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to handle from a clar ifi ed solution than from one that 
has receiveo no treatmen~. On the other hand. it may 
be po illted out th ... t if. a.s is frequentlv the ca..e . a con· 
Sldcrable excess of lead is emploved to ~ ffec t clarification. 
u nlcss !lreat care is e xercised to elTec t it.. complete removal 
irom the clar ifi ed solution. it is liablo to gi'·e rise to large 
err()r s ill F e hling determinations performed with the 
clar ified solutions. In the past it has always been our 
pra c tice to ca rry out the volumetric de termination on 
tbe untreated w lution in accordance with Briti~h pra c tice. 

In conclusion we would ,tate that it is not onr inteution 
to sugges t t.hat such a high <l egree of aCcuracy i. obtain· 
ahle by mean~ of the volUll1etric process as with the 
~ ra \'i metric met horu. In our opinion. however, very 
material improve menl.9 can be effec ted in it on the lines 
we ha '·e inoicated so as to render it su fficientlv accurate 
for !\JJ ordinary technical analytical purposes, but, where 
~reat acc urac y i, des ired the preference should un· 
d oub tedly be g ivcn to the gravimetric ruethod. 

DISCU5SIO~. 

:\Ir. A. R. LL"G &/lid that the use of acidified fcrro· 
cyanide IIOlution aa ind icator, in conjunction with folded 
ruter paper. wa s well known. He had COme to the con· 
clusio'· ' bat ferrocyanide aolution in any form was not 
suffid y sensitive. and had given it up in favour of 
t he inUlcator, ferrous thiocyanate, which Wf\S described 
in a paper read by ~1r. Rendle and himself before the 
Soc iety of Pu blic Analysts in 1905 (this J ., 1905. i53), 
and which the authors had not referred to, possibly 
becau se they had not seen it. In that paper it was 
shown that the titra tion of solutions of invert sugar, 
de:ttrose. and maltose could be carried out with ense 
to 0·1 c. c., a degree of delicacy ";·hich could never be 
lbtained whon fen.>CI'anir1e was used as an indicator. 
He presumed that the author.! in givin~ a constant for 
the intiuence of cane ' ~gar were only dealing with mixtures 
'ontaining very swall proportions of invert su gar and 
ar2;e proportions of cane sugar. 

~lr . A . C. Cll .H~A~. referring to the filter paper method 
·ecommended bv the author.! for applving the lerro· 
·,anltl" t.est. said he was rather surprised that no reference 
lad be~ n made to the thiocyanate (sulphocv:lOidel indi· 
·ator; he felt that sugar chemists generally were very 
ouch indebted to ~!r. Ling for having brought this 
-,dicator to the ir notice , since it WIIS certainl ... much 
upenor to the ferrocyanide. and had done a j(T ~at deal 
o :nnease the :lccuracy of the volumetric method. 

j[r. E. G. RooPKR said he thought that no sugar 
he mist was likely to need to keep Fehling's :lolution for 
-i month!! . From his experience of many year.! ' working 
'·Ith this solution. he found that within a period of 3 or 

weeks t.here wa.~ no appreciable "ariation. the wlution, 
[ CO\l being kept in a shaded place. The method 
f app. , .g the indicator referred to appeared unneces· 
Iflly e laborate. His own practice had been to fold a 
wedish paper thrice. drop the solution on the upper 
,de. and apply the test to the under portion which. on 
nfoiding the paper. occupied the middle of the filter; 
~ had found that perfectly satisfactory. Re should ha,e 
~e n inclined to expect-though he had no experience 
, anything beyond English sumjDer temperatures
lat Fehling's solution would deteriorate more rapidly
, referred of cour.!e tQ the complete, mixed solution
. a hot c limate than in cool region.~. but if such deteriora· 
on w~re found to be serious, there seemed to be no 
·eat ad,antage in the mixed solution, and the remedy 
a.. of course to be found ill keeping the copper solution 
1d the alkaline solution apart, only mixing when actually 
cllllred. 

Dr. E. DIVERS said that it was well known that Fehling·s 
lution in the dark kept well for a long time, and that 
'oon altered in a ~ trong li~ht. It was not the be~t 

ac t ice to test the filtrate .. fter passing very little of it 
r O ll~h se,eral fold.. "f paper. because of adwrption 
copper , alt by cellulose. 

