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:ndustrial plants in Universities would, ne believed, 
~.-c hinhly costly nnd quite unsuccessful. . 
: Dr. R~ S. ],[ORItELL snid there wa.~ one suggestion he 
Yi<hcd to make, and if adopted he thought it would help 
:., clear up the difficulty of the application of University 
tdcnrch to the wants of th(l manufacturer. Research 
c icht be made of more immediate use to the manufn.cturer 
I: ihere ",,,re n closer connection between works chemists 
.~,l the University. Speaking from experience, he found 
t;,at there was much pure laboratory work to be done 
'5nich coulcl be wcll carried out in the Univerfiity. The 
.-c'rk \\'ould be goocl training in res('arch for a post. 
:"c1uate Ftudent in his Rccond year. The results would 
r.He no dircct moncy 'l"alue-they cot:ld only be u'eful 
I~ tbe hands of n works chemist, who with his knowledge 
<: indu<trial condition, could turn them into £ fi. d. 
.' ;;ch a schcme of research would ('nablc th" manufacturers 
t.' en~ourage research Echolnrships and fdlowships, 
"d would eliminate the k'Cling that there was a danger 
.. ~ disclosing trade sccrets by so doing . . It mil!ht be 
.. -~cd, .. How much of the research work done in the 
['riversity would be of practical use or application in 
,,,i3 gocneration ~.. He feared it would be far too little. 
li c' dill not think that the manufacturer would ever allow 
,ne swdent. and much ll'ss the professor, to have the 
r.m of the" works "; but he thought he could influence 
l'ni .. ersity resenrch through the sugc:estions of his worb 
r"emist fiO that result, mi!!ht be obtained which would 
i,· of '\'alue to the pre,ent c-eneration. 

)Ir. E. A. LEWIS was of opinion that applied chemistry 
",uld only be taneht by applied chemis~, and tbat 
.rrry Uni\'crsity should have a lecturer on the chemical 
..nd metallurl!ical staff with at least 10 years' works 
rIp<'ricncc. Many kachers had an idea that if their 
.,udcnts pa..<sed examinations they were competent 
,·hrmists.. Theoretical cxaminat.ions mil!ht be nece~sary, 
i,nt c:raminations in practical chemist.ry werc a WA.Ste 
ni lime, beine no te..t whatever of competency in applied 
.:heruistry . \\'ben ar employer eD!!a!!oo a younc: cht"mist 
hr required to know if he wn... an accurate worker durinC' 
,nc whole of his colle!!!' career. 'not durinc: a few hours 
in an examinati'Jn, he also wanted to know if be e·ould 
tbink in tons. In many collec:cs the e5timation of 
impurities in commercial producL. was never taught, 
.nd ye.t an employer ",as often morc interested in t·he 
moos of impurity prp.sent than the principal constituents. 
The art of sampling was n~nal1y ignored altogether, 
although in many commercial laboratories it wns as 
important as annlysi5. The grantinc: of degre<:.s or 
diplomas after a 3 yenrE' conee of training was wrong; 
no de;'Tee or diplomn for technical chemistry or metallurgy 
,hould be g-ivcn except after 5 ye"rs' works experience 
or for some ori.lrinal research on applied chemistry. He 
t.,-ccu with Mr. Heathcote ~hat analyses of commercial 
matcrinls ~hould be practised. A largo amount of applied 
"hemi,try could only be learnt by practical experience 
in a works. 

)[r. HEUHCOTE, in reply, said Dr. Price Ilnd Profcssor 
Franklanu had touched upon the main difficulty-the 
'1lIestion of time neccs.<a.ry for suo.h a course as he suggested. 
His attitude was t.hat some !-raining in industrial chemistry 
w~ , ncces..<ary, p.nd he assumed that ItS his major premise. 
In this. T'ure chemistry was nccE'Ssary; and after that 
I:c placed re,earch, and then IlS much of the gencral 
troining that one conld get in in tbe time availahle. 
The trend of the Chairman's remarks was to point to 
the lack of o\'leninl1:S for University-t.rained industrial 
,·hcmists. While he (thc speaker) admitted the trutb 
(.f all thnt the Chairman said, he felt it true-&nd a 
truth that should alwl<Y' be associated with the admitted. 
lack of dcmand-tbat the cure for the defect lay with 
industrial chemists themselves . . They and they only 
<'ould prove the value of thcir abilities and it wa.~ for them 
to incrc!lSe the ILvailnbility of their information and 
(·xprc.o.s it in 8uch terms and il'l such places thnt it could 
reach and be understood by manufactureTl'. If thev 
found by experience that their tnin.ing had not been 
quite . th«l most suitable, it was for them to voice their 
requirement~ and hope for the sympathetio attention 
of the Universities · and other eduCl\ting institutions. 
He was glad that Professor Frankland had .no objections 

to express, other than time considerations, to the ~chcme 
outlined in the paper. Professor Frn.nkLa.nd did not 
think the question of value a very difficult ono. He 
(the speaker) had found it a very complicated un.,; A man 
placed in a re:<~nsible . p()l;ition might Hoon come to 
a.ppreciate what 'valufl" JR, but thr.t would hI' no rt-Mon 
for neglecting to study it, and it!. far-rl'.aching issuet<, 
in the preparatory trainin@'. Economic condition. were 
referred to by ?Jr. Roleroft as th" oO<.tacl .. to tho develo\'l
ment of the coal tar induRtries hcre. This,~ gl'nllrally 
admitted as onll eau,c. but another ancl grrater one was 
the departuro of Hofmann for (;ermnn..l' h~cause the 
"alary offcred him in England wae not suffiricnt. He 
took it tbn.t Mr. Holcroft did not intend to suggest thn.t 
economic conditions in the ilritish Isles were 6uITicient.ly 
malign to render the tmining of industrial chemists 
undcsiro.blc. No doubt the conditions were temporarily 
detrimental in some ch~mical industries, but not in al!. 
Furthermore, where capital had been extensively invested 
in chemical plant it became all the more desirable to 
employ a research chemist, because, on account of the 
activity among scientific workcrs, the rate of depreciation 
of chemical plant was apt to bo very high. 

Mr. Tucker doubW whether tbeory is a Ilt.bour.saving 
device. He (the speaker) supl'JOsed that each strongly 
ad vocated the food he was brought up. on. It would be 
the height of folly to advocat" neglect of theory in tho 
training of industrial chemists. Theor, Wn" the off
spring of practice. Prnetice comes first. an cl when 
sufficiently grown and extensive to show the ntlcs and 
regularities running through it. .. Theory" follows
as a rule-and probes beneath tbe skiu of hct to get 
to the foundations and stmctures upon whi~h facts or 
phenomena are superposed. He believed tbat in attempts 
to initiate new practices the first thing was to ensure 
sound foundations, and theorv .... a" needful for this. At 
the same time the .. ounce 'of pTllctice" which knows 
nothing of t.heory ought to be used; for it often embodied 
wide and long ex-perience. He heartily concurred with 
the suggestion of Dr. Morrel!. Uni.-ersity professors 
certainly hlld the precedent of inanimate nature when 
they, like the trees of yore which huried the results of 
tbeir chemical activities in tho earth. ex-pended theircnergies 
now for npplication many centurios honce. It cannot be 
said, howevcr, that thisl'JOst-dnting et the droft commend. 
itself to one's common sense. Let men who excel only 
in this kind of work do it by all means, but do not encouTllge 
them to engllge the youthful, eager, and adaptable minds 
of the students in ·Iike pursuits. 

In conclusion, he would like to MY that there must be 
a consideroble subeon5Cious demand' for applied chr.mista; 
in the engineering trnd~ which bulk 80 large in and 
around Birmingham. If one cycle firm could employ 
a staff of eight in their resenrch laboratories and keep 
them continually bU8Y, there mllst bo other industries, 
not usually included under the heading of chemical 
industries, in which chemists could do valuable work. 

London Section. 

Jleuing held (I/. Burlington HOU8C on Monday, 
February 181., 1909. 

DR. J . UWXOWITSCH n; THl!: CHAIR. 

GUNCOTTON AND ITS MANUFAcrURE. 

BY COr.. srn FREDERIO r.. l'!ATlUN, R.A. 

Guncotton was discovered earlv in 1846 by Christian 
. Friedrich Schonbein, at Baslt>. 'It was not until forty 
years later that it fulfilled his expectations, referred 
to in a letter from him to Fnraday, dated the 25th August, 
1846, .. of becoming a dangerous rival to gunpowdor," 

. as rega.rds ita use as a propulsive explosive. Schonbein 
came to England in August, 1846, and .... as present at 
Woolwich on the 9th October of that year when &<lme 
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IIUcccea£u1 experimenU! were made with his guncotton, 

and immediately afterwards, he, ' together with Bottger, 

who independently diecovered guncotton shortly after 

Schonbein, entered into negotiations with Measrs. John 

BaU and Son, of Fs.versham, for the ms.nufacture and 

salo of guncotton in England. This firm erectkd a 

guncotton factory adjacent to their gunpowder works, 

hut a very disa.strou8 explosion on the 14th July, 1847, 

destroyed the factory, which waR nevar rebuilt. 

The early history of the ms.nufacture of guncotton 

abroad, and of the attempts made, particularly in Austris., 

to ads.pt it for propulsive pllrpOseS in small arms and 

cannon, have been so fully described by S. J. von Romocki 

in Vol. IL of his .. Geschichte der ExplosivstofIe," by 

Dr. R. Esca.les in .. Die SchiessbaumwoUe," and by others, 

that it is not proposed to deal with these matters in this 

paper. It is only necessary to remark that a factory 

was erected at HirLeuberg in Austria, where the pro· 

duction of guncotton on a manufacturing ecale was 

worked out by Baron von Lenk, of the Austrian Artillery. 

As the general principles he elaborated with such care 

s.nd perseverance are in the main those still i,n use, it is 

of interest to give brieBy the general hnes of hiS processes 

of manufacture. As his row material, von Lenk employed 

hanks of loose cotLen yam, purified by boiling for a few 

minutes in s. weak solution of potassium cs.rbonate, 

centrifugaling out the liquid, s.nd then thoroughly wash!ng 

the yarn in cold ws.ter. The cleansed ys.rn was dned 

in s. hot air chamber; when dry, it was placed in airtight 

receptacles to cool; when cool, it was immediately dipped 

in the nitrating acid. The nitratinl; acid consisted of 

one part by weight of nitric acid of 1·52 specific gravity, 

and 3 parts bv weight of sulphuric acid of 1·84 specific 

gravity, thoroughly mixed to,gether and cooled. The 

dipping pans containing the Dltratmg aCid \Yere of cast. 

iron and stood in troughs surrounded by cold water. 

