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"Improvements in the Manufacture of Nitro-cellulose " 

.. . \, ~. I. 

"Ye, .FREDEIUC LE\\' lS };,I.1'11.-I.:\, .JIajOl', Hoyal .-hliller,\', J .nu::; .JIIL" TIIO~hO~, 
~\I:\n:\ge!', aJl(1 ·\rJLI.I.UI TH<HUS Tll())bO~) Chemist, nil of the Hoyal UUllpu\\'dl'l' 
.Facto!'y, ,raltham .-\bbey, E s,;ex, du hcreby declare the nature of thi s iUH'lltion 
to Le as fo llows; - . 

5 'fhis iun:lliioll relates to illlJ!rUH')lll' ld " ill tlll! ll"letllUd;- uf j'l' lIlU\'illg' thl' ""' ater 
leH ill llitro-l'cllulose aftl'l' wa shing' by repln cillg' the \\"n( ('[" by alcohol to :\\"oid 
the necess ity of dl'yillg , . \mull g the \"nriuu~ methuds which han' l)('cn pl'opose d 
'l1'e; illtel"luittellt trcatment with alcohol; partial J"l'lIlo\"a l of the wat('l' by COll

sldl'J"ahle Pl"€ss ul'e followed b\' lIel"colatiun with alcuhol ;\ ~sistcd by eith('l' pl'eSSll lP 
10 01' suctiou: pC'l"colatioll of th~ :lleohul thruugh a culumn of llilt'~-cellulo ,;e which 

had prcnuusly l!l'en partially in'clI hom water by llle<lll:S lIf li ght pressure or 
trcatment in a l'ellll·ifllgal se.pandor. 

The object of the prese nt inYL'lltiou is tu replace the waln with .dcohul \\"illwul 
the use uf pJ'l':;sure or ~'ll ui\"<dellt trl'atlll cll t , and in such a lllallll('r that a Yl'J",\ ' 

15 ~mall amount of dilution uf alcohul with ,yater takcs pla ce , 
It is specia lly des irclI to a'"oitl the dilution of the all'uhoJ \\"hich lICUII ,; ill thl' 

1>(,l'c01atio11 nwtlwd of hratlllent. which hns bt'c n ·hitherto proposed amI hiell \ritIl 
but little success, 

In sueh lIldho(1 of treatm cnt thc \\' et llitl'I)-(:l' lIulo .~e ill ~t)jll e C'\SI'S after jll"t'ssillg 
:W has bCl'll suspelld <'ll ill ail', anti al cohol ('aused tu lriekk o\'Pi' it. Th e al cohol thlls 

)Jl'J'colates thruugh lIlld amung the fibres of the nitlU-et,llulose . amI wn slll's (Jut 
the water, This process is, 1Io\\'c \'l:r, ' "cry imperfec t , owing to the Pl'P"l' llC'(' (If 
air, alli! Iudhcl' illYoln's the U :;l' of a large (luaJdity of a1col101 , alld r('su lt s ill 
Its grcat dihdion. 

25 'fIle illH'lltion Hcconliugly eOllsi"t.,; ill a Pl"fICl'SS 01 )'cmoyillg the \yakl' hOlll 
Hitro-cellulo:sc b, treatment \,"ith Hlc(lltol alolle without acc(':;" o£ ail', thus di~ 
pensi;lg with th~ expensi\"(' apparatus which has hi therto bet' n IlN'(',;SHI'Y, Such 
process comprisillg: (1) ~u"pell~ioll ill waleI' of thp llitl"o-ccIlulos!' to ut' tn'atcd: 
(:!) the fiunting on of n tlu<lntity of alcuhol on the top or thl' wall'r: ant! (;1) th c 

30 aowllwa rd di splncelllPllt of the water hy tllC' alcohol ill such n wa~' as tn inyoh-e 
very littil' llIixillg of tIw hn), whl'l'!'by the watl')' i" quid":' rpl\lO\'ptl with but 
!>lIla II d iln t iOIl of t he alcohol. , 

In eanying our illYeJltioll illtu effect nccol'llillg to Ollt' modification, tht' llitl'Cl
cellulose iu the conditiull ill which it is Idt aitcl' purifyillg i" cO\"l'n,t! with water 

35 so that pl'acticalI~' all nil' is exeluded, ~lcohol is t.hl'll (fl,i('tly I"Im 
(lJl to the surface of the w"ter so as to forlll a lnn'r OH thl' suriae!) 
separatt'd from the \\'<\ ter by a sh~rp ,linE' of dell;n rea tion , .\. coc k 
01' valn~ lit the bottom of the w:iscl IS shghtly ope lied so t.hat the \rlltf'!' is ' 
allowed to flow awa, slowlv, ~\S the le vel of the water fa ll s the alcohol follows 