:l fr. .]. 1. UAKER .aid he should li ke to make it clear 
a( the author, were not in th~ ha hit of kee pin~ their 
;ahne tartrate and co pne r ' 1Ilphate Holntiorl.' mixed 

I~ months. but (hi. wn., an experiment to "how whtlt 

chan~e would take place if the mixed solution was kept 
for that unusual period. He could imagine, however , 
that for chemist3 who were working under great pressure 
dllrinlS a s ugar camplllgn. It would be a very deCIded 
ad v anta.~e if they could prepare a large quantity of 
ruixed solution ready for testing. Anyone who had 
worked in sugar factor ies would appreciate the force 
of that remark. 

Mr. G RA:-1T HOOPElt said he had made up to 10 litres 
at a timf>. and kept them oyer 3 weeks without an.v 
apprcc iable change . 

Jfeeti1UJ Add at Buriingtcln HOl1.8e on Jlonday. F eb ruary 3, 

1905. 

DR. J . LEWKOWITSCH L.'{ THE CHAffi. 

NITROGLYCERINE AND ITS ~1ANUFACT{)RE. 

BY 'T. · COL. SIR F. L. NATHAN, R. A., AND W. RINTOUL, F . J.C. 

The Memoirs of the Royal Academy of Science of 
Turin, published on Feb. 21, 18·C, contains a paper by 
Professor Aacanio Sobrero. entitled "Concerning some 
new explosive compounru obtained by means of the 
action of nitric acid on organic ,egetable subst.a.nces. " 
The first portion of the paper summarises the work 
published by him in the previous year on nitromaunite. 
&c., and he then proceeru as follows :-" The oxidability 
of glycerine is very great; nitric acid reacts violently 
upon it and produces oxalic acid, although it would 
seem probable that thiB iB only the ultimate degree of 
oxidation to which it attains through intermediate st.a.ges 
corresponding to more complicated substances. H o we ve r 
that may be, when concentrated nitric acid. or a mixture 
of two volumes of sulphuric acid at 66° B., and one 
volume of nitric acid at 43° B.. is added to glycerine 
concentrated to the consistency of a thick syrup, o:tidation 
takes place immediately and tumultuously, prorluciog 
copious nitrous fumes. I ha,·e had nO opportunit ,· 
of studying the product.s of this oxidation. If, however. 
instead of pouring the acid mixture into the glycerine. 
the operation iB reversed. takinll the precau tion of keepin~ 
the acids in a freezing mixture at a temperature se,eral 
degrees below zero, a different reaction occurs. Th e 
glycerine dissolves when it comes in cont.a.ct with the 
aciru, the solution being facilit.a.ted by shakin~ the 
containing vessel. When solution has been enected. 
the liquid is quickly poured into distilled water at ordinary 
temperature. and immediately a coo.,iderable quantity 
of liquid drops are precipit.a.ted at the bl)ttom of the 
vessel These drops unite and form a layer, which. 
if undi.~turbed, separates completely from the water . 
These drops couatitute the new substance whose properties 
I am about to describe, and which I will call piro. 
glycerine." Sobrero found that piroglycerine possessed 
"detonating power to a high degree," but no use was 
made of it as an explosive for many years after its discovery 
bv him. 
- It has been st.a.ted that mines or torpedoes charged 

with nitroglycerine were employed during the Crimean 
War to protect the water approaches to the fortress of 
Cronstadt, and that their supposed existence deterred 
the BritiBh fleet from entering the harbour. There does 
not appear, however, to be any accounts of these mines 
having produced explosive effects. 

In 18tl3, Allred Nobel introduced piroglycerine, which 
he called nitrogl.'·cerine, as a blastin~ agent. in Norway. 
It wa.a first of all employed in the hquid state and was 
exploded hy means of small charges of gunpowder. or 
detonated by means of percussion caps containing 
Culminate of mercury (Eng. Pa.t. 1813 of July ~O. IS6-i). 
Its use now spread rapitlly. but many accidents occurred 
\V.ith it. and. in consequence. its employment was pro· 
hlblted by many governments. To render liquid nitro· 
~lycerine .; afe for purpose" of tmnsport, );"o"el dissolved 
It IQ vaflous solvents. but in oroer to IIse it, it hurl to be 
separawd from these sol l·pnt; . ; 0 thllt nitroglycerine 
treated in this \Va,' was not <.l. ' IW('('S". 