About G Ol.. of cotton, or two skeins, were immersed in 

the acid at a time, llnd moved about in it for a few minutes, 

until thoroughly saturated, the cotton was then removed 

bv means of an iron fork, placcd on an Iron gratmg above 

the pan, and some of the excess acid got rid of by gen tie 

squecz;ing, the proportion of acid retained being about 

10·5 parts by weight to 1 part by weight of the original 

cotton. The acid bo.th was made up by the addition of 

fresh acid after each removal. Six to eight skeins were 

next introduced into a stoneware pot, fitted with a lid, 

in which they remA.ined for 48 hours. The pots were 

placed in cold water to keep their contents cool. After 

the 48 hOllrs digestion the contents of the pots were 

limp tied into '" centrifugal machine and as much of the 

6xcess acid as possible extracted. On removnl from the 

centrifugal machine, the hanks were immersed as suddenly 

and completely as possibly in a. cascade of water, washed 

until no longer acid to the taste, and afterwards placed 

in crates or perforated boxes and kept in flowing water 

for about three weeks. At tho expiration of that time 

the skeins were centrifugaled to remo~e the bulk of the 

water, and boiloo. for 15 minutes in a so lution of potassium 

carbonate of 1'()2 sp. gr. The alkalino liquid 'was removed, 

and the skeins again immersed in flowing water for a 

few dava. 
Manufacture proceeded at Hirt~nberg without serious 

accident until the 30th July, 1862. On this day the 

guncotton in the ma~az;ines exploded, owing to Apontaneous 

decomposition, and another serious elo:plosion occurring 

on the 11 th October, 1865, the ms.nufacture of guncotton 

was officially prohibited in Austria. 
; Early in 18G3, by the desire of the Secretary of State 

for War, Sir Frederick Abel took up the study of guncotton 

and its manufacture in this country. In his first memoir 

on .. Researches on Guncotton," T-ea.d before the Roval 

Society on the Hltb April, 18GG, Abel described the 

import.a.nt steps in von Lenk's system of manufacture, 

mainJy in connection wi~h. the production of a stable 

product. He was of oplOlOn tho.t the alkaline boiling 

was the most important part of the purification process, 

and that its function was not so much to neutralise and 

remove residua.l traces of the nitrating llcid, as to di8Bolve 

u~stable bodies prod?~ed by the action of the nitrating 

&CId on sms.U qua.ntltles of resmous and other foreign 

subRtances still retained by the tubular fibre. 

The important modification introdnced by Abel in tl ... 

manufacture of guncotton and patented by him in ISJ;:, 

(Eng. Pat. 1102), had for iU! object the reduction of 

guncotton to a pulp, and forming from this pulp gnUll 

suitable for propulsivll purposes. But the .. pulpin~ " 

process had, he considered, a further advantage, ,.-hi,h 

was deecribed hy him in the following words :-" As II.

difficulties attending the perfect removal of the &~id 

with which the guncotton remains impregnated after it. 

conversion a.re IDAinly attributable to the tubular strucler. 

of the cotton fibre, and to the circumstance that II.t 

latter contracU! considerably upon con~ersion int" 

pyroxylin, the complete purification of the material j. 

very greatly facilitated by reducing the guncotton fib". 

to a fine state of division, similar to that of the pulp u,,-d 

in paper manufacture, in which form it appoa.rs likrh

that guncotton will receive ad"antageous application, 

By su bmission to the 'pulping' process, the guncottoe 

is divided into "ery minute fragments , and it is at the som,· 

time violently agitated for some considerable time ... itl. 

a very large volume of water (rendered slightly alkalin.· 

if necessary), whicb is afterwards thoroughly expresstJ 

when the pulp is converted into cylinders or other for:n., 

so that a more searching process of purification can scaredy 

be concei"ed than this disintegration of the guncotton." 

It is very probable, in view of the system of purification, 

consisting mainly of prolonged washing in cold runnin;: 

water, in use at the time of Alx>l's introduction of lb. 

pulping process, that his treatment did produce a mucb 

purer guncotton than was formerly obtained, uut recent 

work on the su bject of the purification of guncotton b" 

dtlmonstrated that other points besides the complclt 

removal of traces of the nit-rating acids underlie tbe 

chemistry of the purification process. This iruporl;ml 

question wi ll be dealt with later. 
Although the pulping and granulating of guncotton 

did not succeed in transforming it into 1\ propulsin 

explosive, the greater purity of the material resulting 

from the pulping process, re·established confidenco in 

guncotton for other military purposes, such as for mine;. 

torpedoes, and field service work, as well as for blastin" 

purposes. 
Messrs. Prentice and Co., of Stowmarket, had COOl' 

menced the manufacture of guncotton according to von 

Lenk's system in 18G3, but a serious accident occurred 

at this factory not long after stArting manufacture. In 

1865 they rebuilt and enlarged their factory and recom· 

menced the manufacture of guncotton, introducing 

Abel's improvements. The Stowmarket factory no,," 

belongs to the New Explosives Company, Ltd., and i5 

st-ill making i!uncotton by the Abel process. 
Th(l manufacture of guncotton was commenced in 

1863 at Waltham Abbev on a small scale under Abcl's 

direction; it was not u-ntil 1872 that a factory capablo 

of turning out about 250 tons of guncotton per annum 

was established ther~. The main portion of this factor." 

consisted of old buildings which had formed part of 

the Saltpetre Refinery, and abutted on the princip.11 

street of the town, Fresh land, away from the to 1\11 , 

was acquired in 1885, and a guncotton factory was built 

on it, and commenced work in 189d. It was considembl,r 

enlarged and alteI'('rl in 11104-5, and is now capable of 

producing about 2000 tons of guncotton per annum 

by the di8placemcnt dipping process of manufacture, 

to be refilrreu to later. 
It has alread v been stated that the in~ention of Abel 

had for its object the production of guncotton in a form 

in which it WIlS hoped it would be suitAble for use as & 

propellant. To attain this object, he reduced the finished 

guncotton to a very fine state of division. It was sub· 

sequently found that guncotton in this condition '(f1l~ 

more readily purified than when it had to be kept in the 

form of skeins throughout all the processes of manufactllre. 

Abel's process had other advantA,::es, however. As tho 

.guncotton in its final form was reduced to a pulp, it was 

no longer necessary to use expensil'e long stapled cotton 

yarn, and instead of this material, wasto from the cotton 

mills wns employed; this waste cotton was, by means of 

suitable machinery, opened out, and in this condition. It 

. was more completely eXjJosed to the action of the aCids 

than were the skeins. Again, the guncotton pulp could, 
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;,::: hydraulic pressure, bo compressed into dense and 
,",,:::>PCL mnsses of any desired shape, making it much 
C0ro suitahle for use in mines, torpedoes, nnd for blasting' 
~rpo~s, and in tills condition it could be stored wet 
le indeiioitc periods. Tills form of compressod guncotton 
-.ns rendered moro vllluablo still whcn it was discovered 
i!. 18G9 by Mr. E. 0, Drown, of tho Chemical Department, 
p.l'yal Arsenal, tha.t it could be fully detona.ted in its wet 
coodition and unconfined, by fulminate of mercury . 

l;uncotton cOlllpressed into s labs and discs is still the 
kern oi guncotton used for mines, for torpedoes, and in 
croncction with dcmolition work in the field. The 
l""'c~~e, by .... hich these slabs and discs arc produced will 
r>: dca.lt ,,;th later. 

Ti,c <"on u-nk proce~~ of mllnufncture, ns modificd nnd 
,,::~ron'd by :\1>,,1, i. uni,"cr~ally .' ml'loyerl at tht, pre'cut 
c .• ::, cxccpt as regards tho nctunl process of nitrntion. 
10c' modifica.tions thi s proccss has undergone will be 
uc-crii.>ed when dealing \\;th this particular operation . 

Before con.s idering the ndulll procc..~es of manufncture, 
,; L' desirnb le to snv a fe.w .... ords about the raw materia.ls. 
10,' ba.se of guncotton is ccl lu lo~e. The purer the ce llulose , 
I c. '." p'uer the guncotton and the bctter the yidd, other 
1::ng5 being equul. There is little doubt that tbo skeins 
e: Ion;; stapled yarn used by yon Lenk wero of g-r"nt 
r~rity, and were free from foreign substances generally . 
.\: th~ same time, the fnct that th" skein condition was 
mointained in t·he finished guncotton mllde it more difficult 
t" irce it from the ~ub.' iciiary producls of the nitr"tion 
n,,'-':ess. This was duo to the tubular Rtructure of the 
~0: lon cellulose rendering it impo~sible ' for the purification 
N"'-· C·S torcmove tho illlpurities enclosed in the long fibreR . 
Irncn the fibres nro cut into extremely short lengths in tbo 
p;:'ping procp..s , this difficulty i~ in n great measure over
ron:~. Cotton \\"",te in its r!l.\\" Rtnte from tbe mills is 
.• nnhing but pure; but n specinl industry sprang up for 
In'.' purpose of con ,-erting tbe ordinnry mill wasto into a 
rondi tion suitable for guncotton mnkin/!. Tho processes 
I: undergoes arc: de ·greasing by means of solvents, 
treatmenL ,,;th caustic soda , bleacbing. nnd washing. The 
1'::eeL of these trea.tments, if properly' carried out. is to 
produce a fairly pure resis tant ce llul ose, and they hnve 
no'" been perfccted to such an extent tbat there is no 
dlfriculty in obta.ining; cotton " '"ste containing on an 
HrrHge not more thnn o·~ to 0·3 per eeut. of mntter 
'01ub16 in etber, and hanng very lit.tle altered cellulose of 
Ihe nature of oxy· or hydro.cellulose. Attempts havo 
Ix-<-n made to. fmd ~ubstitutes for cotton waste equally 
'"Ito blc, /lnd, If po~sible, le'5 expensive. This is /I matter 
"'hieh has received somfl considerable "ttention at the 
I(o\'al Gunpowder Factory. During tbe last fe\\" years 
"HlOUS materials bave been investigated, and guncotton 
m .. l~ frolll tbem on a manufM:tnring scnle. The materials 
<0 fnr tested may be divided into three groups :-1 . 
OrdlDary cotton waste and weaving mill waste. 2. Short 
Gbre from the cot.ton seed. 3. Fibrous mnterials other 
Iltan cotton cellulose. As the Tesults of experimental 
work the admntnges and.disadvd.nlages of tbe tbrl'e groups 
may be summansed as follows :-

I. OrdinltTU coUOIt waste from different sources varies 
eonsidcrnbly'in character, and this is not without effect 
on the resultin/? I!unrotton . Ils chief di-advantage, 
ho\\"c,cr, IS thnt It g·,nernlly eontailUl comiderablo qunn
titles of 1I"0od Ilnd otber forcigp bodies. All thc.'e sub
stanccs nre po.<..ihle sources of regions of low stability in 
Ihe guncotton. On tbe othor hand it is plentiful, easily 
procured. nnd reason!l.bly cheap, "nd it call he relied upon 
to produce a s/lt.i~f"etory gunp.otton as reg<l-rds nitrogen
contcnt alld percentage of soluble in etber-alcohol. 