4.0 it and l'l'places it iil the i;del'stices of the llitro-cdJul()~p, fre sh alcuhol bcing 

' [p,.ice 8d.J 
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!lIlded ut, tlw t(Jp of the "es:;(>1 us l'e{luileu . '1:hi9 .treatment is cOlltillu~ (~ until ~l: 
the water IWt; been displacetl by alcohol, wInch ~ s s!to:\,u by the spec:flC gravIty 
of ,the dHueut fnlliu" ulltil it is the sa mc as the mfiowlllg alcohol. '\, e find that 
the alcohol nnd "'at~r pradicully do not.mix to Ully exkl.lt, du~'ill,g this pl'oces?, 
the result of this lwiuO' that ollh· a 1<,1 a t1\'e1\' small qunllhty of dIlute alcohol IS fJ 
tOlllH'(l. After the d~-hY<lrntiDil of the llifro-eellulose ha; bel'll complete d, ~s 
mu ch of the alcohol as p;;ss ible is l'('llloyerl by <lruilliug, vressillg , 01'. treaj:mcnt III 

a centrifugal machinc, Th e uitro-cellulosE' is th('u ready for, u se .Ill the manu
inchu(' of explosives without further (1r~" ing . The Pl'oc(' s;; ~s, SUItable for the 
treatmeut of matl'l'iais pith!.'r ill the pulprd 01' unpulped ('ondltIon. . 10 

The essential feutuI'(' of the illYClltion i~ the omi!lsioll of all prl'ss lIlg or other 
SImilar prcliminlny oprl'atiolls, Hnd ill contrast to, 11l'('yioHS Fl'oresst's i1JY,ol\'cs th e 
adual imlUf'l'Iling of the mat('ria l to hr trcatell III water so as to outaw nt the 
st:nt. a definitr' ~uda('e of separation bet\Y('('n tIll' wutpr al1(l aleohol. 

Dated this 27th Llay of }[m,('h, 180:3, 

~LillK~ &, CLEHK, 
IS, Southampton Buildillgs, Lmlduu, " ' ,C" 

1:3, Temple Stred, Binllinghalll, and ~O, Cross ~!teet, ..\Ianch!.'ste l', 
Agents. 

CU"\ll'LE'O; ::il'ECIFICATlO\ , 

"Improvements in the Manufacture of Nitl'o-eellulose." 

]fi 

:w 

"',e, l'ltE])EHlC LE\\'JS XXl'UAK, }Iajor, Hoynl Artillery, J.un;:; jIu.;,\ 1'u01JSOX, 

..\!auage!', and '\YJLLLHl THo~L\S TllO~\lSOX, Chemist, all of the Hoyal Guul'owder 
J<'actory, ,Yaltham .\bbcy, in thl' County of Essex, do hereby (leclal'{: the natme 
of this illY<:ntioll and in ,,"hat mannc!' the same is to be performed, to be pnrticu- 2{) 

larly described and asceduilleu in and by the follow in g statement: -

This inyentioll relate:; to improH'ments in the mcthods of removing the water 
left ill uitro-cellulose after washillg by replacing the ,,"ate r b~' alcohol to a,oid 
i he necessity of dryin g, Amoug the variolls lI1ctholls whie It ha Ye been proposed 
arc: intennittcnt treatmcnt with alcohol; partial removal of the wnt<:r by C011- 30 

. slderable Ul'<:,ssuI'c followed by percolation with alcohol assisted by either pressure 
' or suction; percolation of the alcohol through a colulllll of llitro-ccllulose which 
hatl previously been padially freed from water by m('uns of light pl'cssme or 
hea tmen t in a centrifugal separator. . 

The object of the prescnt iuyentioll is to replace the wate!' with alcohol "Yithout 35 ' 
the use of pressure or elluinilent treatment, anu in such u mauner that a yery 
~l1Iall amount of dilutioll of alcohol with water takes place, 

It is specially desircd to avoid the dilution of the alcDhul which occurs in the 
percolution method of tn'atm{'nt which has bceu hitherto proposed and tried with 
but little success. 40 

In such mctholl of treatmeut, the wet uitro-cellulose, i11 some cuses, after prcssinO', 
has becn suspen<led in nil',' and alcohol caused to trickle ()yer it. The alcohol thi.~g 
pt'l'colatcs through and among the fibres of the nitro-cellulose, and washes out, 
tl!c wuter. This pl'Oecss is, however, wry imperfect , owing to the }JI'escnce of 
all' and imther inyohcs the use of a lnrge quantitv of alcohol and results in 45 
its O'I'eat dilution. ., 