Pure nitroglycerine freeze, eas ily at "bout So C .• and 

n :2 
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in the frozcn condition it is luu ch safer to transport. 
Thi" rropen., W(U. made Uge of in America hy G. !.1. 
bI owbray. wh o. ID IfW!!. erec te d a fart or, for the 
manufact~rc of nitrol!lyrcrine for use in the constru ctIOn 
of tue B OOl'ar tunneL 1I1IWsac husetw. Large quantItIes 
of nitroglycerme were mudc at thi" faetory ,. and sur ccss
full .v employed in the lJlafitlIlg opera tIons ID conncc t lO n 
with this tunnel, and other works . It. was transported 
all oyer America in a frozen condition witbout apparently 
anv serious acc idents , and the use of frozen nitroglycerine Wa6 continued in America for many veall!. 

Meanwhile ~obel, after a long series of experiments, 
co=encing proLabl.v auout 1863, when he took out a 
patent for mixing nitroglycerine "itb ordinary gunpowder, 
sodium nitrate, or a mixture of carbon and sulphur 
(Eng. Pat. 2359 of Sept. 24, 1863), succeeded in finding 
a substance which would absorb very large quantItIes 
of nitroglycerine, and in this way he got rid of the 
difficulties and dangers incidental on the use of lIqUId 
nitro!!,lycerine. The material he employed was kiese l[rUhr, 
an infusorial earth , and to the product he gave the name 
of .. dynamite" (Eng. Pat. 1345 of May i, 186i). 
~obel e,entually succeeded in replacing the kiese lguhr 
bv an expla<;ive absorbent, and in 1875 he patented 
"-blasting gelatine," the most powe rful form of v .. hich 
eonsisu; of 93 parts by weight of nitroglycerine, and 
7 parts by weight of soluble nitTllted cellulose (gelatinised) 
(Ell!!', Pat. 4179 of Dec. 2, 18~5). 

Both dynamite and blasting gelatine are e xplosi ves 
suitable only for blas ting or di3ruptive purposes. By 
considerably reducing the proportion of nitrog lycerine 
wbilst increasing that of the soluble nitrated ce llulose, 
Kobel produ ce d an expl os i..-e for propuls ive purposes; 
this he patented in 1888 under the name of " ballistite " 
(Eng. Pat. 14il of Jan. 31, 1888 ). Meanwhile, the 
Expla<;ives Committee in England were working on 
the production of a smokeless propellant in which nitro· 
gl.vcerine was combined with guncotton or insolu h ie 
nitrocellulose , in place of the soluble nitrocellulose used 
by :Kobel, and in 1890 t hey patented" cordite" ( Eng. 
Pat. 11 ,664 of ?lla)' 24 . 1890). 

N itroglycerine i. nOw used a, a constituent of a large 
number of both disruptive and pro puls ive explos ives . 

Early Jlan 1J /aau - In the early days of the manu· 
fac ture of nitrog l) cerine, only small quantities were 
produced at one operation. and the apparatu6 e mployed 
was of the simplest description. It cons is t ed usu a 11.,. 
of a pot of cast iron. china. or lead, in which the nitra tion 
was carried out. The pot contained the mixed acids 
and was stood in an ou ter . essel full of cold water . The 
glycerine wa~ poured very slowly from another . esse l 
into the mixed ac ids . and whils t it wa& running in the 
contents of the nitrating pot were kept well s tirred uy 
hand. When all the glycerine had been added . the 
nitroglycerine formed was allowed to sett·le out from 
the waste acid in a se parating funnel and then run into 
water and washed . The washing was genera lly very 
imperfec t , and the nitroglycerine so made was obviously 
not . uitable for prolonged storage. The qu a ntity of 
nitroglycerine produced in one operation on I:\, am ounted 
to, say, 100 grms., and when fairly large quantities 
came to be required , the number and s ize of nitrating 
pot<: was increased, mechanical arrangements for re!!,ulating 
the inflow of glycerine and for agitation during n itration 
were introduced, and greater care was taken in the 
pre paration of the nitrat ing acids and in purifying tbe 
nitroglycerine. 

