the simplest ammonals end amatols containing 
varying quantities of aluminum or* correspondingly, trotyl. It is 
interesting to cosipare these data with the corresponding* figures 
for the explosive energy«, given in the sane table** 
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\   TABLE 2«    Gompariscm of fagacdty, brisanoe and energy of the 
simplest ajninonals and aiaatols ~T 
  
IFugacity by 
[the Travisl 

öa»TJi».J*J|>&is»M^>i"»*™wA."irn>** 

Bris&noe by the Bess 

■■ •■ 

CD M 

80/20 
90/io 

S3 
O 

K on 

420 
320 

400 
315 
270 

I      Wei^tol 

Hf,i«S*IÜw™«-,W' 

o 

15.5 

11.0 

Energy of explosion, 
in. kilo-osloriea/gia. 

Maight-200 gis.f (See lote 1)! 
Araffional 

i ^ ® 1 

o 
.1.5     , 

\ 20,3 
■I 15.0 

«Hi 
X o 

PI 
hi 

1 

T« 
H 
O 
to 

i 

1.6 
1.0 
0,7 

s 
l"J *i 
Ö jj» 

r* O $ £'.* 

H © 
rrf ■:• 

to 
« *™v 

0 Ö 
© Tj 
(ft 'H 
ctj K o o 

1»? 
(0.8) 
(0,6) 

0 
4.1 

<q 

1*0 
? 0,7 

0,5 

Kote 1:    Tigm for the energy of the 
the lower decimal digit; 
iaeurities. 

assionals are rounded off to 
, since aluminum contains Inactive 

The number in parentheses are not achieved because of the 
high explosive temperatures of the corresponding asrimonaLs, 
which do not insure the evaporation of the alumimini oxicio 
formed in the wave. 

The bris&nce and, fugacity are corresponnliagly closs to one' 
another for the equienergstio mixtures in those eases where solid 
aluminum oxide is produced» Occupying a special place is 80/20 airasonal 
sines the value for its brissixse exceeds by a. small avaovoxt that of 
90/10 aanoBal. and 80/20 amatol« It is obvious that the explosion of 
80/20 aKirao.ns.1 is accompanied by high. temperatures, with the aliffidmim 
oxide 'being produced in the gaseous state. The corresponding values 
for the energy appear in the last oolu-in of Table 2„ The figures in 
parentheses (for fixtures with a lev 'xlxmlxnm content) are not 
achieved because of the low explosive temperatures of these araonals, 
•which do not Insure the evaporation of the aluminum, oxide. ' 



Mj£M*£9h 

-' It follows from the data of Table 2 that the practical limit 
for the" brisanee effect is reacted when the aluminum content in the 
ammonal is about 10/?., 

It can be concluded in general, that the addition of aliruirnir 
does not increase the brisanee of-those mixtures whose original 
explosive energy exceeds 1000 lulo^calories/kilograß. It seers to 
be the case that a mixture of mich an energy produces a iesperauire 
which almost assures the possibility of significant evaporation of 

«-the aluminum oxide, ac, for example, in the explosion of 90/10 
. atonal♦ The introduction of any combustible isateri&l (among thsm 
aluminum) into an equienergeiic mixture produces-a higher temperature 
in the detonation wave, at which the'process of evaporation increases, 
This increase Is larger, ti:ie greater the "admixture (within certain 
liriis, until, the oxygen needed to oxidise the aluminum 
This is the reason- why the hidden teat 
oxide, whose release constitutes the basic advantage of aluminur 
mixtures? cannot he employed to increase the brisanee of powerful 
explosives. 

