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To all whon, it may concerto 
Be it known that I, EMIL PASSBURG, a sub 

ject of the Emperor of Germany, residing at 
Breslau, in Germany, have invented a certain 
new and useful Improvement in Vacuum 
Drying Apparatus for Explosive Substances, 
(for which I have obtained Letters Patent in 
Great Britain, dated July 26, 1890, No. 11,745; 
in Germany, dated January 15, 1890, No. 
56,330, and in France, dated February 4, 1890, 
No. 203,556,) of which the following is a speci 
fication. 
This invention relates to the drying of ex 

plosives and the object of the invention is to 
provide a method and means whereby the 
drying may be safely performed. 

Heretofore in the drying of explosives such 
as fulminates, gun cotton, picrates and other's 
of a violent nature, great danger was incurred 
by reason of the liability of such explosives 
to spontaneously explode when the drying 
reached a certain stage, so that it has not yet 
been found possible to devise any apparatus 

25 
for effecting the drying, nor in any Way to ar 
tificially cause a quick drying of such ex 
plosives within buildings or in closed spaces, 
since there is too great a liability of utterly 
wrecking such apparatus or buildings as the 
result of an explosion. 
The invention consists in a method of put 

ting in practice the principle of drying in 
vacuo (so called) so that explosives may be 
dried in a vacuum apparatus Without any 
danger of damage thereto, or to the work peo 
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ple or surroundings, should an explosion oc 
cur. It is well known that many moist mate 
rials maybe efficiently and conveniently dried 
by passing them into or through a chamber 
from which the air is exhausted, heat being 
in many instances employed in addition to the 
absorption effect of the vacuum. The afore 
said liability of the higher explosives to spon 
taneous explosion however renders it impos 
sible to dry such explosives by application of 
the ordinary methods of vacuum drying, as 
any attempts thereto result in the shattering 
of the apparatus due to the explosion. 
The improved method, by means of which 

I have found that the drying may be per 
formed with safety to the apparatus and Sur 
roundings, consists in exposing a certain 

quantity of the explosive in a chamber from 
which the air is exhausted, the chamber bear 
ing such relation in point of size and the 
“vacuum' being such in point of rarity with 
regard to the amount of explosive diried, that 
should the latter explode, the gases disengaged 
will find sufficient space for their expansion 
within the limits of the chamber in which the 
exhaustion prevailed, and will, after occupy 
ing said space not possess a force of expan 
s sufficient to burst the walls of the cham 
er. 
The principle of the new method of drying 

explosives therefore consists in carrying on 
the same within a chamber in which a vacu 
um is maintained and exists, the dimensions 
of the chamber being sufficient, to afford un 
Occupied space for free expansion of any gases 
resulting from an explosion, to the extent nec 
essary to take from these gases their potency 
of disruptive force on the walls of the cham 
ber. 

It is obvious that the greater the space 
within the chamber relatively to the amount 
of explosive dried, the less will be the disrupt 
ive effect of pressure on the walls of the 
chamber for the less will be the pressure pro 
duced within the chamber, but at the same 
time the greater would be the expenses of the 
process either by reason of the greater amount 
of work laid on the exhaust pumps or the 
smaller capacity of the apparatus for drying 
purposes. To obviate these drawbacks, Iem 
ploy a drying chamber the walls of which are 
so made that they give to an overpressure 
from the interior and allow gases to escape. 
The explosions which occur are of great sud 
denness and consequently to provide such 
chambers with ordinary relief valves would 
be useless. For relief, the relief valves or open 
ings must be made of far beyond the ordi 
nary relieving capacity to be suitable for the 
purpose in view. Thus the doors of the ap 
paratus may be so made that they are held 
closed only by the outer atmospheric press 
ure; also a number of large orifices may be 
made covered with plates or covers loosely 
placed thereon. A few of these orifices should 
be below, in which case their covers must be 
provided with counterweights to keep them 
closed against their own gravity. The sides 
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of the apparatus should be provided with a 
plurality of such openings, and it is prefer 
able that they be formed so that they open 
upward, partly for the convenience of fitting 
the covers thereon, and partly with a view to 
the prevention of damage when the covers are 
blown off. 
is not of consequence provided the general 
function of these openings and covers is fully 
provided for, they being intended to prevent 
entrance of air from outside and to instan 
taneously and effectively provide for the rapid 
issue of gases from the interior in all direc 
tions, and so avoid bursting of the apparatus. 
The method of drying explosives before men 
tioned, must be followed so that the greater 
amount of potency of the gases developed by 
explosion may be neutralized by their occu 
pying the “vacuum' before they open the 
apparatus. In such an apparatus an explo 
sion loses its disruptive force, since it occurs 
primarily in the vacuum, there is thus no air 
wave set up by the explosion to propagate the 
shock. 