The most successful , prohably . of the early fa c tories 
for the manufacture of nitro!!lycerine on a commcrcial 
scale, was the one at North Adams, Mass . , er ected 
by C. M. Mow6ray 10 1 MS. COmpre~Eea air was used 
for thoroughly mixing the acids and removing nitrous 
fum es. The nitrating vessels were s tone. pitchers to 
the number of 116, they stood in wooden trou/=hs filled 
witb ice ·cold wa te r, or ice and sa lt. The c11arge of 
mixed acid was I i lb. The glycerine, contained in 
glass jars placed al a h igher len l. s.'phoned over drop 
b, drop into th e mIxed aCId, Rnd the con tcnL.c of the 
nitrating ve8sel were !<ept agi tate d during the inflow 
of the glycerine bv means of co mpressed air led in through 
a glass tube. The nitration IRs ted I! to 2 hours. 

Tempcrature~ were taken frequen t ly during nitrati on. 
and if a rise took placr. or nitrou;. fumes were i!1\'cn nfi. 
the inflow of glyccTlnc wa.., redu ced. and hand stlrnnb rewrted to. On the complet ion of the nitration th,· 
cbarges were poured int o a large tank of water at a 
te m pe rature of iOo F.. a bateh consis t i n ~ of ahout 45n 11,. 
After a preliminary washing in th ~ ta nk the nitro!!h'cerme 
wa." run off into a wooden swinging tu b. in which it wa., 
washed five times. three times with plain water anLi 
twice with soda, a current of air working through it at 
the sa me time. The wa,;hing water was run in to larg" 
tu b<; in which an y ni t rogl.vce rine sp ttling ou t from It 
was retained. After washing, the nitrog lycel ine wa, 
transferred to ea rthenware ja rs holding 60 lb. each. 
The jars stood for ~2 hours in tanks of water warmed to 
70° F. , any impurities r is ing to the surface ns scum lx·ing 
skimmed off. The purified nitroglycerine was poured 
into tin cans lined witb paraffin and holding 56 lb. ea ch . 
and then frozen in tbe til\S, in whicb condit ion it w", 
alwavs stored and transported. This process, no" 
40 ye all! old., resembles in many of iu; e8sential feature,. 
the process now in use. 

,",' ith the introduction of dynamite t owards the end of 
the Sixties, the manufacture of nitroglycer ine was agalD 
taken up on a large scale , and the apparatus alm ost 
universallv employed was constructed on very s imilar 
lines to tbat more or less in general use at the present 
day. The nitrating '-essel was a large c.ylindrical lead 
tank with an outer wood casing, between it and th e lead 
tank cold water cir culated and it contained lead coil, 
throu gh which cold water ran. Agitation v.a." effect<:Li 
by means of compressed air, led in throu gb lead pipes. 
and in the -earlier plant mechanical agitation was al", 
employed. Glycerine was run in from a tank placed auo\'(· 
the nitrating vesse l. the iollow being controlled by mean, 
of a cock. A glass pipe led away from the cover for carrvUlg 
off and observing tbe fumes , and tbe t e mperature durlll£ 
nitration wa.a watched In' the aid of a th ermonlet<:r 
passing into the liqu id throu!!h a hole in the cover of tL,· 
nitrator. Below the nitrator. a lar!!e tank r ontalnlll~ 
water was provided . into which the charge cou ld 1* run 
in tbe event of overbeating. In tbis apparatus Reye r .. 1 
hundred poundi< of glycerine were nitrated in one opera · 
tion. On comple tion of nitration, the whole of the c har e(· 
of waste aeid6 and niliogl"cerine was run s low h ' 1n L() a 
large tank of water . agitation be in~ kept up in the tani; 
with wooden paddles. operated by hand or n1 ec hao icalh . 
Tbe nitroglycerine fina lly waB a llowed to separa le 01: t 
to the bottom of tbe tank , and was drawn off into sma lkr 
"ata and wa.ahed l'C."eral t llnes with soda solution and 
water until perfectly neutral. This system entai led th e 
loss of all the waste &Clds. if the inflow of tbe char!!e ",a' 
not carefully controll ed. dangerous heating was lia h ie I" 
occur, and in any case there was a large de\'elopmcnt "j 
nitrous fumes. For these reasons this syste m was a ban· 
doned, towards the end 01 the Se.enties. and the separating 
tank mtrodu cea I hIS tank IS of lead and usuall y COUl ' 
pletelv enclosed; -it will be described in more deta il la ter. 
The charge Wag run IOto it t hrou gh a cock at the bo t to III 
of the nitrator, and nitroglycerine being lighter than the 
waste acid it separated out on the t op of it and was then 
transferred to the washing ~nk where it was washed. as 
already described. When all the nitroglycer ine had been 
drawn off. the waste acids were run away to lead tanks in another house. . 