Let us examine in this light the divergence 'between the 
correlation of frgacities in Trausl's bomb, and their effectiveness 
in the bore-hole, which are observed for the aianonals fsee tuoiej 
of Eikheld 72/23*5/4.5 (brown coal) in comparison vith the corres~ ■ 
pondinn Dynarnxnon, According to Venen, Byurlo, end Lekorshe (5), 
the fngacity of this ndxture in Traual's bomb is 60;6 greater than 
that of coal DvnairiKorw The authors sake this .corcnents "It turned 
out in practice, however, that the addition of alurdnua produces 
only a small increase in useful vork'' (page 436) j they also give an. 
incorrect explanation for this discrepancy* There is nothing 
puzzling about tho latter effect, since the process of crushing 
within the bore-hole must be connected mainly with, the brisanee and. 
not the fugacity* Furthermore, ye  have in. mind the action of 
explosives in a hard medium. As far as extraction work is concerned^ 
it is tied up mainly with the fugacity« Our con.siderat.ions are in 

■agreement with the words of hast citad above,, which speak of "a 
fugacity'effect in a block of moderate hardness with tight packing," 
(Notes Hencsforth we shall designate the percentage 'composition of 
the amirionals by giving first the percentage of araaoniuiu nitrate, 
secondly the percentage of 'aluminum, and finally' that of an additional 
component» The nane of the latter is given in parentheses, if it 
is unclear from the text.) 

It is perfectly comprehensible that the fugacity of Bikhel's 
axaiaonal is such greater than for the'corresponding Dynaimaon; but 
its brisanee, which produces the shattering effect, cannot show a 
similar increase, since the alutfdmin oxide will certainly evaporate 
in the wave front in the explosion of a powerful amrsonal. 
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I     Furthermore, the brisance effect of an Explosive can 
actually decrease with the further addition of aluiainurnj although 
the fugacity effect will grow« Examples of this can bo foi;md in 
the recent work, of:Ststtbaeber (6), who asserts that the addition 
of up to J2$  alvrr.iriui:: to a certain explosive increased the energy 
sloost 100?> but diminished the fcrisanoo* 

The literature on the subject has very little data on the 
composition of alimiiniffii mixtures employed within recent years. 
Of the :,;ore recent worts, in addition to the above-cfintioned 
article by Siettbaohor (6) t  ye tsust refer to that of liuraour (2), 
who writes of the use made by ths Germans in World War II in 
torpedoes, mines, and -underwater gTensjid.es of a fixture of nexa- 
nitrotolrene with 15r aliffidnum odded,, which increased the energy 
fros 1000 to 11000 kilo-calories/kilograFi. The so-called "Genaan 
Eixture" isay also be rcsnti oned j. it contains 89^» äMmoniuK nitrate, 
2%  sdusinnjn, %  naphthalene and l&  peat or wood iaeal? arid has OOEO 
Into use within tie last few years. 

In the literature in Kant (3), for example no find niaseroas 
recipes employed beforef  during^ end after World War I in civilian, 
as veil, as in military industry. No general description of these 

. mixtures-may be given, since the proportional content of their 
ingredients covers a wide range-. For example, In a single country 
(Australia), in explosives used in just one -type of work (in Klines 
containing .no f ire-daiip}}  the three components of the sra;aon&l 
varied aver  the following rangass #0«9C$, for the arsicniuK nitrate, 
4-1.8/i for toe ainrdnuff» and 2-6%  for the coal, liiere was a trend 
in the world mining industry, one to the high cost of aluminum, 
to oxnploy fixtures with small quantities of this element (containing 
about 5%  aluminum and op to 10% of a combustible substance or 
nitre compound). There vere sixtnras employed, hov?ever, repre- 
senting the other extreme, with an alumims; content of • up to 25% 
(with the quantify- of coal reduced up to 25 }„ Such a substance 
is t.0e above ~rent:loned 72/23.5/4»5 mixture of Bikhslj which has 
become generally accepted because of its increased fugaaity» The 
Eining industry -has also frequently esploved mixtures with xaediuia 
qiiao.titi.es of ajmainuri,, such, as the English amnonals'of Fyurer 
yhiohrorf having tlie composition 68/1.5/17 (trinitroloi'nsne), 

The last two categories of recipes; (rich in alusinoin.) were 
most widel;/ used in the udlitary industries» 

Such ammonals' are characterized by a distinctly negative 
oxygen balance. The aluminum in them oxidizes mainly at the expense 
of depriving ths other ingredients of oxygen,, resulting in the loss 
of ihsir teat of oxidation. 



er vas the aluiaatol concocted  J 

USSR Mo« 4-117 for use in civiliar Industry 

TA'ßLE' 3» Composition of aMaenals established by GOST No. 4117 

T 
:  ,. .        j 

$ Content . 

