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UNI T‘E-D -:STAT>ES ‘PATENT OFF-‘ICE 
“2,437,694. ' 

~M-ETHGD ‘FOR,’ BLENDING POWDER GRAINS 

*Cia'r'ence" N. Hickman, Jackson “Heigh'ta'Y'N. Y, 
*a‘ssignor to ‘Ulnite'dstatcs', 'ofjfA'iiiéri'oa, as’ repre 
sented :by the ‘Secretary of ‘War 

Application May 15, 1946, Serial No.-669,765 

(01.32420) 
(Granted ‘under the act 'of >March ‘3, ‘1883, as 

‘ 4 "Claims. 

1 
‘The invention described herein may bel-ina'n‘u 

'factured “and used by‘ or ior'ith'e =-Governnien_t ‘ for 
"governmental purposesfiwithouti‘the‘ payment ‘to 
me of any royalty ‘thereon. N 
‘This invention "relates to'the manuradture ?'of 

‘service explosives, and more particularly ‘to‘ia 
new :and "improved - method and :Iapparatus ‘ior 
‘blending service smokelessvpowder '‘ utilized for 
rocket proponents. 
The blending of powder lots is an important 

‘operation tin ‘powder ‘manufacturing, Without 
‘which uniformity l'inlb'allistic performance ‘could 
not be obtainedbe'cause ‘it --is ‘impossible to "ac 
curately control‘ the chemical ‘manufacturing 
processes so'tha't each batch oflpowder‘ will have 
exactly the sameip‘r'eperties. n‘lpowderl indexer 
lot, ‘1 as ‘ made up ‘for service useeonsi'stspf ‘50,000 
pounds. or more of powder ia‘nd-“iniorder' to make 
up such 1a lot it-i's‘inece's‘s'ary' to use dried-grains 
.fromralnumber ofidi?erent powder-batches. The 
:grain's'lirom the’ different powder batches mu‘dt be 
thoroughly mixed or ihl‘en‘dedto rg-i‘ve‘ uniformity 
throughout‘the lot. ' ‘ g 

The blending of p0wder,la‘s_ia-cco?lished by 
the prior art,’ isica'rriedout in blend-1 g' towers. ‘ 
One ‘type of blending" tower ‘consistslfoi I'a series 
of .bins arranged .in horizontal ‘groups; the groups 
being‘ positioned in vertical relation~toeach‘other. 
The ‘bins of ‘each I‘groupmay ‘be in‘ polygonal re“ 
lation, each bin having a trap‘br‘gate‘valve race 
ing toward'the center of the group. In blending, 
the top group of fthe<bins .i‘sw'cha'rgeti with the re 
quired ‘amount of ‘powder from'ea‘ch‘of these 
lected batches. The trap or Jgate ‘valves ‘are 
opened simultaneously and-‘the powder from all f " 
the bins falls to the'nextgroup in a single stream 
which divides about equally ‘into the 'bins of the 
next ‘group. This operation is continued ‘from 
group to group and the powderis ?nally=draiwn 
o? through arhopperlatthe bottom'of the "blend 
ing. tower. In 1 other blending towers the powder 
in the ?rst blending bin is released .-to fall over 
a distribution-cone ‘before entering‘thelnextlower 
group of bins. This distribution cone improves 
the blending of the ‘powder. If a'éhighdegree of 
uniformity is desired, however, it ‘is necessary to 
run the powder through the blending tower at 
number of times. ‘One characteristic disadvane 
tage of this prior art blending process is the haz 
ard involved due to the development of’ static 
electricity. Although apparatus has'be'endesigned 
to remove the electric charge‘ from the parts of 
the system, the additiongof this apparatus rather 
complicates the structure and is not entirely sat 
isfactory. ‘ a - ' _. 
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In one type of rocket ‘motor, as many as 30 
individual vgrains, each about 5 inches'in length 
and‘about‘ ‘V8 inch-inTdiameter, are used; Differ 
ent loading performances have been found, 
traceable only to'nohhuniformity in the powder 
mtg-from which'the‘loadihgs weremade, i. e., to 
inadequate blending of the powder. Because of 
the tremendous hazards involved, it has not been 
possible to blend powders of this larger grain 
size with the i-Iiie'chanical means known to the 
vprior-art, hence, it is an object of this invention 
to provide l'aiinetho'd and apparatus for blending 
powders of 7/8 inch 'grain‘size‘ or larger which is 
non-hazardous and which produces a higher de 
gree of uniformity? in blending than has been ob 
tainable heretofore by any of the methods known 
to the prior ‘art. ‘ 
The speci?c-natiire of the invention as well as 

other objects and advantages thereof will clearly 
appear from‘a description ofa preferred embodi 
merit as shown in the accompanying drawings in 
which: 