The above descriptions are necessarily brief. bu t t iDle 
does not permit of our entering into full details, or of 
describing the somewhat numerous differences III 
apparatus and processf'S of manufacture, which e xisted 
in the early days ot tbe pr oduction of nitrogh·cerine. 
Tbese are dealt with fullv in " The Manufacture of 
Explos ives" by Mr. O. G·uttmann. 

The relati.e proportions and strengths of nitric and 
sulphuric acids, and the proportion of mixed acid to the 
g lycerine, have varied from time to time. a nd in diffe rent 
factories. Sobrero in his laborntorY used two \'o lumes 
of sulphuric acid of 1·84~ sp. gr. to-one "olume of nitric 
ac id of 1·424 sp. gr .. and t o thi..< mix ture he added half a 
,olu me of gl.vcerine. Th is proportion of acids was 
e mployed in the early da:os of large scale manufacture . 
and the proportion of glycer ine to mixed acid varied {rom 
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~================================================= one.sixth to one-e igbth_ The more modern practice is 
to use a mixture of 3 parts bv weIght of nItriC aCId of 
I . j sp. gr. and 5 parts of ,ull'huric ac id of 1-8-!:!. sI'. gr. . 
and to nitrate onc part by weIght of glycerIDe In every 8 parts of thili olixtllre; the p"oportion of !!Iycerine to 
mi:red acid varies somewbat according to tbe .,tre ngth 
of tbe acids. 

Theoretically, 100 parts of gl.vcerine should produce 
~4-6' 7 -1 parts of nitroglycerine: bu t for se "eral rcasons 
this vield is never reached In practICal manufacture. In the early processes a yield of ~omewhat under 200 per 
cent. ""as all tbat was obtaiiled. In more modern 
factories vields between 200 per cent. and 210 per cent. 
were ob~ined, the uigher figure being considered very 
)(ood, The average yield at the Royal Gunpowder 
Fa.ctorv over a series of eight years was . 214{ per cent. W I£h 'the llltrOducfJon of the Improved plant, to be 
described later, a material increase of vield was obtained, 
the avera e for two vears bein 220·18 r cent. 

I ill ra IDg aci 0 e compos ItIOn given above. 
and with commercially pure glycerine the reaction of 
nitration is practically quantitative. ,It is free from side 
rea.ction.s such as the oxidation of the glycerine radical, 

(
referred to in the opening sentences of Sobrero's original 
paPer, as occurring under certain conditioll.9, If we 
assume for the moment that there is no mechanical loss 
and that the waste acid does not contain anv nitro-
glycerine, the operation may be stated in the for'm of an 
equation thus:-

~OO.O 

IV lUI~ A cid. 

~8o.nl 
"7.6). 

105.7 

There are thus present in the nitmting acid 
47 part8 of water which appear again in the waBte 
aCId and perform no useful function, It occurred 
10 118 that. as ~ordhauBen Bul huric acid can now 
be readilv obtained at reasona e rices, it ml!! t 
use to remo"e t c, water. e t ere ore calculated :.!lls 47 parts of water to Its equivalent in wa.,te acid. 

,~_ deducted the figures thus obtained from both sides ~' [he equation. ,-I.s a reslllt. we arri\'ed at an equation 
,iving the composition of a nitratinll; acid free from 
·.vater and its ratio to glycerine required to produce a 
waste acid of the same composition as above. This 
'''luation is: -

N ;Iraling A cid. 

+ I H~SOi 2fi6.fl} 
\ H"OJ 2-!2.9 

509.5 

Wll.JI~ Acid. 

26~.? 1 
3/ . .:> 1-
5-.7 

362.~ 

Bv u~in(! a nitrntin~ acid free from water, it is therefore 
poss-ihle to redllce th-e 'l":lntil\' of wa.,te acid produced 
per IO!) parts of I!h'cerine from f,53·3 to 3tl2'~, a sl\ving 
oi :!9()·5 pa.rts . Experiments ha\'e ~hown, and It has 
h<'en confirmed bv observations on the ml\nufl\ctllrmg .',·ale , that wa.<U> ~ci(1 of the :lhove compositinn ab.orhs 
J·7 per c('nt. of it. weight of nitroglycerine. Thl're shollld 

therefore be obtained an increase of 10·,5 per cent. in 
the ,· ield of nitroglvcerine if this mixed acid were ado ted. 