1   1 2 !  3 4  1 5 6 . 

isBiaoniura n:l träte 
Aluminum 
Trinitrotoluene 
Xylyl 
Wood meal 

82 
6 

12 

82 
■6 

12 

1 86 
5 
9 

86' 
5 

9 

. SI. 
6 

10 

1 

81 
6' 

3.0 
1 

Rosin ■*■* 

. ***** 2 2 

The first two fixtures have' an almost null oxygen balancej 
3 and 4 have a positive oxygen balance; 5 and 6 have a negative 
oxygen balen.ce«, 

The evaluation of the possible effectiveness of mixtures 
de fiends not only on the energy and" voly&e of the released products 
of the explosion, i.e.-, on the chemical composition of -the mixtures 
but also on the physical structure of the charge (diameter, tight- 
ness of packing, fitness of granulation). The latter factors, 
strongly affect the ease of detonation, i.e., on the explosive 
capability and stability. 

On the question of the influence of aluminum on the ease 
of detonation, the opinion prevails which had already been stated by 
Sukhsrevsky (n):    "Its addition heightens the detonation capability" 
(page 198). In addition to this, so~"ie authors have based practical 
conclusions on this position. Thus, for exaxaple, according to 
Venen, Byurlo, and Lekorshe (5)» "the ease of detonation increases 
if aluminum is present «■- an interesting property from the stand- 
point of possibly improving explosives" (page 4.36)♦ The authors 
base this conclusion on the results of the work carried cut hj the 
French Commission on Explosives (in 1903), but» they do not cite the 
relevant facts. 

<v!*" 
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Nevertheless,  the experimental facts  (Table 4.) definitely 
show that the presence of aiyminujn. does not in. itself Iraprov« 
the ease and stability of detonation for the amMoniiiH nitrate 
jnixturcsi with pospa.ra.ble di3pers2.cn,  trinitrotoluene is more 
Diiective t.h urn* 

TABLE 4.    The brisance of aiaronals of various densities 

05 

Si 

Ingredients, 
**.«-.- ^««^äKKteiHHy^^ü^f.^ 

!    ö 

1 

2 

3 

•H -P 

o  ?,• 
h ,,fl 

«H 

*3 

ö 
ft 

T   "i 

© H 

j«»*«»™™'«^^ 
80 

60 

SO 

20 

10 

10 10 

H 
o 

4.3 
o 
r~i 

k o 

o 

O 5sc 

■H  si 
,ii •HI 
•H-      j 

Brisance (in mm,} 
at the given densities» 

{in gtrj/crP) 

1,0 

10 

50 
150 
50 

150 
50 

150 

1 ■>.. 

16 

22 
21 

19 
01 

15 ' 
0 

21 
20 
13 

I 
X Lit 

«w VHJ.U^,.'J. L,,r ^ClwJ.,» 

■tability of dotonation was .determined by comparing the 
produced within the lead crusher gage by a'50 gr&m 

charge (the standard test of Hess) and that produced by a 150 gram 
charge cf the smm  disaster (40 rtrm) » The necessity of" such, a com- 
parison arises from the fact that a detonation, having once started, 
can proceed a short distances and. then become extinguished. If the 
brisanea of the longer charge increases, then the detonation is 
proceeding evenly, if it decreases, the detonation is not proceeding 
persistently. Experiments have; shown that tor aajuoni lars nitrate 
explosives, the lengths of the charges corresponding to the above» 
mentioned weights (with the standard diameter of IJJ'nm  in Hess's 
test) give til© correct results. In order to reliably initiate the 
detonation, it_was started In all cases by a capsule" containing a 
supplementary detonator (8 grams of pressed trinitrotoluene). 