Irtavinq miU waste iR a material composed entirely of 
'<ovcn cotton fabric of various natures, pnrtly broken 
do"'Tl by mecbanieal means. It differs materially in 
character, and, a.. at pre.ent in the market, is liable to 
rontam , mixed together, both soft material and hard, 
,tifT, ."tarehy rag. . It may alRo be over-bleached, and 
contam an undue pToportion of altered cellulooe. 10 its 
l>esL form. it i, pure cotton eellulosl', remarkably free 
from foreign matter~, and makes excellent gunentton. 
It I', however, apparently not procurable at present, in its 
best form, in anything like sufficient quantity, and ita 

price would probnbly be considerably higher tban the 
normal price of ordinary cotton waste. 

2. The short r~TC fro1Tl. the collon ~ccd, sevl'ral Rample~ 
of which, from dtlTerpnt Fources, bave been experimented 
With, would no doubt make R good guncotton, if it could 
be obtamed freed from pnrticles of the seed husk. Unfor
tuna.tely It does not appear p~sible to remove the husk 
partICles entl~ely by mechanical ltJP.ans, and the fibre is 
therefore subjected to a very drnstic chemicnl treatment 
which, .wbilst it doe. not remove all the husk, prodl"ce; 
non·reslstllnt celluloso to. " considera.blo ext-cnt, nnd the 
final product, In consequence, j!in'5 a guncotton lew in 
nitrogen, and wtt·h a high percentage of soluhle in ether . 
alcohol. 

~. Certain fibrous materinla which, when submitted to 
the ch lorination method of Cross and Bevan for the 
estiruation of eellulosp.~ were found to give a high result, 
were selected for expenment. Amongi'l t.heFe "'cre Rnmie 
fibre, Martdcnia tenacl:ssimc, to be found in certain part.~ 
of India, nnd AsdC]J/.as umillL7UIia, which come~ from 
Uganda. ThesE' mate rials contain ligneous matter, 
wblcb, ID the c!\Se of H.a.mie, is present not as an incrus
tation, but forming a compound cellulose \\;th the more 
resiFtant material~ and difficult to remove completely 
on a. manufa.cturlng scale. Even when this ligDeou~ 
mlllenal has been got nd of to n considernble e"tcnt . the 
fibre requires a much longer Ilitration nnd boiling to 
produce" correct and ~tnble guucOttOD. Its price also i ~ 
vcry high . . J[arsd.c7lia /cnacissima, by n simple trealment, 
eastly earned out on the manufac turing Rcale, can b" 
made . mto a. f"lrI}, pure resistant cellulose, giving on 
nitratIOn a distinctly promising /!Unr.otton. At present. 
howe'Cer, It IS. 1I0t pro:urable in anything like suffic ien t 
quantity, /lnd Its pnce IS unknown. Asclepias scmil!lnaln 
can also. by a s imple process of purification, be reduced 
to a nry highly resistant normal cellulose. capablc, by 
slt::;htly nlt.,rmg·the nitration process. of being cOD"crted 
into a guncotton similar in its properties to that prepared 
from cotton cellulose .. So fM it ha5 not been possible to 

.0btaUl thiS mntenal m . quantity, and its prico is also 
unknown. 

So far, thereforE', the best mnterinl which hns come to 
light tor the manufact.uro of guncott.on is weavin/! mill 
waste , if the best form could bt' procured in RufIicient 
qUd.ntity, at a reasonable price. Failing wenving mill 
wa~ne, cotton waste as used since the eArly doys at gun· 
cotton manufnct·ure still remains the best commercial 
form of r"w material. 

The nitric and su lphuric acids uni .. ersally employed nre 
commercial products of a fairly high slandnrd of purity. 
It IS essentlnl that they should not conlain solid impuritie, 
wblch might adhere to the guncotton, and which would 
certainly interfere with the recovery of the wnste ncid. 
Of recent· years it h .... bCf'n possible to obtain )(ordhau5en 
sulphuric acid at a fairly reasonnble price. nnd its use hn~ 
enabled a largp.r proportion of wnste acid to be renvified 
than was possible when ordinary slllphuric acid onl" "'1\3 

available. It is a common prnctice now for explo.i,-es 
factOries to manufacture their o\\"n nitric acid, nncl to 
revivify "nd recover their waste acids. and most of them 
pos~ess installntions of considcrnble .ize for carry;ng out 
the..e proces~es, and for mixing the t.wo acid~ on " Inrg(\ 
scale. The~e mat·ters hardly como within the sropo of 
the pre~ent paper, however, even if time permitted . 
Defore tbe"e installations existed, it was tho prnctice to 
buy acids of a cerlain strengtb aud mix tbem in the pro· 
portion of 3 parts by weight of 6lllphuric acid to 1 part 
hy weigbt of nitric add; now, the more correct ~ystem 
i~ being adoptoo of mixing large quantities, annl}"ing the 
mixture, and adjusting the compo~ition of the mixed acid 
by the addition of nitric or sulphuric arid, so as to obtain 
the correct percentago compO>'ition. The ni trntint: acid 
IS, of COUl'l\e, mado up of a certain proportion of wa...te /lcid 
to which new nitric acid and new sulphuric acid lire added. 

The manufacture of guncotton compri.es thl! mechanical 
processes in connection with the preparation of the cotton 
wa.<te, the chemical proce"861! of nitration and purification, 
and the final mechanical operations of pulping and 
washing. 
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TEASINO. 
Cotton wa.qte a.s supplied to the factory contains a 

notablo percentage "f hygroscopic moisturc, also wood. ' pieces of iron, metal, string, ruhbcr. ete. Thcso impurities 
MO rcmoved as far a.s po"sible by hand picking, and tho 
<:otton is then po.ssed through what is known as tho 
telBins machine, which, by meaDS of a combination of 
roller", armed with iron teeth, separates the fibre of the 
<:otton and opens out knots and lumps. As the cottou lcave, tho machine, it is picked over again. It was 
formcrly the practice to cut tho tensed cotton in n descrip. 
tion of guillotino into 3 inch squares. This operation was 
one of tho fcature~ of the original Abcl process,but lt has 
been disused of late years at Walthalll Abbey, becalL,e it 
was found that thc cotton aloug the t'ut edges was felted 
together to s\lch an extent as to resist th e action of t·he 
llitrating acid. 

D RYIl'G. 

At Waltham Ahbey the cotton, as it leaves tho teasing 
machine, is delivered on to an endless band, which carries 
it tu the drying machine. The moisture is expelled from 
tho cotton by a blast of hot air, supplied by a fan through 
a steam hca·ter. Th e cotton waste passes. '-ery dowly 
Lhrough the machine, the operation lasting about three
quarters of an hour, and issues from it con taining about 
h alf a per cent. of moisture. It is immediately weighed out 
into charges and placed in sheet iron boxes or other suitable 
receptacles with lids, to cool . for which a period of about 
S or 9 hours is sufficient. During the cooling the cotton 
waste re-absorbs about half a per cent ot moisture. The 
objocL of removing the moisture from the cotton wa.ote 
is to prevent dilution of the nitratiD g acid. The 
above is a tY\lical method of drying, Lut it is obvio\ls that this ~imp e operation can be effected in othcr ways. 

~ITR.l.TlOS. 

In von Lcnk's syStem of manufacture th ~ operation of 
nitration was carrieo out in two stages. The first stag:e was 
tho di pping of t.be co tton in mixed acid contained in nitrating 
pans; and the second, the completion of the nitration 
by allowing tho partially nitrated cotton to remain in 
contact with a weaker acid, in earth ware pots , for a 
prolonged time. The loss of guncotton caused by occa
sional decompositions in the digesting pots and the labour 
entailed in handling them were undoubted disad..an tages , and led some manufacturers to revert to the even older 
method of completing the operntion in one stage. In this 
s.,·steIn, which has been called tbe direct dipping process, tbe size of the nitrating pans was reduced to enable them 
to be lifted on to tru:ks, wheeled to the acid centrifl.lgals 
nnd their contents tipped into them. 

From this process it was but a short step to a method 
which has been adopted to a large extent on the Continent, 
and known as tho uitrating centrifugal method of nitration. 
Instead of nitrating in pan~ and tipping into the centrifugal 
mach ine, tbe operations of nitration, digestion, and removal 
of the acid are all carried out in the centrifugl\l llll\cbinc 
itself. In this wa\' labour is economised :\Dd it is claimed 
t.hat fewer decompositions occur and tha t therefore a 
hic;her yield is obtained. 

It \~iJl be seen that the improvements in methods of 
nitration so far enumerated are of the natura of modifica
tionR of the original process such as ChR rac terise the 
gradual evolution of almost every manufacturing operation. 
Tho next notewort.hy improvement, howe,-er, marks an 
entirely new departure. The inventors of tho displace
ment. svstom 1)f nitration, Messrs. J. !It Tholllson and 
W. T. - Thomson, of the Royal Gunpowder Factory, 
Waltham Abbev, have discarded the older methods 
entirelY, and introduced a system founded on ne\\" 
principles. . 

Before describing the displacement method, it is neces
sary to give a somewhat detailed account of the various 
processes preceding it, referred to above. It is not, how

·ever, necessary to refer to details of the earlier nitration 
processes, and the method of nitration used b:-' von Lenk 
has been sufficiently described. The Abel nitration 
process, which follow"ed ver.v closely on the lines of von 
Lenk's proce,s, was the one universally employed from 
about the year 1865 until eomparnt.ively modern times, 

and as it is still in UM in many fnctories both in this CouDtrr 
and abroad, it will be described in detail as former ;; carried out at Wnltbam Abbey. . 