_ CH er eorctlca conS) erations nor t e result of 
experilllent sugge; ts that thi" anhydrous mixture wnuld 
oc in an'.' -.V:l ,- mor(' dangeroll ., to use than acid containinl<! 
fOllr or fi,-c iler c.er:t. of water. bllt in all manufactnrc~~ 
and in ' the DlG.nllhclure of explosives pl\rticularly. an,' 
alte ration in " process should he carried out with the utmost c:l.ution and; whclfl po% ibk, gradually. We did 
not therefore proceed at once to the u,,, of "cid free frrJm 
watN. out used such a strenr;th of )1ordhausen acid as 
would reduce the ratio of ac id to glycerine from 8 to I. 
to 6·13 to l. 

The manufacturing results obtained during a period 
d nparly two yea,s , how the increased vield that w e 
antic ipate", vi l., from 220 per cent. to rather over 229 per 
cent., and therefore prove the above reasoninl{ sound. 

In addition to the obvious econom v of an increa ' ed 
yield, the new mixture ha.. further advanta'l"s, inasmu ch as the capacity of lin." ~ivell plant is grel\tly increa_'er.. 
and there is less loss of nitric and s1llphuric acid, through 
the reduction in the q lIantity ()f waste acid to be 
denitmted and rpcovered. 

Having suc('eeded in reducing the quant.ity of nitro
glycerine absorbed by the waste acid by adjusting the 
composition of the charge so that less wast.e acid was 
prodllced. we turned our attention to the composition 
of the waste acid itself. We were not aware that any 
thorough investigation of the abaorptive properties 
of this acid had been published. and thought it possible 
that such an in vestigation might afford useful information_ 

Ou r earliest ,,:rperiments on this point gave quite 
unexpected r'.!sults. We were aware of the fact that the 
addition of water to waste acid of the usual composition 
caused the absorption of any globules of nitroglycerine 
that might be present, but we were surprised to find that if nitrating acid containing sulpburic and nitric 
acids in the old .) : 3 proportion and no free water, were 
used. this absorption no longer took place. On the 
contmry, on adding a small quantity of water to the 
waste acid from this nitration. a further formation and 
separation of nitroglycerine occurred. Obviously, there· 
fore, beyond a certain point, the less water a waste acid 
contains, the more nitroglycerine will it absorb. 

In order 10 determine the nature of the curve repre· 
senting the absorption of nitroglycerine in waste acid. 
we decided to prepnre ~ynthetical m.ixtures of varying 
composition and determine their absorptive powers. The 
acid mixtures to be tested were made up as follows:
Pure sulphuric and nitric acids were prepared containing 
exactly 100 per cent. of H2 SO", and HXOJ respectively. 
The required proportions of these acids "nd of water were 
accurately weigh,>d and mixed llOder conditions precluding 
any loss of nitric ;\cid or the formation of nitrous acid. 
This procedure was found to be more reliable than 
adjustment by analysis. The method of determining 
the absorptive power o f an acid was as follows :-100 c.c. 
of the acid mixture to be tested was introduced into a 
fll\sk of 200 c.c. capacity, having a long narrow ne<·k, and 
provided with a tUDulure and stopcock at the bottom. 
A known weight of nitrogly~erine was then added
usually about one grm. more than it was expected would 
be required to saturate the acid. The flask was placed 
in a thermostat fixed on a rocking apparatus, so that 
the contents of the flask cou ld be well shaken while being 
maintained at any dl'sired temperature. When aa.turation 
was considered to be complete, agitation was stopped. 
and the flask allowed to remain at rest in the thermostat 
until all the nitroglycerine had risen to the surface, 
leaving the acid oelow perfectly clear. The flask was 
removed and placed for a few moments in water at 19o C. 
If saturation were complete, a slight opaleacence at once 
formed, but disappeared on again ro.isinp; the temperature 
to :20" C. The clear acid layer waR now run off by means 
of the stopeock at the bottom of the flask, the nitro· 
g lycerine beinll; left behind in contact with only a few 
tenths of a gram of acid. 50 C.c. of co ld water was quickly 
added to the flask with shaking. The dissolved acId 
W~B _ neutralised by addition of sodium carbon~te 
somtlOn and the nitroglycerine dissolved out by shalcing WIth ether. The ethereal solution waa afterward .... &ahed. 
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driffi and distilled. and the remaining nitroglycerine 
weighl'd after desiccation. To ascertain if the nitro· 
i!lycenne recovered in this way had undergone an! change 
by all,tatlOn with the aCid. Its nitrogen content was 
frequently de termined, but was not found to be a lte r (>d . 
Thai concordant Rnd reliable results c&n be obtained by 
tillS mel hod will be seen from the following e:<peri. 
ments on the time of agitation necessary for . complete 
s'Itur;'\tion ;-

Tiu.e of Mtlution. 