It can be seen from. Table 4. that when aluminas» and tri- 
nitrotoluene have the san© dispersion, the brisance of the axeitional 
.not containing trinitrotoluene (No 1} is worse than that of the 

** J...« 
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I mixture containing the sasie quantity of trinitrotoluene in place    I 
of the aluminum. (No 2}„ The brisanee properties of ammonals not 
containing trinitrotoluene increase sharply wlisn the alradnurii is 
Eiore finely crushed than the trinitrotoluene. 

"Thus the question of the ease 'of detonation of explosives 
cannot bo divorced from the question of the fineness of the 
ingredients in the explosive mixture, since their dispersion 
determines the reaction hise. Increasing the dispersion of aluminum 

».produces a more stable detonation» For example (see Table 4) r  if   — 
the detonation does not proceed persistently (mixture Mo 1), a, 
uniform detonation may be brought about under ths same conditions 
(diameter 40 rsm; density 1,0 and 1*3 gm/cir.3),  by replacing a part 
of the aluirdnusj powder with a very fine3y ground aluminum povider 
(mixture No 3)« 

The excessive fineness of aluminum, however, adversely 
affects tlie ease of detonation. Such, an effect has been observed, 
by Apin ($) in isany of the Dynasisons, and has been named "hyper- 
pulverisation5' by him. In Apia's opinion» a large quantity of 
irdnute particles of trie coiabu&tible substance aliaost completely 
envelops the nitrate and retards its decomposition., without which 
the detonation, cannot proceed. Analogous considerations have been 
put forth by East (3)» in his? investigation of alwiinuni explosives. 
The phenomenon of hyperpulverisation in the siaiaonals has been experi- 
mentally observed in a series of projects carried out at the Institute 
of Physical Chemistry {1943-1945). For example, it has been estab- 
lished for the simplest aisnonals containing large amounts of aluminum 
(e„g»? 60/40), in which all of the aluminum is in the form of a very 
fine powder* that they detonate in a worse Banner than in cases where 
the greater part of the fine powder is replaced by a coarse alu- 
inirura powder» 

äffSg, ,.Sjt her_ Propert ie s.., of,, Aligt;lmffp,£xi>los lyes 

Let us examine briefly some of the other properties of 
aluminum explosives« 

The hygroscopic and cabing properties of this group of 
explosive fixtures are determined by the corresponding characteristics 
of their components» In particular, the ammonals differ little in 
these qualitative indices from the other arranonium nitrate explosives, 
which constitute one of their major drawbacks. 

In the employment of the substances of this group in cake form, 
it is necessary to keep in wird the ability of araaoniuia nitrate to 
pass into a crystalline state with a differing specific weight at J2°. 

With regard to the chemical stability of the aluminum 
explosives,, it is the prevalent view that the aluminum contained 
.in them tends to oxidize gradually (this is especially true for the . 
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Farcrmals),, Tills i;;ust lower the ease of detonation, in contrast    j 
with the usual instances of choaical instability, which are 
connected with the decomposition of ritro compounds and increase 
the possibility of prejoature explosion. 

The ignition ienperatures for the arasonala and amatols are ■ 
' close to one"another (220° for the first case, 210° for the second). 

