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Thepresentinventionrelatestoanapparatusforleach 
ingthe alkoxy alcoholsolventfrom shock-geHed nitro 
celulose castingpowder, 

?n order forthe shock-gel process for production of 
castingpowderon a continuous basisto be economicaliy 
feasible,the digycolused asa solventin the operation 
must be recovered?The eXtractingapparatuses known andavaiabiearebothcumbersomeandexpensiveandfail 
to produce completelyleached shock-geled casting pow 
der?Asthe potentiality of shock-geled castingpowder 
grew,the need foreficient,continuously operable leach 
ingequipment became apparent? 
The problems confronting designers of a suitable ap 

paratus which wouldfunction Satisfactoriyunderailthe 
dificult conditions encountered in efectivey leaching 
Shock-geled nitrocelulose have been overcome by the presentinvention? 
The primary purpose of thisinvention isto providea 

Continuouscountercurrentapparatusforcomplete extrac 
tion of diglycolfrom the nitroceHulosephaseandforthe 
concentration ofdgycolintheinitialleachingphase?The 
properremovalcfdgycolisnecessaryinordertoproduce 
a uniform product? 
Thegeneralpurpose of thisinventionisto design an 

apparatus whichin operation utizesa U-shaped column 
in whichfreshlygelledcastingpowderspheroids moyein 
one direction by pneumatic pulsation whie fresh water 
fows in the other direction,Solvent-free spheroids or 
balis ofwater-logged castingpowderareremovedatone 
end,and concentratedaqueousdgycolsolutionis with 
drawnatthe otherend? - 

Anobjectofthepresentinyentionistoprovideanauto 
matic counter current extractor with which completely 
1eached shock-geled casting powderis producedfor use 
in rocketpropelantgrains. 

Anotherobjectofthepresentinventionisto providean 
apparatusforrecovery of diglycolfrom thenitrocelulose 
?hase which may bere-used? 
The exact nature ofthisinventionas welasother ob 

jects and advantages wil be ready appreciated asthe 
samebecome betterunderstoodbyreferencetothefolow 
ingdetaieddescriptionasilustratedintheaccompanying 
sheetof drawingin which: 
F?GURE1 isa vertical View,party diagrammatic in 

character,ofanapparatusembodyingthe presentinven 
tion;and 
F?GURE2isa1argerscale longitudinalsection ofthe 

pressure yalve shown diagrammaticallyin FIG.1? 
The leachingapparatus shown in F?G.1 comprisesa 

pump means,diagrammaticalyiustrated andgeneraly 
indicated bynumeral?é,adroppingpan ?7providedwith 
holesinits bottom,Said panand pump being connected 
byafexible conduit i3 made up of y2 inch I.D.Tygon 
tubiag,the pan being positionedabove the pump whichis 
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2 
adapted to push liquidintothe pan by peristalticaction 
withoutactualcontact between the iquidandthe pump; 
a U-tube9 constructed of fourinch ?D.Pyrexpipe with 
alumiaum fittings and havingaleft andaright colümn 
designated by numerals ?Gand2? respectively,column 
19beingabout86inchesin heightand column2? being 
about88inchesin height,aleachingcontainer ?9 con 
nected to themidportion of left colunn ?? of U-tube 9 
byatubularelbow?4witha constricted passage i5,and 
an exitorifce25nearitstop through which concentrated 
diglycolsolutionis withdrawn;aninlet??throughwhich 
airatconstantpressureisintroducedinto column ?G;a 
Valve 12 mounted on column ?? for controingthe air 
Dressure on the contents ofthe columnand consisting of 
twopieces of concentricceluloseacetatetubing,the outer 
piece beingstationaryandtheinnerpiece beingmovable 
relative thereto and driven bya constantspeed motor?3, 
the pjecesoftubinghavingopeningsthereinsuch thatwith 
movementoftheinnerpiecethe pressureisfrstincreased 
rapidyandthengradualyreleaSed,therebypulsatingthe 
contents of column ?$ forpushingthe contentsforward 
rapidy and then alowingthem to Settle slowly;a fow 
meterattached to the top of column2?forintroducing 
andregulatinga countercurrent ofwaterintocolumn2?? 
an exittube22aboutmidway on column2?forthe exft 
ofthe spheroids;agate vaive24atthe end oftube22 
andaportable container23. FiG.2showsalsngitudinak 
section ofvalve?2mountedon colunn?G byanetalpipe 
coupling36for controlingthe airpressure on the con 
tents of said column?Vaiye ?2 consists of two pieces 
of concentric celluloseacetatetubing,the outertubing2? 
havingan opening23approximatey 34x34inchsquare 
in size and the innertubing3?,being movable relative 
thereto and havingatriangularsit Opening32,approxi 
nately 34X2.5X2.5inchesinsize and beingattached to 
arubberstopper34 which Supportsa steelrod35con 
nectedto Speed motor?3forrotatinginnertubing3?in 
the direction ofthearrow37?Airpressureisconstanty 
Suppliedthrough an opening ??below valye12, 
The preferred pump means ?6usedin the presentin 