Suitable apparatus for carrying out this 
method of drying explosives is shown in the 
annexed drawings in which 

Figure 1 is a side elevation partly in sec 
tion of a drying chamber with the expansion 
chamber connected thereto, and shows also 
the apparatus for exhausting the air in the 
chamber. Fig. 2 is an end elevation partly 
in section of the drying and expansion cham 
bers. Fig. 3 is a front elevation and Fig. 4 
both partly in section and Fig. 5 a plan view 
of a modified form of apparatus. FigS. 6 and 
7 are cross sections of a modified form of dry 
ing chamber. Fig. 8 is a sectional side ele 
wation of another modified construction of 
combined drying chamber and expansion 
chamber. Figs. 9 and 10 are cross sections 
of another modification in which the drying 
and expansion spaces are combined in one 
chamber. 
The apparatus shown is one in which the 

substance to be dried is spread out on basins 
'i which stand upon boxesh and to which the 
evaporating heat is supplied by conduction 
from the latter which are heated by means of 
steam, hot water, hot air, &c. The improve 
ments may however be adapted in a similar 
way to any vacuum drying apparatus. 

Referring to Fig. 1, A is the drying cham 
ber, C is a condenser, L is the pipe branch 
connected with the drying chamber A and l 
the piping connected with the air pump P by 
means of which vacuum is formed and main 
tained in the chamber A. 
The arrangement by which the space to re 

ceive exploded gases in the apparatus is in 
creased may be provided for by connecting 
therewith a suitably strong closed vessel E 
(herein called an expansion chamber). This 
vessel may in itself be separate from the dry 
ing chamber and be connected by means of 
a pipe IK of large diameter with the drying 
chamber A, a valve or stop cock V being pref 

The exact construction employed 
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erably provided in the said pipe so that the 
communication between the said vessel and 
drying chamber may be opened or closed as 
it is needless to destroy the vacuum in the 
expansion chamber when the drying cham 
ber has to be opened for removal of the dried 
materials. The air in the expansion cham 
ber may also be exhausted at the same time 
as that in the drying chamber or either im 
mediately upon or even after the commence 
ment of that stage or period of the process of 
drying which experience has shown to be 
liable to the danger of explosion. Or the 
said expansion chamber E may be made prac 
cally in one with the drying chamber A as in 
Figs. 3 to 5 or connected by a very large 
tubular part K as in Fig. 8, or be actually 
part of the same chamber as in Figs. 9 and 
10. This gives the advantage of freer com 
munication between the drying and the ex 
pansion chambers but has not the conven 
ience of separation for purposes of exhaus 
tion as before described. 
The second purpose of the invention is full 