'fhe iUY<'ut ion accol'llillgly consists ill u process of l'emoviu O' t he water from 
nitI'o-cellulose by treatment with alcohol alone without accf'SS of ail' and without 
preliminary lll('chanical treatment., thus dispensing with tlie expensive apparatus 
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,,·hich h as h itherto bc-cn ll ccessury j such process compri sing j (1) suspe ll sion iu 
water of the n it ro-ccllu lose to bc treated j r~) the flo ating 011 of u quunt ity of 
.l1cohol 0 11 the top of the water j and (:3) the downwal'd di splnecmcnt, of the wate l' 
Lv thc alcohol in such a way ns to in volye ycry l ittle m ixing' of the two, whcl'e uy 

5 tlH' watcr is quickly remowd with but sllla ll d ilution of t he a lcoh ol. 
In CaIl'yillg our lIlYelltion in to d ied acconlillg to one modification , the nitro

cellulose ill the con dition in which i t i s left after purifying is covered with wakr 
so tha t practica lly all nil' is excluded. Alcohol is t hen quietly run OIl to the 
~ urfnce of the wate r so as to for 111 n layer on the su rface separa ted from the ~\'a t('[' 

10 uy a !Sharll lino of demarcat ion. This lllUY con yeniently be e:ttected by allowiug 
tllO alcohol to fl ow gently down the sides of the vessel. :"\. c~k or Yalyc at the 
bot/om of the vessel is slightly opcned so tha t t.he water I S allo wed to How away 
~.do,,- ly. ",Ve have found that a rnt-o of £rom onc half inch to one illch pel' hour 
is su itabl e. As the leyel of the water fall s, the alcolwl follo\r s it and replaces 

15 if ill the interst.ices of the nib-a -cellulose, fre sh alcohol being [((Illed to the top ot 
1lJe yes~el as iequil'ecl. This lre atment is continued until nll the wnter ha ~ 
been di splacell by alrohol , which is shown by the specific gravity of the effluent 
falling until it is the snme as tho infiowing alcohol. -We find t.hat the alcohul 
<\llc! water practically do not mix to lIllY e.stent during this process , tbe rcsult ot 

20 ~Iji:; being; that only a relatiin:ly Sll~all qunll.tity of c!ilut{, alC'oLd 
IS formed , After the de-hychatlOu of the mho-cellulose ha s been 
I>ompletetl, as much of the alcuhol as possible is r cmoyetl by llraining, press ing, 
01' treatmell i in a centrifug al ina(:hinc. The nitro-cellulose is then leady for 
lIse in t.he lllHllufurtme of explosiYCs without furthe r drying. The process is 

'2;) ~ uitable for the treatment of materials c ithc'l' in the pulpetl 01' ullpulped condition. 
The essential featl1l'l' of the iuycntioll is the omiss ion of all pr€ss ing 01' other 

s;miJar preliminary operations j and , in conhast to previous pro(,esscs, illyohe~ 
the actual immers ing' of the material to be treated in watpr so as to obtain at 
the start a definite surface of separation between the water and alcohol. 

30 Um process may be carried out in any suitable vessel adapted to enable water 
to be withdraw]) wi.thout the production of se.rious eddies. It may, for {'xHlnpk, 
lIaye a hottom ~lOplllg to an outkt cod" throug h "'hich the "'ntc]' can be slowly 
:1lId steadily withdrawll. . 

The. \'essel should be of sbllJP adapt~(~ to giye liquid surf<lccs.large ill proportio1l 
35 to then' depth, to enable la rgE' quantIhes to be treated ut a tnn e. For E'xampIe, 

lh e vessel , if cylilllhical, may b E' of diameter equal to or greater than its depth. 

Having now particularl)' (.lesrribed and a;;cerhlined the nature of our saill 
in nmtlon and ill whnt manncr tho same is to be performed wc declare that what 
wo claim is :~ 

':10 1. In the manuf'nctUl'C of llitro-ccllulose, the process £01' rCllltl\'nl of water how 
the washed bulk consisting in im mersing it in water, floatill g on to t.he sUl'face 
o:!" the wuter a quantity of alcohol, drawing ofi' the wa ter slowly so tha t dmYlI wanl 
displaccmput of tb.e wat€r takes place wit h the min imum m ix ing and the water 
is removed without mechanical treatm ent, substant ially us de scribed , 

45 2. 1'h(, improved process for rellloving water £rom uitro-<?ellulose ht'l'einh€fol'c 
dCSCl'ibcd. 

Dated this 2:3nl lhly of December, 1903. 

') IAR KS & CLEHK, 
18, Southaml)ton Buildings, London, "\ r .c., 

50 1:3, Tem plc Street, Birmingham, and 30, Cross Street, :)1anchesier, 
Agents. 

Ileuhill: Pl'iuteu for His Majesty's Stationery Office, by Love &: Molcomsoll, Ltd. 
G. 784()-l2lj-:l/l!)OJ~ 
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