Percussive (and frictions!) sensitivities of aluniniKu explosives 
have not been precisely determined due to the lack of reliable 'testing 

„, techniques. The ordinary test of last carried oi.it on copra yields ^ _ 
a distribution of values ranging over a power of 10, The introduction 
of a Tf&thod for obtaining the relative percussive sensitivity by 
alternating the test explosive with a standard, has yielded uniform 

: -results which show the relatively high seris.Iti.vity of the alijirimrri 

explosives« 
The strong influence of moisture on the detonstive stability, 

of 80/20 gsimo2.al (Table 5) for example, seons to bs a consequence 
not only of the large hygroscopic tendency of amrotiiouu nitrate. It 
iirust be supposed that the ease of detonation 

flSlB 5, The infli^ree of moisture on the brisanoe of 80/20 aiomonal 

Moisture, %  j   Density^.   [  Brisanoe, in ram. 

0»2 

0*5 
1,0 
1,0 

in 
'    50 gxn.  |  250 go. 

1*3 
1.-4 
1«3 
1»4 
1.3 
1.4 

21 */,       1 
J«.. W,B- *.. -^W* ~~— — 

21,0       j "> ft fi 

21.8 21.1 
22.8 17,6 
20.8 ... 
19/7 0.2 

J 

of an amraonal »ay turn out to bs worse than that of eonpositionally 
analogous Dyix&iruTions {including peat, coal», and other porous 
substances), with the same moisture content» This phanonetion arises 
frort tbs fact that all other conditions being similar, the raoistura 
absorbed by tbs Dynaronoii is divided between the axamonlun nitrate and 
the ecHbrslibie material^ the greater porosity of the latter aiding 
in levering the aoisture content of the nitrate Uses note 3 * As long 
as the detonaiivo process of the amrooniixm nitrate explosives viiich 
do not contain explosive ingredients apparently begins with the 
decomposition of the nitrate, such & distribution of the moisture 
can have considerable significance*,, (Notes Analogous considerations 
and other facts may be fouixl in tho domestic Soviet lieterattrte). 
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i     That Is why the ar^onals without any explosive ingredients 
(trinitrotoluene, xylyl) whatever cannot be recommended, ' Fron, this 
standpoint the series of amooraln established 'by  (KB! (see Table 3) 
is to 'be favorably regarded. However, the indicated quantities of 
aluminum ana trinitrotoluene (xyivl) could be transposed without 
an observable loss in. the moisture resistance,, but with an advan- 
tageous increase in the fugacity. 

In conclusion, let v&  ineniion a few interesting facts  in the 
field of investigation concerned with the explosive mixtures of 
alumimx;; with inert materials. A. A« Shidlcvskiy (Moscow Institute 
of Chonaca! Technology) has 'demonstrated the detonative capability 
of a mixture of aiiwainiEi with water. ■The explosive effect is weak, 
hot readily apparent. A very  strong sonic effect (bat low brisance) 
was registered by R.Kh. Kurbangalira and Y.B. Khariton (institute 
of Physical Ghenistry) in the detonation of the peculiar rrdxture of- 
liquid oxygen with powdered aluminuM. 

Conclusions 

U-1.4..J has been widely used in explosive mixtures for a 
long time because of its high coabustion energy» However, reference 
data on the influence of aluminum on various explosives are highly 
contradictory, 

2e Until recently, it was generally accepted.that aluminum 
oxide fortas only after the passing of the detonation wave, and then 
only in the solid state. The hypothesis regarding the oxidation 
of alurdnum in the' wave front, ths evaporation of the aluMnuia 
oxide in the explosion of powerful mixtures, and the consequent 
release of its energy of sublimation has pemitted ths devising of 
a number of experbnoirts and the analysis of the existing contradictions. 

3, It maj? be considered provsn at the present tire, that the 
admxture of aluonrun greatly increases fugaeityp increases brisance 
to a lesser extent (this effect is especially weak for the powerful 
compounds); and affects the ease of detonation less than an equal 
arnount of an explosive additive of the trinitrotoluene type for equal 
degrees of fineness * 

4* The considerations and conclusions stated are generally 
applicable to any explosive mixtures containing aluminum or other 
metals analogous to aluminum with respect to energy, for example, 
magnesium, f&rrosilicon, and others. 
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