filled by arranging in the wall of the drying 
or expansion chamber in either or both of 
where is convenient, a sufficient number of 
orificess being substantially short tubes upon 
the open ends of which are fitted loose clos 
ing lids d made air tight with suitable rub 
ber or other packing rings. The lids d press 
lightly by force of gravity only on the branches 
S except only during the working of the pro 
cess, when the vacuum prevails in the cham 
ber or chambers, at which time the excess of 
outer atmospheric pressure, holds the lids in 
firm and air tight manner in place. As soon 
as overpressure prevails in the interior of the 
chamber or chambers by reason of an explo 
sion of sufficient material, the lids open or 
are blown off, and allow the gases to escape 
from the openings. The lids are so arranged 
that in flying off they do no damage. For this 
purpose the openings S may be arranged SO 
that they are not placed one immediately over 
the other, or the lids may be connected by 
hinges (see Fig. 9) or their movements can be 
regulated in any convenient way. It is pref 
erable to arrange these openings at suitable 
places all over the fixed walls of the appa 
ratus, there being more or less of them ac 
cording to the liability of the matter dried to 
explode and the force of such explosion. The 
openings are preferably directed either up 
ward or downward. The lids d are simply 
placed to rest on the upwardly directed open 
ings and their own weight holds them in place, 
but the lids closing the downwardly directed 
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openings require to be held upward against 
their seats by Some means capable of giving 
Way to the outrush of gas on occurrence of 
explosion. Such lids are preferably hinged 
and supported by balance weights d/ as shown 
in Fig. 6. The said expansion chamber may 
also be fitted with one or more openings S 
with covers d thereon as before described. 
The door or doors T of the drying chamber 
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by which access is had to the interior or by 
which the matters to be dried are inserted or 
removed, are held closed lightly either by 
means of screw bolts Z or by weights or coun 
terpoise; such doors will be held firmly closed 
as long as the air pressure outside exceeds 
that inside the drying chamber. When such 
doors are fixed in place by screw-threaded 
bolts and hand nuts, the latter may and 
should be loosened or removed after sufficient 
diminution of the interior pressure, so that 
the doors being held closed only by excess of 
exterior atmospheric pressure, will be opened 
on occurrence of an explosion of sufficient 
magnitude. 
In Figs, 3 to 5 the double doors T are shown 

supported by hingest and made to be fas 
tened by crank nutstand bolts. The crank 
nuts are removed after the vacuum is suffi 
cient to hold the door closed. In Fig. 7 the 
door is hinged above and closes by its own 
weight. 

I am aware that in drying apparatus work 
ing under pressure, relief valves have been 
used which will allow air, or whatever gases 
may be in the drying chamber to escape after 
the pressure exceeds a certain desired maxi 
mum. Such however differ in no essential 
from the usual safety valves of other contain 
ers under pressure, such as steam boilers, and 
I do not claim such simple relief valves which 
would be useless where large volumes of gas 
are suddenly generated. My apparatus dif 
fers in that the stationary fixed part of it 
forms as it were but a skeleton to support the 
removable covers. 
I am also aware that condensers have been 

placed in communication with vacuum dry 
ing machines but such condensing chambers 
are not adapted for the purpose for which my 

pressure relief or vacuum extending cham 
bers (expansion chambers) are intended. 

I therefore claim as my invention 
1. In a vacuum drying apparatus, the com 

bination with a drying chamber adapted to 
receive a charge of explosive, of an air pump, 
or exhauster, connected to said chamber, the 
latter being provided with openings or outlets 
made to extend in different directions, and 
air tight covers made to sit loosely on Said 
openings so as to be held closed merely by 
the vacuum in the chamber, the covers of the 
downwardly extending openings being pro 
vided with balance or counter Weights, Sub 
stantially as described. 

2. In a vacuum drying apparatus, the Com 
bination with a drying chamber adapted to 
receive a charge of explosive, of an air pump, 
or exhauster, connected to said chamber, the 
walls of the latter being provided with out 
lets or openings, and air tight covers made to 
sit loosely on said openings so as to be held 
closed merely by the vacuum in the chamber, 
substantially as described. 

3. In a vacuum drying apparatus adapted 
for drying explosives, the combination with 
the drying chamber, and an exhauster, of an 
expansion chamber made to communicate 
with the drying chamber, the latter being pro 
vided with openings or outlets, and air tight 
covers made to sit loosely or unfastened upon 
the openings so as to be held closed merely 
by reason of the vacuum in the drying cham 
ber, substantially as described. 
In witness whereof I have signed this speci 

fication in presence of two witnesses. 
EMI, PASSBURG. 

Witnesses: 
ERNST JAECKEL, 
SELMA BAUMGART. 
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