The nitrating acid was composed of three part. o! 
sulphuric acid of 96 per cent. mono-hydrate to one J'lr\ 
of nitric acid of 91 per cent. mono-hydratc, thorou~W \ 
mixed and cooled. This acid was run from the SlUr" 
tanks into cast iron dipping pans, holding about :!-2v 11 ,. 
each, tho pans being supported in Rn iron tank torou"h which cold water circulated, to keep the teml"'ratu.,. 
below 70° F . The dipping pans were r,ro\'ided a: tl.
back with gratings, on which to press out somc o! tl,' 
acid from the charge. The charge of cottOIl waste wti~L,, 1 
1 lb. 4 oz., nnn on removal from tho cooling box - ... . ,. 
passed from the back through an ear thenware POI" III 
the partitioll mnning alollg the back of lhe pan;, and 
raked by a dipper, as m ·pidly as possible, 1I1t0 th~ acid . 
After remaining in the ac id bath for about el~ht nllouk,. 
tbe cotton was remo.ed to the grating a nd u !,ortion o! t!or 
acid squeezed out by means of an iron Ic\·cr hanr.: "" iron plate attaclled to one end. After It char>!" had lK,·n 
removed from the di pping pan" bou t 13il b. oi the fill,,1 
acid was run into it to replace the amount ren ·.o\·ed WIt', 
thc charge. Tho charge, now weighing \\;th tho adi..trin;: 
acid about 15 lb., was placed in an enrthenwart I",t 
provided with a cover and transferred to the coolin ;:: oi t- . 
through which a stream of cold water flowed. and wbere it 
remained for 12 hours. During this period of digestion 
the conversion of the cotton into guncotton was com pirtt:J . 
Tho contents of tho pots wero now ompticd ill to ., centri. 
fugal wring ing machine, and th~ bulk of thc ,,·aste acid 
extracted. The guncotton wa s thon remond from tl,e 
centrifugal machme a nd placed in gah'anised iron pan' with long bandies. These pans, when filled, WNO cani,,1 
quickly across to the immersing tank and the guncotton 
thrown into It. large bulk of water, the workmen standin~ 
by the tank and pushing the guncotton nt once under tl ... 
waler with a stout wooden paddle. Tho immersin:c ba<1 
to be done as qUi"kl:-- as possi ble, as, if the guncotton \Hr; 
allowed to COllle I!radually in contact with water, it .... "' 
liable to fume off. The immcrsing tank WIl ' titted with 
a perforated copper plate, to allow tho water to ove rrlo ..... 
so that fresh water was constantly passing through the 
tank. The f!uncotton was kepL well stirred bl' means of 
a woodon paddlc. \Yhen 2 cwt. had been iDllllersed, the 
inflow of w:\ler was stopped nnd the tank dra ined down. \Vhen all the water had been run ofT the tan !; was filled 
up again with fresh water. This was repeated six time; 
or until the guncotton no longer tas ted acid. " ' hen :hi, 
stage had Ix>en reached tho guncotton was wrung in • 
eentrift .. gal machine, water from" hosopipo belllg turned 
on tho guncotton for one minute during tho wringing. anu 
it was then read v for boiling. 

This process,' although ·it undoubtedly produced a 
good guncotton, had ce rtain disadvantages. and the 
amount of labour required was very great . The plan t , 
although individual items were not expensivo, >ery rnnidlr 
detoriorated, a nd the cost of renew als and replacement< 
was heavy. Power was required to dri\"(' the ccn trifu ~.1 
machines, IInge quantities of water were u sed both ior 
cooling and iwmersing. and d ecomposition s, both in the 
pans, pots, and acid centrifugals, wero Ly no means 8n 
infrequent occurrence. 

DrnECT DLPPI~G. 

The first attempt attended with any success to o"er
come somo of tho disadvantnges of the Abel process 
was the introduction of what is J..-no\\'n as the direct 
dipping process. This system was used on a large SCAle 
at Noool's factory at Ardeer, in Scotland, and I am 
indebted to the kindness of Mr. Lundholm for a description 
of it, of which the following is an abstract:-

The in stallation consists of parallel dou ble rows of 10D ~ 
iron tanks knO\ffi as "coolers." Iron pots termed" oipp<:rs" 
in wwch nitration is carried out stand in the coolers, G::! to 
each cooler. Sliding wooden covers rest on the coolers to 
guide the fum es from the dippers into earthenware pipe~ 
with openings at intervals, tbrough \\'hieb they are 
drawn Ly exhaust fan s. The mixed ac id, either cooled 
or warmed as necessary, is carried Ly lead pipes placed 

: . 
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l>otTeiln ea.ch TO .... of coolers, and is supplied to the dippers 
thrro!!h Cl<rthen .... are cocks at intervA.ls. . 

1iit·;'atio1L.-Tho water in tho coolers is kept at 15" C. 
Tb~ dipper.! hA.ving been placed in position in the coolers, 
"ret'J.ch filled with I!!i lb. of mixed acid by measurement, 
frot: the acid taps, 4! lb. of cotton waste are 
st<l('7~'d in en.ch dipper. To minimi80 decompositions each 
cba~~ of cotton wnsto is added in about 10 instalments. 
Tb, · ... oodon covers are only r~moved to allow steeping 
to i., done, and are then at once replaced. The tempera
tu,...; of nitmtion are :-Initinl tempemture of mixed 
nci;_ 15' C. ; maximum after steepin!!, 25° C.; tempera
t~,.. :>.t end of nitration, 2\)' C. Tho dumtion of the 
nil'''lon .-"ries "!:comin!! to t.he output rcquirt'd from the 
pIaT.:. Onc, two, or throo sbifts may be worked per 
~~ tours. :lonn th" timo of nitration may therefore be 24, 
I~. c ~ !l hours respectively. 

Tee a ... emge composit.ion of the mixoo. acid for a 12 
hou;"; immersion is as follows :-Sulphuric acid, 750{) per 
ccn:..: nitric acid, 15·,5 per cent.; nitrous acid, 1·30 
per cent.; water, ,·ft5 per cent. For an ~isht hours 
imr::~rsion a hl!!her percentage of mtnc aCId and less 
wal~7 is used; lor a 24 hours immcr~ion less nitric and 
mo;'? v.ater. The average composition of the wastc acid 
for;; 12 hOl1TS immersion is :-Sulphuric acid, 77'S per 
C~D:.; nitric acid, 110{) p~r ccnt.; nitrous acid, 1·5 per 
cco:.; water, 9·, per cent: 

R!(Overi7U] the u:aste arid.-When the nitration is 
rom;,lcte, the" dippers," co,ered with light aluminium 
lid,. arc placed on b~ rrows, wheeled to t.he centrifugals, 
s;lu.'led at tho end of the" coolers." and t.he wholc contents 
tlild out into tho centrifugal. Four dippers are loaded 
inV) each centrifugal, ann the guncotton having been 
IlDii0rml." spread round the baskot, the centrifugal is 
Tl\D ior six minutes. to remo,e waste aCId. At the end 
of to"t time about I lb. of wasto acid is still adhering to 
each pound of guncotton . The centrifugnl cover, made of 
ligb, aluminium, is not fixed to the centrifugal in any way, 
' " toat as little resistanco as possible may be offered when 
there is a necomposition. This is the usual arrangement 
in tite case of acid centrifugals. The cone of the centrifugal 
rrojccts through a circular opening in tho centre of the 
lid ADd is covered bv a small loose aluminium oox. Small 
holes are cut in the sides of this box. nnd are of service 
in .... ming the workmen when there 'is a. decomposition, n. fumes are generally seen to issuc there £irst. 

Drowning the gunCOllon .-\Vben the . waste acid has 
I~n remo.-ed, the guncotton is quickly lifted out of the 
rentriiug~ls and thrown under the revolving paddles of the 
,lro=ing tanks, which imrpt'diately immerse it. The 
\l\eD ",ho do the discharging' are provided with rubber 
j:!10,-e5 and wear thick flannel hoods. which completely 
co,-er the head, arms, and breast. Tho hoods are fitted 
"ith strong glass windows, and nre connected by light 
ruhber tubing to a. supply of pure compressed air. 

PrClC)( .. ~hing . -A.fter a given quantity of guncotton 
has been drowned, the water in the tanks is run off and 
tho guncotton thrown on to draining tables forming 
part of the drowning tank It is then loaded into the 
rrcwashing centrifugals, the acid water wrung out, and 
wtlsbed for a few minutes with cold water from a hose, 
to remove adhering acid. No special precautions, however, 
arc taken to remo ... e all acid at this stage. The bulk 
of tho water having been removed, the guncotton is 
loaded from the centrifugals into bogies, and conveyed 
to the boiling house. 

Tho G~ dippers in each coolcr form a " charge." Eight 
ch3rgcs are worked by each shift. The yield is 159 per 

. rent. of dry guncotton on the dry carded cotton. The 
output per shift consisting of 17 men is, tllerefore:
~'iix 159xG2xS+lOO=3549 lb. 

NITRATING CENTRIFUGALS. 

Tho next attempt at simplifying the Abol process 
\fa. one in which the nitration was effectod in the acid 
centrifugal. A number of nitrating centrifugals have 
heen JUtented, particularly in Germany, but the best 
kno= patterns are those of Messrs. Selwig and Lange, 
of Brunswick. 

The latest pattern is known &8 the "Nitrating centri· 
fugal with e.cid cireulation." It consists of the usual 

4 U, 

outer casing with cover, and an under-driven rotating 
basket perforated with a number of holes. The machine 
is provided with a hinged co,er with communication to 
an exhaust fan, and there are pipes with cocks suitably 
arranged for running in the nitrating acid and drawing 
off the waste acid. The method of working is briefly as 
follows :-The basket is rotated slowly, . and the nitrating 
acid run into it and between it and the iron casing, up 
to a.bout the rim. The cotton waste is introduced in 
sma.ll qUAntities at a time, and this may be done whilst 
the nitrating acid is running in. During nitration tho 
basket is rotated at the rate of 20 to 30 ro,olutions A 
minute. Tht' effcct ' of this rotation is to cau~e tho 
nitrating acid to circulate continuously through tho 
cotton waste. On completion of tho nitration thc bulk 
of the waste acid is drawn off and tho ccntrifllgul .rt 
into rapid motion to got rid of as much morc of t.he wastc 
acid as possi ble. 

According to Selwig and Lange's circular their centri
fllgals arc now made in two sizes. The larger size ni tratl's 
22 to 2G~ lb. of cotton waste, the smallcr 14! to 17~ lb., 
respecti,ely. The yield is stated to be lGO per cent. 
Thc time of a complete nitrating operation is an hour. 

Messrs. Curtis's and Harvev have an insta.llation of 
these centrifugals at their Dartford Works; they arc 
of the earlier or "without n.cid circulation" type, nnd. 
of the smaller size. lIlr. t.racDonald has kindly supplied 
me with some details in connection with their working. 

The chnrge is 17! lb. of cotton waste, the proportion 
of nitrating acid to cotton w",ste is 50 to 1, and its average 
percentago composition: nitric ",cid. 23·15; sulphuric 
acid, G9·35 ; water, 7·5. Tho nitrating operation for 
the pronuction of cordite guncotton, from the running 
in of the nitrating acid to the removal of the guncotton, 
takes about an hour. The initial temperature is 15° C., 
the £innl 23' C. After extraction of the waste ncid, 
the guncotton retains approximately its own "eight 
of waste acid containing a fnirly high perccntage of nitric 
acid, which is lost in the immersing. Annlyses of the 
waste acid made at Dartford, show the following menn 
alteration in the composition of the nit.rating acid, viz., 
a loss of 1·70 in nitric acid, and gain of 0·91 in sulphuric, 
and 0·76 in ,,·ater. 

DIsrLACE;lIEKT PROCESS. 