vention isa peristaltic type known asa“Sigmamotor” 
?ump,whichis designed to hande liquids,slurries or 
gases,It Operates by means of a Series of cam operated 
fingers which passagainstfexibletubing?8insequence 
and impart a positive unidirectional movement to fuid 
(nitroceliulose Sohution)inthetube?The material being 
Pumpeddoesnotcomeincontactwith the pumppartsso 
nocontaminationreSultsand nockaning ofthe pumpis 
neceSSary?Thepumpis designed touSetygon,gum rub 
ber,or neoprene tubes of varying internal diameters? 
Various pump combinations are avaiable including 
motorsand belt drives and variable speed units,The 
pumpingcombination utizedin the presentinvention is 
composed of a Sigmamotor pump,a ?4 H.P. hydraulic, 
transmission anda?? H.P.electric motor mounted ona 
base?OtherSuitablemeansmaybeused tointroducethe 
nitrocelulose solutiontothe droppingpan;Howeyer,this 
?referred means eliminatesthe hazardthatisassociated 
with pumpingnitrocellulose solutionsincethefuid being 
pumped does not comeinto direct contact with the pump 
?arts, - 

?n operation,nitrocelulose casting powder-diglycol 
Solutionisforced bySigmamctorpump means16through 
tubing1&toadroppingpan?7,Dropping pan?7is pro 

  



vided with numerous holes through which the solution 
paSSestherebyformingdrops?Thesedrops ofnitrocellu 
1ose-diglycol are shock-geled in the form of casting 
powder Spheroids in the initialleaching bath 19?The 
shock-geled particles falthrough constriction 15to the 
bottom of the U-tube 9,The pulsating movementim 
partedtothe waterandthe weight of theadditionalpow 
der cauSesthe Spheroidsto begradualyforcedup column 
2??The level ofthespheroidsincolumn ?9of U-tube 9 
remainesSentialy constantexceptforan osciatingmo 
tion?The contents of U-tube 9are oscilated byfuctua 
tion ofthe air pressure controled bythe operation of 
Valve ?2inwhichtheinnertubing3?rotatesinadirection 
Suchthatthe point ofslit32frstcrossesthefirstvertical 
edge ofthe Square opening28inthe outertube26,Con 
tinuedrotation alows a gradualyincreasing openingin 
theinnertubing39tobe oppositethatofthe squareopen 
ing28in the outertubing26untiltherearedge ofthe 
slit32coincideswith thefrstverticaledge ofthe square 
Opening,Then the openingthroughthe tubes decreases 
untiltherearedge ofslit32Passesthesecondverticaledge 
ofthe square opening28,Atthispointpressure buildsup 
rapidy andisabrupty applied on the waterin column ??whichcausesthewaterandpeletstobeforcedupward 
in column21,Tokeep theforcedivertedinadownward 
directionin column19,tubularextensioni4ofthe leach 
ing bath ?9 is constricted at15 by means of a}6 inch 
rubber sheeting containing an opening ?46 inches in 
diameter,When the inner tubing30 of valve 12 has 
rotated So that the slitagain alows pressure to be de 
creaSed slowy byalowingthe airto be bled ofthrough 
the Opening,the waterincolumn21recedesslowlyand 
the spheroids orpeletstendtostayatthe heightto which 
they were forced?The combination of newiy formed 
peletsin the bottom of column10 andeachadditional 
Pulsationtendsto force the pelets higherin coiumn21 
untilthey overflow into the side arm tube22,Asthe 
Spheroidsareforcedup column21,acountercurrentfow 
of waterisintroducedthroughafowmeter20?Air-free 
water was found to be the most satisfactory,since tap 
water caused bubblesto collecton the spheroids which 
produceda buoyantefect? 