Fig. '1 is a vertical ~section through the ‘blend, 
ing apparatus is described. 

Fig. 2 shows an alternate arrangement for the 
recirculating system. 

This invention consists essentially of a method 
of ‘and an apparatus for mixing powder grains 
by ‘means of the circulation of an electrolytic 
mixing medium of lower speci?c gravity than 
the powder through a 'vat containing the powder 
grains, at a su?c'ient velocity to displace them 
with respect to each‘ other, the preferred medium 
for this application being water which has been 
saturated with nitro-‘glycerine itorprevent any of 
the nitro-glycerine content of the powder from 
being absorbed by the water. . The powder grains 
to be mixed are placed in avat, the liquid mix 
ing medium 'is added until it rises considerably 
above the top of the grains and then a jet of the 
liquid is ejected‘upwar'dly through the bottom 
of the vat attsu?iciently high velocity to break 
through the s‘urfaceof the liquid and fan out in 
a fountain-like manner, The grains located in 
the ‘path of‘the jet 1‘are carried upwardly and out“ 
wardly along with the jet dropping back in a 
haphazard manner, thus being very thoroughly 
dispersed or‘ mixed. 
The apparatus consists of a base i on which 

is mounted a vat 3 in the form of an ellipsoid 
generated by revolution of an ellipse about its 
conjugate axis, the axis being disposed, vertically. 
The vat 3 contains water saturated with nitro 
glycerine. charging door 5 is provided in ‘the 
upper ‘part of the Vet 3' and-a discharging door 
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1 near the bottom. A recirculating system is 
provided, the system consisting of an outlet pipe 
ill, a pump II and an inlet pipe l2 terminating 
in a nozzle l3 adjacent the bottom of and in the 
vertical axis of the vat through which a water 
jet I6 is forced by the pump ll. ' Outlet pipe i0 
is covered by a ba?le l4 and a screen l5 which 
prevents powder grains 24 from gathering 
around or passing into the outlet line I!) of the 
recirculating system. 
The ellipsoidal form of vat is especially advan 

tageous for this application since the tendency 
therein of the grains to slide toward the center 
without excessive crowding is uniform in all 
directions; however, any form of vat having a 
declivitous ?oor sloping toward a low point ‘at 
which the nozzle can be located may be used. 
A drain pipe IT with a valve [8 is provided 

for draining water from the vat 3 into a storage 
reservoir (not shown). A screen I9 covers drain 
pipe I‘! to prevent egress of powder grains 24. 
For some applications it may be desirable to 

make use of gravity feed of the water, thereby 
maintaining a constant head and as a result, 
constant pressure at the nozzle l3 and uniform 
fountain effect in the vat. This construction is 
illustrated schematically in Fig. 2 in which a 
standpipe 30 would provide the necessary head. 
A feed line 3| leads from standpipe 30 to nozzle 
l3 with a valve 32 inserted to control the ?ow. 
An over?ow line 33 and a drain line 34 with a 
shutoff 35, lead from vat 3 to a storage tank 36. 