Guncotton has becn made at Waltham Abboy by the 
displacement proccss since August, 1905. The installa· 
tion consists of a number of units of 4 pans workcd together. 
The pans aro of earthenware and circular, 3 ft.. 6 in. in 
dinmeter, and 10 in. deep at the side of the pan; tho 
bottom has a fall of 2 in. to tho outlet, which is three
quarters of an inch in di.l.meter; t.hey are supported on 
earthenware pede~tals about 1 ft·. 10 in. above the floor 
level. Thc 4 pans arc connected together by lead pipes, 
and these are again connected to the nitmting acid supply 
p i pe, to the strong and weak waste acid pipes, and to 0. wasto 
water pipe, through a gauge· box, where tho rate of flow 
is determined whilst the waste acids are being nlll of I. 
Granties of the acids are also taken in this box. The 
process proceeds as follows:-

A small perforated plate is placed. over the outlet of 
each pan, and four perforated segment plntes making 1I. 

complete disc about oue inch Icss than tho inside diameter 
of thc pan. are placed on the bottom. Aluminium fumo 
hoods, which are connected to an exhaust fan, having 
been placed on the four pans, the stonewnre cock on 
the acid supply pipe is opened, and the acid allowed to 
rise in the pans to the proper level. The nitrating acid 
is cooled in summer and warmed in "inter, so as to 
maintain the same temperature of final nitration all tho 
year round. The composition of the nitrating acid ill 
701 per cent. sulphuric acid, 21 per cent. nitric acid, 
0·6 per cent. nitrous acid, and 7·9 per cont ..... ater; the 
quantity in each pan above the bottom plates is GOD lb., 
and below the pl",te. is an additional :.0 lb. A chargo 
of 20 lb. of cotton waste is then immersed in the acid, 
handful by handful, aluminium dipping.forks being used 
for the purpose. When all the cotton ,,'aste has been 
pushed under the surfa.oo of the acid, perforated plates 
in segments are placed on .the top of it, care being taken 
that all cotton waste is below tho surface of the &cid, 
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and a. rum of water a.t a temperature from ' ~ to 8" C. I The following table gives the principa.l figures in con, 
is run very gradually on the surface of the plates through nection with the four nitration processes described:- . 

AcIch. i 

YIeld i Output Acid 

l'roeeM, Nature at dipptng 
vessel 

Analy.i.. Per cent. I 'Cotton! 

I Sulphuric :s'itric XitroUl lb. . , lb . 
i W&!te I 

I I I· Quantitv. : uaed. 

'acid. acid. I ncld. iWater., I 

uaed per 
lb. at 

cotton 
W""te. 

lb. 

Time 
a! 

nitra· 
tion. 
Hrs. 

on per 
dn" man 

cotton' per 
waste.' week. 

~~ ~ Ju. 

ABBL • .. ... .. .... ; C".t iron pan and 
; es.rtbenware pot 

.ARDEI:P. : 

I . . 

_ 18·00 11·0 I!! 163·75 (58 

Direct dipping 
D.UlTYORD: 
~itrnting centrl· 

74·00 

75·00 15·75 

0·60 

1-30 I 
13·75 

: C",t·lron pot .... . 127 

7'40 

7'95 

1: 
4! 28·2 12 

i 
159'00: Ill!! 

I I i 
i Centrilugn.! machine 1

1
. 60 ·35 23·15 7·50 1800-1100 ' 16-!!(1 . 50·0 160·00 lu~nl ........ . 

W ALTIIHI ABBEY: 
Di3pln.cement ... I Earthenware pan .. 70·50 21 ·00 0·60 7·90 650 : 20 I 
------------~----------~~--------------~--~------~-----.------------

1iO 17,2 32·5 

a distributor. The film of water prevents the escape 
of acid fumes and the fume hoods are thon removed. 
The time required for dipping a charge is a quarter of an 
hour. 

The nitration is allow€'d to proceed for 21 hours. At 
the e::rpiration of this period the cock leading to the 
gauge.bol:: is opened, Illld the waste acid allowed to run 
off at the rate of about 17 lb. a mmute. Water, cooled, 
if necessary, is run on the top of the perforated plates, 
through the distributor, at an equivalent rate. The 
lllajor portion, amounting to about 80 per cent. of the 
total n'nste acid, i3 retu m <Xi to the acid store tanks to be 
re'l'ivified nith ~ordhausen sulphuric and new nitric 
acids. The composition of this waste, acid is 72·70 per 
cent. sulphuric acid, 17 ·30 per cent. nitric acid, 0 ·65 per 
cen t. ni trous n.cid, nnd 9·35 per cent. water. The 
rema ining ~O per ccnt. of the waste acid is sent to the acid 
concentmtion facton' for denit.ration and concentration. 
The quantity of aeid thus dealt with amounts to about 
4 lb. for e\'Cry pound of guncotton. Its composition 
is 01·0 per cent. sulphuric acid, 17·35 per cent. nitric acid, 
0·55 per cent. nit·rous Mid, and 21'10 per wnt-. wn.ter. 
.A smll.ll proportion of the water which follows the 
recoverable waste acid is slightly acid to the e"tent of 
Q·llb. for every pound of guncotton made. This is the total 
quantity of acid tbat is lost during the process. In the 
diroct dipping and nitrnting centrifugal processcs the 
quantity of waste acid left in the guncotton is at least 
equal to the weight of the guncotton. . 

The whole of the acid is displaced in three hours. and 
the wat~r, which should fill the pnn, is run through the 
guncotton, the guncotton drained down and sent over 
to be boiled. These operations occupy about an hour. 

The following are the principal advantages whirh the 
displacement process possesses over the Ahel process, and 
over tho direct dipping and nitrating centrifugal processe3 
where they are similn.r to the Abel process. 

1. The displacement process tnkes the place of the 
processes of dipping, squeezing out excess acid, digesting 
in pots, acid centriIugaling, immersing, and water centri · 
fugaling. . 

2. The actual dipping of the cotton waste is a very much 
lcss laborious operation-the heavy labour of squeezin~ 
out the excess acid is done away ,,~th, the absenct'l of fume; 
makes thc work much healthier, and injuries to workmen 
from acid splashes are n.lmost unknown. 

3. ~ss of guncotton due to decomposition in the 
digesting pots and acid centriIugals, and c.onsequent. incon· 
venicn ce and danger to workmcn from nitrous fume" 
are done awny with, and the he:wy loss from breakages 
of pot.s and lids is sn.ved. Three and a half yenrs' experi . 
ence has proved that the eart henware p::u:s -8.re verv 
lasting. . 

4. F umes during dipping, load ing, and unload ing acid 
centrifugal~ and immersing, are nvoided. 

5. The quantity of acid lost is VIII)' much reduced . 
This reduction means also very much less pollution of 
the escaping washing water. 

O. The recovered waste acid is very much cleaner, a 
matter of tht> ~cn.tost importance from the point of Tiew 
of revivification and concentration. 

7. Tbe mechanical lo~s of guncotton in the acid and 
water centrifugaling processes, and in the immersing 
proce'ls, is ~a ved. 

8. A mOl'e thorough preliminary washing of the gun. 
cotton is obtained with an expenditure of about one·fifth 

WALTHAM ABBEY GUNCOTTON DISPLACEMENT Pl,.ANT 
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A._Earthenware nltraUng pana. 
B.-Add inlet coc~. 
C _Perforated e&rthenware plate.; 
ri._ Alumlnlum fume hooda. 

. E.-Fume jllpe. 
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F.-Perlorated earthenware plate. OD top or guncotton. 
G.-Water dJ.tributor. 
H.-Outlet cock. 
J.-W ... te &cid pipes 
K.-W ... te water pipe. 
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I , of the quantity of the water, and less boiling, with conse
quent consumption of steam, is required in order to 
reach" given l'tandnrd of purity. 

9. Great sa.nng in power is gl\ined by the abolition of 
the acid and water centrifugal" and in tho reduction in the 
quantity of w"Ler which has to be pumped. 

la. Rene~al8 of plant, and repairs to pla.nt and buildings 
lire exceedingly low. . 

11. The number of hands employed for a.ny given ontput 
is much less-the. total cost of Ia.bour being reduced by 
two· thirds. . 

1!!- The yield is improved; it averages 170 per cent: 
13. Finally, a more sLablo guncotton, of more uniform 

composition, i~ produced. It'i5 alBo far cleaner, and 
contains notably less mineral matter. 

STAnILISATIO~. 

Roiling.-Orig:inally stabilisation was efTected by 
prolonged washing in cold runniug water followed hy a 
vcry short treAt.ment wit·h a boiling alkaline solution. 
Boiling, as now understood, did not form part of the 
process of guncotton manufacture when manufacture wa.s 
.t.~rted at Walthn.m Abbey early ·in 1872. About the 
middlc of J8n. however, boiling vats · were put up II.t 
\\"altham Abbey, but no records exist, unfortunately, 
• hout the details of the early boiling processes. In the 
official ". Notes on Gunpowder and Guncotton," published 
by the War . Office in 1878, it is stated that guncotton 
manufactured at Wa.ltham Abbey underwent two boilin~ 
hy stl'am in wooden vats for 8 hours e:l.ch, the water being 
cxtract<-u after each boiling by wringing for 3 minute.. in 
clean -,;ater centrifugal machinl's. The Mme boiling 
process was in use in 188S, according to a later I'di tion of 
the same book. Five years la.ter ea.ch bQiling was 
trtended to 12 hours. and tho boiling la.sted for li dnY4 
and nights-that is, the guncotton received 10 boilings 
of 12 hours each. In April, 1894, this system of boiling 
.... as repla.ced by a system cha.ra.cterised by short boilings 
at the commencement of the proces." the time of ~uccessive 
hoilings being gradua.lly increased. The scheme of boiling 
.... "s M'follows :-

. -

II 
No. of I Duration No. 01 Duration 
boiling. in houn. boiling. In hour.. 
---

I % 1 6 
~ 2 8 6 
3 , Q 9 • 4 10 9 
5 . 6 11 12 
6 6 1: 12 

~is 8~stem of. boiling was continuoo. with but slight 
nlo<IIfiCAtlOn., untIl August, 1905. On the introdu('tion of 
the displll.cement dipping process it was found, as nlready 
stilted,. ~hat gunro:-ton ma.de in ~his way' was brou~ht to 

. n condItIOn of stahllIty by the bOllmg pro('e~s then in use, 
nnd ju~t referred to, at an earlier stage than guncotton 
made by the Abel process. A probahle expla.nation of 
this f~ct .is t:hat during the displacement proce.o.s a. 2:one 
of RCld liqUId a.t a. compamtivoly high tempe.ra.ture
wmewhere a.bout 40° C.-pMSOS through the whole of the 
guncotton in tho dipping pan. The n.ction of this hot 
nci~ liquid may. be t{) oxidise certain organic impuritil'S 
which are certnlDly present, and to causo the breaking. 
down of unst-nble. nitrogen compounds into soluble or non. 
re:~ctive bodies. Systematio experiments were therefore 
earned out, in 1905, to det.erminl' the most suitable a.nd 
~ost economical method of purification by boiling, for' 
dIsplacement process guncotton. In the prin('ipal experi
ments two type!' of boiling were employod-one in whicb 
long boilings we-re used at fin<t, followed by short boilings . 
the other in which short hoilings were uaed. at first followod 
hy Ion:; boilings. Tho following deductions .w;re ma.de 
from the t"e.'lults obtained in these experimonts :_ 

1. Purification of guncotton obtained by means of long 
boilings at the beginning followoo by shorter boilings 
la.~r, is superior to tha.t obtained when the reverse con. 
dition holds. This is Bubstantiated by the following oon
lideration.s :- Examina.tion of the waters showed that · 

neutrality is obtained earlier; tha.t l6!lS decOmPosition 
t·he guncotton takes place; that the stability, as shown by 
the va.rious stabili~y tests, is greater; and that a .table 
condition is attained earlier. 
. 2. A displa.cement wa.shing after a. long acid boiling at 

an ea.rly stage is a beneficiAl treatment. This treatment 
is probably re.'lponaible for the early a.ttainment of neu. 
trality. . 