gradualyenrichedwith digycol?The concentratedaque 
ous digycolsolutionisexhaustedthroughexit25. When 
equibriumisestablished agradient of concentration of 
digycolrangingfrompurewateratpointA ofexit22to 
25—45% aqueous diglycolat point Bof exit25existsin 
the aqueousphase?The Solution inside the shock-gelled 
Powderranged from being dgiycol-free atthe point of 
exit22forsaidspheroidstobeingconcentratedindigycol 
atthe bottom of column10,Whenthe leachedspheroids 
areforcedtowardthetop ofcolumn21,thespheroidsfall 
intotube22from which theyare removed by means ofa 
twoinch gate valve24,This valveis opened topermit 
the spheroidsto falinto container23,Theremovalof 
theleached powderisthe onlyphase ofthisprocesswhich 
Fequires manual Operation. 

Datafromthreerunsaresummarized below, 
in minuteswas measured from initial droppingof nitro 
celulose casting powder-digycolsolution?The concen 
tration of digycol was determined by refractive index 
measurements?Theaccuracy ofthismethodislimited to 
0.2to 0.4% diglycolwhichisin therange foundin the 
leached balisin Tables [and II,The weights of the 
wetpowderand consequentythe drypowderwere ap 
proximated? 

Conditionsforthethreerunswereessentialythe same 
except fortherate of addition of water to the column? 
Arate of200ml/min.was notfastenough in the frst 
runastherefractiveindeXmeasurementsindicatedafair lylarge amount ofdiglycolremainedin the shock-geled 
nitrocelulose?Arate of400ml./min,wastoo-fastin 
the secondrunasthe efuentwasofalow concentration, 

The digycoliscontinuousy 
removed from the freshiygeled spheroids unticomplete 
kaching has occurred with the aqueous phase becoming? 

Thetime 
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4 
Therate of270ml/min.inthefnalrungave spheroids 
thatwereessentialy digycolfree anda29% concentra 
tion ofdiglycolinthe efuent, 

Tab? ? 

Wt, Percent Percent 
Time Wet DGin DGin 
(min.) P0wder Wet Ef?uent 

(g) P0Wder 

1,700 305|Water rate?200 ml? 1,700 36,0 min.to 198 min.and 
1,700 39,5 220 m1/min?t0 318 
1,700 40,7 min? 
1,700 42.0 
1,70G 42.6 
1,700 417 
1,700 41.8 
1,700 4?.3 
1,700 4i.0 
1,700 40.2 
1,700 ---------- 38.3 
1,700 0,5 37.0 

20,400 0821b*?(dry weight) 

Table I? 

Wt, Percent | PerCent 
Time Wet DG in DGin 
(min) P0Wder Wet E?uent 

(g) P0Wder 

300 Water,410 mijmin? 
900 to 150 min?and 300 
300 m1/min?to280 min? 

2,800 
2,800 

510 
1,770 
1,650 
3,390 
3,390 
3,520 
3,520 
3,010 
3,010 {}.3 27.2 
17,900 0781b/hr?(dry weight) 

Table I? 