, Standpipe 30 is also provided with an over?ow 
line 31 leading to storage tank 36. A pump 38 
supplies water to standpipe 30 through a feed 
line 39. 
In operation, a lot of powder, ‘consisting of a 

predetermined quantity of powder from each of 
the batches to be blended is placed in the vat and 
sufficient water, saturated with nitro-glycerine, is 
added to ?ll the vat to a point well above the top 
of the powder grains and the outlet I0. Charg 
ing door 5 is then closed and pump Ii started, 
forcing a jet of water from the nozzle l3 to rise 
vertically upward from the bottom of the vat 
breaking through the surface of the water and 
fanning out in a fountain-like manner before 
falling back. As the grains in the middle of the 
vat 3, i. e., in the path of the jet l6, are carried 
upward and spread out on top, the mass settles 
toward the center so that eventually all grains 
are recirculated or redistributed, hence a high 
degree of dispersion is attained with a consequent 
uniformity of blend. By using an electrolytic 
liquid such as water as a circulating medium, the 
dangers resulting from static charges developed 
in blending towers are avoided and by saturating 
this water with nitro-glycerine, the nitro-glyc 
erine content of the powder grains is maintained 
undiminished. _ _ ' 

In the manufacture of service smokeless pow 
der, particularly single-base service smokeless 
powder, the drying operation may be carried out 
by circulating warm water- rather than air 
through the powder grains. It may be desirable 
to continue the drying process for the removal of 
volatiles in the nitro-cellulose powder, utilizing 
the blending process of this invention, thus com 
bining steps in manufacture. However, notwith 
standing this ‘possible combination of operations, 
the superior blending obtained by this process 
would warrant the substitution of this step in 
manufacture for the conventional blending proc 
ess as carried out in towers, particularly in view 
of the fact that blending towers now utilized are 
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inadequate for blending powder grains of a size 
‘necessary for some rocket propellent applica 
tions. A heating coil as indicated at 2| could be 
used to warm the mixing medium when desired. 

While the preferred embodiment as above de 
scribed is especially adapted for this application, 
modi?cations such as would occur to anyone 
skilled in the art may be made without depart 
ing from the spirit of the invention. ' 

. It is apparent from the description and draw 
rings that this invention provides a method and 
apparatus ‘whereby very large size grains of 
smokeless powder can be safely and thoroughly 
.mixed, resulting in an improved blending of 
various batches of powder into a ?nal uniform 
:index or lot. 
I claim: 
1. A method of blending powder grains includ 

.ing the steps of placing the powder grains to be 
blended in a vat, adding a liquid of lower speci?c 
gravity than the powder grains in quantity suffi 
cient to rise to a substantial height above the 
grains, said liquid being substantially a non 
:solvent with respect to said grains, and circulat 
ing said liquid, including projecting a jet of the 
liquid upwardly from the bottom of the vat 
among the grains whereby the grains in the path 
of the jet are propelled upwardly into changed 
relation with respect to the other grains in the 
vat. - 

2. A method of blending smokeless powder 
grains including the steps of placing the powder 
grains to be blended in a vat, adding water satu 
rated with nitroglycerine, said water being added 
in quantity su?icient to rise to a substantial 
height above the grains, and circulating said 
water by withdrawing it from the vat and pro 
jecting it upwardly through the bottom of the 
vat with sumcient velocity to break through the 
surface and fan out in a fountain-like manner, 
whereby the grains in the path of the jet are 
propelled upwardly above the surface of the liquid 
to fall back in a haphazard manner on top of the 
other grains therein. 

3. A method of mixing and drying particles of 
solid material containing a volatile constituent, ‘ 
including the steps of placing the solid particles 
in a vat, adding enough liquid of lower speci?c 
gravity than the solid particles in quantity su?i 
cient to rise to a substantial height above the 
solid particles, said liquid being substantially a 
non-solvent with respect to the particles, main 
taining said liquid at a temperature capable of 
volatilizing the volatile constituents thereof and 
projecting a jet of the liquid upwardly from the 
bottom of the vat among the particles whereby 
the particles in the path of said jet are moved into 
changed relation with respect to the other par 
ticles in the vat. 

4. The method of blending propellent powder 
grains which comprises placing in a vat the said 
propellent powder grains and a liquid of lower 
speci?c gravity than the powder grains, said 
liquid being substantially a non-solvent for the 
constituents of the powder grains and present in 
su?icient quantity to rise above said grains; and 
circulating said liquid by withdrawing a portion 
thereof from the vat and injecting said portion 
in the form of a high velocity stream vertically 
upwards‘ through powder grains and liquid in said 
vat, the velocity of said stream being sufficient to 
thoroughly mix the said grains. 

CLARENCE N. HICKMAN. 
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