. The syatem of boiling determined on as a result of these 
experiments was as folloW!! :-

~ No. 01 Duration 1'0. 01 Duratiou 
boiling. In hour&. bo~ In hoo.ra. 

1 12 6 4 
2 12 1 4 
3 4 8 2 • • Q 2 
6 , 10 2 

with a cold. wa.ter d.i~placement wash Rfter the first two 
boilings. A fulll\ccount of theso investiga.tions was givon 
in a paper on the pnrifiCRtion and 8ill.bilisation of gun · 
cotton, read bv Dr. Rohertson before this Section on 
June 16th, 1906. This system of boiling is sLill in use 
a.t the Roya.l Gunpowder Fa..ctory . 

The quo.tion of how the purificlI.tion of guncotton can 
best be effected cannot, however, be considered M ect.tled . 
nor ca.n tl>e system which hI\! just ceen nl'scribecl. nlthoug-h 
it undoubtedly gives a.n excellent guncotton at the Royal 
Gunpowder Fa.ctory, be Rpplied to gunootton mndc by 
other proces,es, at other factories, without full inve5ti · 
gations as to it.. suitability. Another ma.tter which mmt 
be taken into Rccount in connection with the purification 
of gllncothm by boiling, is the nature of the water a.'mil . 
able. The wa.Ler at Waltham Abbey is very hard, and it.. 
a!kA.linity ma.y be I\n important fR<,tor in the AUCCess of the 
boiling treatment in use there. This question is ~rhars 
connected with another ono, a.nd that is, that the boiling 
of p:uncotton can be CRrriOO too far. The effect of boiling, 
whilst it no doubt breaks down impuritil'~, also, no doubt . 
breaks down th(\ stable e.,ter itself. It is well known that 
if guncotton is boiled for a. sufficiently prolonged period . 
the percentage of soluble matter will rise a.nd the nitrogen. 
content will fnll. The brt'.aking.down of the ester will be 
accompanied by the forma.tion of &cid bodies, and th e 
presenoo of alkali in the wa.ter will neutralise them a.nd 
prevent them from reacting on . the glln<'-Otton. 

I ha.ve been obliged, owing to · want of time, to trcat 
this question of purifica.t.ion very briefly. but it is un· 
doubtedly the mo~t important one in connection with the 
manufa.cture of guncotton. One or two ma.tters have 
been touched upon, in connection with which further work 
is necessa.ry, but there a.re ma.ny others which will cepa.y 
very ca.reful investigation n.nd research. 

PULPINO . 

On completion of the boiling process the guncotton is 
tra.nsferred to a. bea.ting engine somewhat simi:ar to that 
employed for pulping the raw material used in the manu· 
facture of paper. It consists essentiRlly of a. large iron 
roller armed with steel knive.~, a.nd Do bed. plate also pro· 
vided with knives. Thl' roller revolves, and as tho gun · 
cotton passes between the two set., of knives, it is reduced 
to pulp of a.ny de.'lired finenes.~. As the pulping process 
Pr<X'.eeds, the roller is gradua.lIy lowered nea.rer to tht· 
bed-plate. 

Since the introdnction of a. thorough system of purifica. 
tion by boiling, Abel's origina.l idea that the pulping and 
wa.shing the guncotton received in the pulping process 
ha.d a. very material ·effect on its pnrification, no longer 
holds good to the sa.me extent. At the II&me time there is 
no doubt that the . very 'long staple guncotton before 
pulping retains in ita tubes unstable bodies which no 
rea.sonablc amount of boiling will remove. The effect of 
pulping is to ma~rially reduce t.hii·le·ngth·· of the fibres 
a.nd, at the same time. to produce !to certain AIZlOunt of 
cruahing in them. ThiR Rllows of impurities of a.n aoid 
character in the tuoo. being removed, either meohanically 
or by diffusion. . 

t·.·. 



IS( 

t-, : i . . 

NATHAN-GUNCOTrON AND . ITS . MANUFACTURE. 

.. . . . :, 

. ) 

... ~ . . .. , I .~ 
. >:tit. 

;t' .. 
-- -~: .' 

; I ; 

..... 
\ t 

: i 
\ ., 

1· /::; 

'.+' ". 
: .. .. 

[F'eb. !7. 1009. 

r.! 
'" ;:>. 
0 
~ . 

0 .'" 
~ 
0 
~ 

:z. 
0 

. £-0 
t-
o 
() 
:z; 
b 

C;; 

I 
I 
"I 

I 
I 

I 
i 
i 
I 
i 
I 

I 
l 
b 



• 

... .1 

I 

; 

I , 
I 
\. I, .\ 
, 
; , 
I 

I 

I 

Vol. XXVlIl. No. 4.) NATHAK-GUNCOTTON AND ITS MANUFACTURE. lSU 

REMOVAl OF FOREIGN BODIEs. 

_-\fter pulpin!;, it is now customary to treat the guncotton 
i:. Bome mechnnieal way, in order to remove from it 
rllrticlo.~ of mctnl, gtit, and foreign bodies of n similar 
c'-'-1.racter. At the Royal Gunpowder Factory this is 

. ~::ccted by running t.he guncotton pulp, suspcnded in a. 
l.~~~ "olume of wn.ter, through grit trnps, pla.red at 
i:.:ervals in n long shallOl\" trough, the bottom of which .is 
('<'vered with bln.nket. The foreign bodies, being a.lmost 
~tirelf heavier than the gtmcotton pulp, are retained in 
1·:.e gnt traps, and t.he fine sand, nlso present in some 
c::nntity, is caught hy the woolly hlankct. An electro
r. . .lgnr.t in the In.t grit trap remove.' nny magnetic partides 
" ... <slng the ordinary !;Iit traps . . It is surprising what a 
1"7!,e quantity of foreign bodies nre removed by these 
a~.ngemellts. In addition to grit traps and troughs, 
!'erne fnctori!'.5 use whnt is known n.s a knotter, the function 
c· ' which is to remove small knots and any large piece<! of 
gcncotton .which may have escaped complete pulping. 

POAClfrirG . 

\\"ashing the guncotton during the pulping is effect.ed 
ic. some factories by the use of drum washers fixed to the 
1"".ting cngine; in other factories nnd at the Royal Gun
J00""der Factory this washing is done in separate vessels, 
lt7med "poachers." The poachers in use at \Valtham 
Aobey hold about 10 cwt. of guncotton and 1100 gallons 
0: water, and arc fitted with power.drivcn paddles for 
a;itation purposes. The guncotton receives at lca.st three 
",s.shings; it is allowed to !ettle down after each washing, 
and the washing wnter is removed by a skimmer. The 
"'&Shing wat.cr contains in sllspension foreign hodies of' a 
I(>w~r specific gravit.y thnn guncotton, and in the ca~e of 
the earlier washing waters, there is always present a Bcum 
cootnil1ing nitco· bodies of low stability. 

BLDiDING. 

.-\ fnrther purposo served by poaching is the thorough 
hlendong of a numher of different batches. This is a final 
hlending, but at the Roy"l Gunpowdr.r Factory there 
exists a rr.gular systcm of blcnding right through the 
whole of the manufacturing proce~scs. This system is 
briefly M follows :-The cotton wast-e reached the factory 
in consignments from different contractors. The waste is 
drawn from store in proportion to the qUl\ntities on the 
rootract~, and is mixed nnd po.ssed through the teasinn' 
macnine in t.hese proportions. 0 

The next process wh!'.re blending is possible is in charging 
the boiling '\"I\ts. Two vats are filled simultaneously 
from n number of sets of p"n~-two pans of ea.ch set of 
four going into onc vnt; the other two of the set into the 
other Vl\t. On completion of the boiling, four vats are 
cmpticd simult:meously into 32 beaters. This ensnres 
the guncotton from the four' vats being blended 
together in the beating process. 

On completion of the pulping the beaters are run 
alternately into the poachers in such a manner tha.t the 
contents of the 32 beaIR-rs nre blended into eight poachers. 
The guncotton in the eight poachers is therefore uniform 
throughout. 

The syst-em produces guncotton of very uniform 
nitrogen·content. Tn the 1007-8, 291 tests, representing 
t;()() tons of ' guncotton, gl\ve the following nitrogen 
result :- ,. 

lIaximum. 

~r cent. 
la·os 

Minimum. 

per ""nt. n·ga 

],fOULDINO. · 

Menu. 

per cent. 
13'0195 

For r.onvenience in drying thl' pulped guncotton it . is 
moulded by light hydraulic pressuro· into cylinders which 
lIlell.8uro I\hout o~ inches in hei~ht. ann 3 inches in diameter. 
This i~ efi'r.cted by running the guncotton pulp into a 
moulding machine provided v.ith a numher of holes into 
each of which fi~ a hollow plunger. These plungers are 
connected with a vacuum engine, and a good deal of the 
water is sucked out of the pulp by their· meaIlll. . The 

mould block containing tho guncotton is transferred to an 
hydra.ulic press, and pressure is applied, which ha.s the 
~fiect of rc":l~ving more ~ater a.nd. of Bqueezing the pulp 
mto a. condition of 6ufficlent consIstency to a.1l0'l1' of its 
being handled with care. In this lightly compres.qed form 
a. very much larger quantity of guneotton ('.an be denlt 
~~h . in '!-. dt:(ing ()h4mb~~ of any given dimorulionN t.h&n 
If It IS dned 10 th~ condition . of ordinary pulp, and in it.<; 
compressed form It possesses the further advantage of 
~ing able to ~ dried on. fixcd racks. This does a.way. 
~th the necessIty a~d nsk of moving drying traYll or 
SimIlar arranl!ements 10 a stove. It is also obvious that 
much les~ dust is produced. 

PRESSING. 

If intended for use in torpedoes, mines, or other dcmo
lition w<;>rk, the guncotton is moulded into suita.ble shapes, 
as dcscnhed above, a.nd the moulds are then subjected to 

. powerful hydmulio pressure, amounting to about G tons 
on the lOch, to produce the finished slabs or primers. 

Co~CLUSION. 
I have endeavoured, .,.ery imperfectly I a.m afmid, to 

give in a comparatively brief timc some account of the 
history of the manufacturing processes involved in the 
production of . guncotton. Other nitrocelluloses, for the 
man~fa.cture of which some of thc proces."6s aro Rlightly 
modified, ha.vo not been touched upon. The lIuhject is :I

... ery wide one, and if it were nttempted to go into detnils , 
each process would require more time de,"oted.. to it than 
has been given to the whole mnnufncture. 