Wt, Pergent Pergent 
Time? Wet DGin DGin 
(min) P0Wder Wet Efluent 

(g) P0Wder 

500 -------------------- Water rate,270.ml/ 
2,130 0.1 25,1 min. Casting Pow? 
2,130 0.4 27.? der DGrate110g/ 
2,130 0.2 28.7 min? 
2,?Q|,0.? 28.3 
2,130 0.3 28.6 
2,130 0.2 29.0 
2,130 0.4 28.6 

,2,130 0.3 28.7 
17,000 0.731b/hr.(dry 

weight) 

Various modificationsare contemplatedand may ob 
Viously beresortedto bythoseskiledin theartwithout 
departing from the spiritand scope of the invention, 
as hereinafter defined by the appended claims? 
Whatis claimedis: 
1?Apparatus forleachinggranularnitrocelulose,Said 

apparatuscomprisingapump havingextendingtherefrom/ 
a conduit,a dropping pan provided with holes in its 
bottom,Said pan and pump being connected by Said 
conduit and the pan positioned ona level above the 
pump,an initialleaching bath container provided with 
an exit orifice nearits top and a tubular extension in 
communication with one column ofa U-tubeatapoint 
1ower than the container and about midway of said 
column ofthe U-tube,Said droppingpan positionedad 
jacent Said leaching bath container,a Valve positioned 
atthe top of said one column ofthe U-tubeadapted to 
control the airpressure in said column,a fowmeter 
positionedatthetop of theother-coiumn ofsaid U-tube 
for providingconstant countercurrentflow of water,an 
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exit tube positioned about midway on the said other 
column of Said U-tube andagate valve meansatthe 
end of Saidexittube. 
2,In an apparatus for shock-geling and leaching 

granular nitrocelulose,the combination comprising a 
pump,a droppingpan provided with holesinits bottom: 
Said panand pump beingconnected byafexibletubing, 
Said pan beinglocatedabove Said pump,and Said pump 
beingadapted topumpliquidintosaid pan byperistaltic 
action withoutactual contact between the liquid andthe 
pump;a U-tube having a right and a left column;a 
leaching bath container connected to Said left column 
bya conduit havinga constricted passage,Said container 
havingan exitorifcenearitstop;Said U-tube beingar 
ranged with the leaching bath container directly under 
neath Said dropping pan,Whereby the Solution to be 
leachedfowsthroughthe holesin Said pan therebyform 
ingdrops Which falinto Saidleachingbath containerto 
be shock-geled into spheroids,Said spheroids faling 
throughsaid conduitandintosaidleftColumn,Said con 
stricted passage actingasa check meansto preventre 
yerse movement of Said spheroidsup the conduit;means 
attached to the top of Said right column forintroducing 
andregulatinga countercurrent of waterinto said right 
column,Said right column being provided with an exit 
tube below its top for the exit of the spheroids,and 
means connected to Said left column forimparting a 
Pulsating movement to the contents of the U-tube,said 
valve means comprisinginnerand outertubings concen 
tricallyarranged,the outertubing beingattached to the 
top of the left columnand havinga Square Opening,the 
innertubinghavingatriangular Openingand movingre 
ative to the outer tubing;Whereby Said spheroids are 
forced through the U-tube and into the exittube and 
excesswaterisforcedout ofthe exitorice ofthe leach 
ing bath container? 
3.Anapparatus for Shock-gelingnitrocelulose com 
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6 
Prising,a U-tube havinga left anda right column,a 
leaching container connected to the midportion of said 
1eft column byatubularelbow havinga constricted pas 
Sage and an exitorifices nearitstop;an airinlet posi 
tioned nearthe top of said eft column through which 
airat constant pressure is introduced;a yalve means 
mountedatthe top ofsaid1eft column through which 
airatconstant preSSure isintroduced,Said Valve means 
comprising inner and outer tubings concentricaly ar 
ranged,the outertubing beingattached to the top of the 
ieft columnand hayinga Square opening,the innertub 
ing haying a triangular opening and rotatable relative 
tothe outertubingand driven byaconstantspeed means 
for the purpose of pulsating the contents of said left 
column;a fowmeterattached to the top of said right 
column forintroducingandregulatinga Counter-current 
of waterintosaidright column;an airexitelbowabout 
midway on Saidright cohumn havingagate valve atits 
end forexit of nitrocellulose;a dropping pan provided 
with holesinits bottom positioned above Said leaching 
containerand havinga conduitextendingtherefrom con 
nected to a means adapted for pushing nitrocelulose 
solution through Said conduitinto Said pan? 
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