This papcr has consisted almost entirely of manufac
turing details; yery little attempt has been made to deal 
with .the chemical questions involved, and nothing at all 
has been said about the chemistry of the nitration of 
cellulose nor of the chemistry of the nitrocellulose molecule. 
The published information on both these subjects is very 
considerable, and i£ constantly increasing. I had originnlly 
intended to attempt a hrief summary of t.he more impor. 
tant papers, but I had to nhandon it as quite impracticnblc. 
\\"hat must, howeyer, strike any m:o.muacturer of nitro
ccllulose when he consults the literature of t·he subject, 
i~ that the great bulk of it., although of intense interest, 
is cither too theoretical for 'practical applicat.ion. or else 
that the data., heing for the most part the result of labora· 
tory experiments, nre not a.lwn.ys a suro guide as to what 
will happen on a ma.nufacturing 801\.1c. Our experience 
at the Royn.l Gunpowder Factory i~, and it is also no doubt 
the experience of other manufacturers, that all experi
mental work should be based on sound ehemicn.l principles, 
but to he of practical use it m\L~t be conducted on t\ manu
facturing scale wherevcr poMible, and that labomtory 
work comes in when it is required to &8certa.io the nature 
of thl' results obtained. I venture to think that t·his i3 
true in the case of severnl chemiea-I manufactures, "nd it 
is most undoubtedly true in the manufacture of guncotton. · 
and I therefore ofip.r the suggestion to any of those 
chemists who wish to further improvements in the pro· 
duction of guncotton, to tako the manufacturer into their 
confidence, work with him, and to get h im to work "i.th 
them. 

D ISCUSSIO~. 

The CHAmllAl' a.sked whether there was any difference 
in the behaviour of cotton . fibres of different origin, such 
a.s Bombay, Egyptian, and SeA Island fibres; of 
course, they might all be too expensive. There: 
were Borne other fibrOll. which mi!!ht perhaps be used. 
~uch as the A&pok fibre and t·he fibre of CocJoJ.o8peno'um 
Gouypium, which the "Indian :'Uuseum" in Calcutt/\. 
was examining at prOlleDt. . Those who had been allowed 
to see Waltham Abbey in 1900 would realise the vast 
advances that had been made since thcn, judging from 
the pictures thrown on the screen. He could not fully 
a.gr6() with what had been said about the functions of n 
works laboratory. In the prOlleDC6 of BO mlUlY military 
meD, it was rather obvious to draw the parallel betwoen 
Rt.rategy and tacties in military m&tters and in a chemical 
works. The laboratory could be likened to the General 
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&nlawavthochoTlUllt who had made the experiments oil a 

malhcale, had his wor~ cut out for hiin when endeavour
ng-tO carry thclI\ o~t 111 t-he factory on a' larger lIcaie. 

'\0 Cloubt the cbemlSt would meet _then with many 

occuiin,dy insupcmble difficulties; - but having ~n_ceg.ot 

.bo· m.ult in the laboratory, he knew he hAd only dfltaila 

:0 deal with. however long and patient the work inTolved 

:n overcoming tbem mi~ht be. At the same time the 

:/lboratory must supervise the large scale operations' 

;rom tho beginning, and in all its stages, and not simply 

~omo in at the end. Sir Frcdcric Nathan was in the 

enviable 'position of being able to show what he was 

doing, "'hiL~~ manufa('.turers as a rule h.ad ~ be m~re 

rctieent; tillS paper, thcrefore, was especially lIlstruetive. 

to the younger members of the Society, who learnt the 

supreme importan:ee of details, and what amount of 

foresight wn.- required to carry on a manufacture succeM

fully. The thanks of the members were also due t-O the 

Government, who permitted the publication of all the 

details. 

?>I.r. JOHN SPILLER said he had listened with great 

plClUUTe to this history of things Il.S t.hey were, in bygone 

years, when he was one of Sir F_ Abel's assistants; and 

also to the interesting Illl.rrll.tive of successive improve

ments introduced into the manwll.cture. He noticed 

particularly the considcrable saving of labour, the larger 

production, and especially the greater purity of the 

finished product. It must afford every chemist the 

grentest satisfaction to find that ruattern were brought 

up apparently to the ultimate stage of perfection. He 

was in Abel's lahoratory in the early dnys of gun

cotton, e,'en before it was manufactured a.t Waltham 

Abbey or only made on quite a small scale; and he was 

there later whcn the disastrous Stowmarket explosion 

occurred. A year or two afterwards he was Mr. E. O. 

Brown's colleague whcn he cleared up the mystery, and 

gave the first indication of the true cause of that disaster, 

which he did by proving that even moist guncotton could 

be fired by detonation. There were many narrow escapes 

in those early days. Brown himself only escaped with 

his life on one occasion bv a few minut(:S, when he came 

awa.y from inspecting the magazine at Plumstea.d Ma.rshes, 

and told them he had hardly time to lock up the place 

and run away. He was intending to report to Prof. 

Abcl, but had 1:0 time to do so, because the whole thing 

exploded, in consequence, I\.S it was proved, of the 

escape of red fumes due to decomposition. He assisted 

in the working out of the boiling process and some of 

the other opera.tions which hud heen referred to. He 

lost thc hair off ono side of his face through a pr~mature 

c:xplosion in testing guncotton by heating it in a flusk 

50 as to determine the tcmpera.ture at which the red 

fumes made their appearance. At the time they did not 

know e"erything nbout guncotton, and it was probably 

not so well purificd as no\\". At any rate two meD, 

a corporal An,l a foreman of the RO"nl Lo.bora.tory, were 

kill~ on 24th )lay, 18;5, hy an expiosion which occurred 

dunng the compr('ssion of the blocks. 

Colonel Sir lIILARO BARLOW said he WILS probably the 

largest URer of guncotton in Enp.land, as t.he.v filled at 

tho Royal Laboratory all tho mine. and torpcdoo •• 

'Yet guncotton wa.s 1\ very innocent thing if it- wero pure, 

and thcro wa.q not much to be apprehcnded from handling 

it, but the great difficulty was to arrange to keep it 

wet. Owing to the circular section of torpedoes it was 

-·uecessa.ry to shape tho oblong slabs of guncotton u.,ed 

,. for filling in order to fit them in, and the sla.bs had to be 

cut up with band saws, and of course there was a f!T"eat 

deal of fluff or moist dust produced, and it was not an easy 

mll.tter to keep the floors on to which this d uat fell fcom 

getting dry. They endeavoured to keep them constantlv 

moist, but everybody knew what workmen wcre, and how 

difficult it was to make them look after themselves. 

Amongst other things they tried a floor 610ping from 

the centre to the sides l\-ith a perforatOO water pipe runing 

down the middle, so as to get the flow in each direction, 

but it did not answer, because sucb an enormow flow 

of water from one pipe ' was necessary to keep a large 

(Feb. 27, lDOV. 

. b~ldinp' wet all over, while a multiplication of 'Pipes made 

-m&ny undesirable eXCTeRCences on the floor. IDtimately 

. they had t.o revert to tbe humble waterinr can, which 

was very excellent if the men would use it. With regard 

to filling min~ and torpedoes, t·here wa~ always a hanker

ing after using enormous blocks of guncotton, which looked 

at first· sight an admirable s:ystem, but it was not as good 

as it looked. He made no criticism on the method. 

employed by one ~ompa_ny he knew of who made t~e 

most admirable Bohd guncotton he had ever Reen, BO sohd 

that a block of it ovcr 400 lbs. in wci~ht had to he put 

on the floor and cut with a cro~s·cut saw like a. tree, in 

order to get block~ of it cut up for certain testa of the 

distribution of moisture. It was in connection 'with the 

distribution of moisture in wet guncotton that these 

large blocks were so inconvenient. With explosives 

nothing could be taken for granted; you had t-O find 

wh.ll.t the moisture really was, and therefore if a lar~c 

block wcre being tested a.q 1\ complcte charge a piecc 

had to be taken froD! the inside as onp. would from acheesc, 

and they had to invent a tool for taking these u-sts. It 

was a difficult problem, because ODe could not allow 

the water to nm on the tool, as it would at once destroy -

the moisture test; therefore they ha.d to have a tool 

with a water casing round it, and to bore in to a depth of 

Romething like 14 inches to take out the sam!lle column 

and test the moisture therein. Further as 'to repairs. 

When the torpedoes were filled with a few large specially 

shaped blocks, the blockR retained as spare for the carrying 

out of repairs were only of use for the one purpose, where.'\s 

if the charges were built up of slab~ like brickR of about, 

2lbs. weight each, and such "labs were used for all pUTpose~ . 

the keeping of spare slabs for repair' purposes was a 

simple matter. At the same time, better density WA , 

obviously obtained by filling with a few blocks rath('r 

than with a lot of small bricks. 

Mr. -n'ALTER F. REID said the author rathe~excused 
himself for not referring to the chemistry of the nitration 

of cellulose, but in his opinion those with most experienc<' 

of the subject attached least importance to the many 

different views put forwa.rd on nitration. snd the products 

derived from the operation. lIe thought also there was 

somc little misunderstanding with regard to his con· 

cluding remarks about the position of thtl chemist. There 

was really very little difference between the analytical 

operations in the la.boratory and the operations carried 

out in Ruch a factory. The author had very fully utilised· 

the services of the chemists a.t his disposal, being himself 

an excellent chemist, and when he listened to the method 

by which these Il.cids were first mixoo in bulk, then analysed. 

and thcn again brought up to the right strength, it occurred 

to him that many who for years had simply been mixinl! 

their acid by volume according to analysis hsd not suffi

ciently utilised the services of the chemist. 'Research 

work, on which the importance of all factory operations 

so intimately depended, ha.d not been omitted; as was 

clear not only from the ela.boration of this method of 

nit rating cotton, but also from the method of mnking 

nitroglycerin, which was described in a recent paper. 

The mechanical prcparation of cotton still appeared to 

him to be somewhat crudc. He would not say that 

this was not the best method at present ou a large scale: 

but there "till seemed something wanting in the wa.y of 

a fme subdivision of the material both Uefore and afU'r 

it came in contact with the aciu. He thought there wo.' 

an opening also for an improvement .of the proccss ' of 

weighing. The English climate was not always dr~'; 

there were times, Il.S had rccClltly happened, when the 

atmosphere was fully saturated with moisturc, and unless 

"pccial precautions were taken in exposing this finely 

divided, very dry cotton, it would a.bsorb a considerable 

and variable quantity of moisture. This was a very ' 

difficult problem, and still awaited ~olution. With regard . 

to the yield obtained, and the very large output per man 

in the factory, in Rpite of all displacement of labour, h(' 

thought lnbour of that kind ought to be displaced wherever 

it could, bocause the men worked under great sanitary 

disadvantages, and if they could in Any way supplant 

human labour of this kind b) · appliances it was good 

for humanity. \Vith regard to the materials used. he dill 
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~ot t·hink they had by any ml'ans reached finality, and
"tb('re might be mAny I'Ol'Sibilitie!! alll'ad. Curiouslv 
~ol1l!h, the material URed WM 1Il0st unsuitable from its 
mf'Chanical ~hape: the cotton fibre W8.lI a capillary tllhE'~ 
.an<l unleAA tllat tube WM ab..oll1tcly de,;troyed. one could 
not· l'rc.cnt the strong capillary action with which it 
Tould retain all liquid~. Lntil the Rtnlcture W&I! dl'8troyed 
-on .. ;'ould not bo absolutel.," MIre that. the gunr.otton was 
~rfE'Ctly . pu~ H~ had tried IIome IImall experiments 
In that dm:'Ctlon; m .• teed of th(' mn.chine adapW from 
1hc paper inrlu"tT)·. ho hAd t·ril'd fine grinding, and it 
-.ra. "uite poAAibl(' on a Inrj:'c IIcl\le to absolutely reduce 
th(' fibrcs to a powrler. Then the ~ub~cquent purification 
...... ould he ~illlplcr. and rrobablv the co~t would bo rffll1c<<d. 
)Iany ycn~ AI:O he had triro" a number of fihres which 
'WCTI' not tubular, onc of which, kapok. had heen already 
1llC'lltioncd. He thought. Sir Frederie Kat·han found 
it~ wa. a ve.ry /!rea,sy material. and he did not get a good 
y,C'ld from It. InCldcntally. the ~amplc of kapok, of which 
hr had obtainC'd a considerable Cjuantity. had heen finallv 
... ,tili.('(1 for another purposc. It r~pc\1ed water 80 
·efiC'<'tually that it had i><'en l,.('d AS a ma.terial for lininlZ 
1hC' in.ide of t.he car. of thl' balloon. that took part in the 
lOIl[! cli~tance r&CP for the Gordon -Bennett Cup. It 
bad .ince been used b\' balloonists for lifebclts. In one 
e~plo"i\'e industry, at a.ny ratc, that of Schl,lt1.c powder, 
-onc of the first smokelef< powde~ made for aporting 
pU'1)()!le~, the cellulose from wood' had been used. It
""as quite J'O"-.ible that ,,;th higher purification of wood 
fihre and rroucing it more to the termR of cellulo<e. it 
might ultimlltely become a substitute for cotton in thi~ 
and",try. It must be remembered that they "'ere in 
rather an awkward po~ition in t.he explosivl'!! industry 
'bt-ing·depe.nd<-nt bot.h tor nit.ric acid and cotton on other 
count.rie~; so that if the Fupply of either or both should 
Ibe cut off they would not· be able to make cordite or the 
-other nitrated material. It would therefore be an advan-
1.a!;e if they could find <Olll(, ~ub5titute for cotton, whieh 
·eould be used for makinr nitrocelluloRe. 

. :'IIr. Osc.m GUTT)!.\XX ""id the figures h~- the Abcl 
Jlr()('e~s were gi"en as 13·/ ;; to J.2J of eot.t.on waste or 
I in 10, which waR t·he (juantity remaining in t.he Jlots 

.aitC'r dlppmg and <qu('ezmg out the acid on the grid at. 
th~ hack, but the nitration took place in 2'20 parts of 
.acid. The nitration l&><ted .(j minute<, but the dtN 
nitration in the pots 24 houN'. TI~e ~itration wa~ probably 
finJ ~hcrl as to over 00 per cent. Wit-hill the first u minutcR, 
and only the last 10 per cent. were finished in the next 
'24 hours hy the acid &bsorhC'd hy the cotton . The rca~on 
so larre a quantity wa.. required wa.. that the cotton 
it..p!f wa.~ 80 .. bsorbent that it could noi be dippP.d unless 
th.er? had. a large excess. There were a~o lIome figure~ 
ml"-~mg WIth respect to the output per man ID the nit·ratin<T 
eentrifu!!al machines ; he believed it was about the 6&11\~ 
as by the Anlecr Vroct!ss. While it was quite true that 
the ~utput p<'r man wa.~ \'e'r)(., much larger ill the C&l.'e of 
the dl.spIR?ement. p~occ~. they ough.t to consider that by 
the mtratmg centnfngal at IrMt SIX operat.ioJl.' can be 
made in a .da), whilst. according to the dCJ;eriptioll ~ven 
in the Zei~hrif~ fiir ~as g('San~mte &hics.. - und Spceng
stoffwescn III J~)5, which WAS ~tlll true, it took at '''alt-ham 
Abbey i to 8 .h~)\~rs to finish a. charge. Still, t·his wa.s 
only a feehle <'rthClsJll on what was otherwise an excellent 
pr()('es~, carried out in the absence of fUllles and ineon
Tcnience to thc workmen, and gh'ing excellcnt guncotton 
8u<'h as requir~ at Waltham Ahbey. They had, how
~\'er, hcard from tbe .. uthor that. it probably would 
not he quite a.. useful for oth('r kinds of !!Uncotton ' at 
any rate, it would have to 00 t.ried, and hentboll<Tht these 
trials. were :""'"ting. He ~ould not be expec~ to go 
fully mto thia process, nor mto the wholp, question of tho 
manufacture of. g:tIDCOtton, since about a month ago 
hc had done thIS In anot·ber plA.Ce. lIr. Reid I'ucgested 
.th!lt wood fibres when better purified mi,l!ht be" meful 
for the production of e:rpIOl'ivCII, but triaL~ had t;hown 
that, for the reasons Mr. Reid had given, ·they could not 
get the .same good result from it as from . cotton: He 
.&liked the ~uthor_ to wh&t he attributed the yield of 
170 as agaIDat 109 and ' .160 of . other proceseCII. They 
hew tbat he wa.~ not a fnend of the nitrating centrifugal 
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lUachine, but he MW nQ reason from 0. mechanical and 
manufacturing point of view why the ~ield should be 
(j per cent. ootter in one cue than in· the other. His 
imprC!8ion wall, that at Waltham Abbey they took much 
~eater care in selecting and preparin~ tbe materia.ls and · 
ID the manufacture, and tbat this '""'I entirely reRponsible 
for the increase. ' F'mally. as one who had seen more 
than half tbe guncotton factoriell in Europe, he would 
!<Ay tha.t !lmllU laboratory experiment!! with expl~ivCl' . 
were not directly transferable to the factory, and that in 
this sense Sir Frederie Vi'&! quite ri"ht. He waR however 
the last man to deprecate the work of the laboratory. 
becau~e it always showed the way, ard two of the most 
hrilliant examples were thl" invcsti(!ations of Professors 
l ·unge and Will, . who hy thcir work had I<uggested a. very 
Ia.~ge number of Improvements. A laboratory experiment 
might be made on 5 gTms. or on 5 lb.; and manufacturer!' 
l)owadan make the latter, ~1I"e experimcnt,; on larce 
<,bargcR' were absollltely and ~Iirrctly transferable to 
manllfacture. 

Sir FREDERIC X.\TIlAN r,aid the qncstion rai~ed hy the 
Ch"irman with regard to I"homtory a.nd manufacturing 
~xpcriJJlent.~ had been very ably answered hy )[r. Gutt
manu. He had stated in his paper that nll eXl)('rimental 
work "hould he ha.,ed on sound chemical principle' ; thllt 
implie:l that the laboratory initia.ted experiment~, but 
that the experiments themseln·g mllst he r.onrlllr.ted on 
the lI1andacturing ~C'.ale . In writ.iug M he had don." he 
had in his mind an iJllluen .. <c amount of very \'aluablo 
litera.ture Oil the Rubject of guncotton. but it hael I)('ell 
his ex]X'.rien~e tllll!. follon-ing thc method <Iescrihc:J. 
resulted in failure to produce on the mannfa.cturin~ scale 
anything like the IlOdie.. obtllined hy thosc \'cry ahle 
ehemish 'ltho had worked on the lahor~tory ~calc. AR 
regl\rds <'otton wa~te"ubstitutes hc ha.d tried l\ll!;uccr.~sfull~-
0. large number of oilIer m .. u,rials be"idc~ those hc had 
mentioned. By the time thc perccntage of resistent 
cdlulo~e, ~uit&ble for nitra.tioo. had lx.'Cn got, a \'Il.st 
a.l\lount· of time, lahour,-and material h:d l>ccn e:cpcnded 
for " v~ry Mmall re8ult·. \Vith regard to thc .. tea~ing .. 
,yslem, he had d('scribNl it .imply M it cxi<tcd; other 
methods hlld been t.ried, '-9 .• reducing the COttOIl waste 
to the condition of cotton wool. but there was nothing 
at all c;ained; on the contrary, con<idera.hlr. ('xtra ('xpemo 
\\'8.11 incurred with no <,orresponding a.d \'n.ntnge. The 
method of wei~hing th(' cotton ",a..te npl)('aroo pcrha p~ 
rat.her r..rnde, but "'hen dcaling wit-h very large quantit.ics, 
and a difference of } per I'mt. of moiMtnre onc wa.y or t.he 
other ,vn.' not a 'l"cry I'CriOU" matter, it. a.ffretcd the )l<'r
eentage of ~oluble mainly_ in \'iew of thl' fa.ct t.hat in the 
later l7uncot·ton prorel'sf';!< there \~ a cOll<ici<'rahle blendin". 
whici; wal; moreover cllrried right through the ol)('ra.tio~. 
of converting the guncotton into cordite. He entirely 
agreed ,\;t!1 th(l vie,l1' cXl'rcs.<ed by )Ir. Reid with regard 

. to the purification of nitrocellula<e; it. wns no dou bt 
tho onc opera.t.ion in t·he mauuf:t.Cturc which· they knew 
I~" ahout than t.hey would likc to. Experimcnts on thi. 
point arc being constantly lUade with the hopc that. it 
would not only be poosible to . honen t.he boiling procCSII 
but at the 1<&\11(' time be able. to produce a much better 
guncotton t.han was beinl% preduced evel1 at the present 
timc. He agreed with )[r. Reid that dl',;troyillg the 
fibrou,, ' RtruetuTC of guncotton prior to purification and 
boiling would probably be a material .. tep in a.dva.nce. 
It had occurred to him and to dthers, and he belie,,<,'d a. 
pAtent had recently been taken out for tha.t purpo.e. 
With regard to the low yield from the nitrating cent·ri
fugnl, he was unable to affotd any e30.-planation. Some 
of tbe reasons why & better yield WaR obtained with the 
displacement process was that there wa., no 10!18 due to 
fuming off, either in potll or centrifugals, or in the 
mecbanical operAtlona of immersing, water-centrifugally, 
acid-centrifurlly. etc., but mainly that & more complete 
conversion 0 tbe cellulOllc into nitrocelluloso took. pla.ce 
in this process. ' . 
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