Bnul'!. 
fi 
8 

15 

~itroglycerine absorbed. 

Per cent. 
3·23 
3'25 
3·22 

. While discussing the question of the absorption of 
D1troglycerine by synthetical waste acid, it is conv('lnient 
to conRider also the condition in which tbe ahsorbed 
nitr01!Iycerine el:ists in the acid. When nitroglycerine 
IS ahaken with a mixture of sulphuric acid, nitric a cid, 
and wRter, at lellSt . two . phenom ~na are brought into 
play befo.re eqUlllbnum I". establtshed. Nitroglycerine 
at first dlf<SOlves ID . the aCid Wlthout chemical change, 
hut as BOon aB solutIOn ha. begun, a secondary reaction 
sets ID, which N'suJts in the decomposition of a portion 
of the diRaolved nitrol(lycerine. This secondary decom· 
position la, we consider, due to an interaction between 
sulphuric acid and nitroglycerine, and results in the 
formation of sulpboglycenne and nitric acid. A further 
examination of tbiA decomposition rf'veals the fact that 
it is incomplete ev('n in presence of a large exceBB of 
sulphuric acid. When the solution has been allowed 
to stand until no further change takes 'place, that is, 
until equll1bnum has been established, nitroglycerine, 
sulphuriC acid. aulphoglycerine and nitric acid still exist 
in it. We have here~ therefore, a case of a balanced 
or reversible reaction. Assuming trisulphoglycerine to 
be the only ester formed, tl,e reaction may be expressed 
thus :-

~H6(ON02ls + 3H2SO,G,H6::: (SO,Hls + 3HN03 , 

but it is in re,.lity of a much more complex natnre. owing 
to the formation of a lower nltroglycenne. sulphogl.vcerine, 
and pOBRibly of mixed eaters. 

in order to make quite certain that this interpretation 
of the observed facts was the correct one, we carried the 
investigation somewhat further . According to the now 
well estahlished theory of reversible reactions, the addition 
to the system of exces~ of one of the active substances 
causes a displacement of the equilibrium away from the 
side of the equation on which that substance Rppears. 
Consequently, if this is a rever.ible reac tion, the addition 
of sulphuric acid to a solution in a state of equilibrium 
should cause a further formation of sulphoglycerine and 
nitric acid, while the addition of nitric acid should con. 
versely cauee re-nitration and the formation of sulphuric 
aCid. Both of these experiments were tried, and the 
displacement of the equilibrium in the direction required 
by theory WA-S found to occur. Without quoting un. 
neceSRary figures on this point, it will be sufficient for 
our preRent purpose to refer to Diagrams Nos. I and 2. 
From the curves representing the ratio existing . between 
dl~solved a nd decomposed ,nitroglycerine, it will be seen 
that the presence of increasing quantities of sulpburic 
aCid tends to lDcrease the proportion of nitroglycerine 
decomposed; that IS to say It causes the formation 
of sulphoglycerine. Whereas an inc1'Cllse in the nitric 
fl,cid coni ent of the acid causes renitration or formation 
of nitroglycerine. In DiA-gram 3, tbe similar curves 
indic"te th ~ influence of equal increase of concentration 
uf the nitric and sulphuric acids on the reaction. It 
will be seen that in tbi, series, the influence of the latt er 
increases at a greater rate than that of the former. 
Further, if this iF a case o f homo,l!cneolls pquilibrium 
from whkhe'l"er side of the equat ion t he reaction b; 
started, the final state "'ill be th e Mme. Again. we 
find that the reaction in qu estion proceeds according 

to the requirements of theory . Two experiments may 
be c,ted:-

(a) 3'8 per cent. of nitroglycerine WaB added to a n 
a cid mixture of similar composition to wastl' acid. 

([,) Glycerine equal to tbe above 3'8 per cent. of nitro
glycel ine WaB diBBolvoo in sulphuric acid and added to 
an acid mixture of such proportions that the mA-a.'es o f 
the raacting radiclfs present were the same as at (Il) 
although differently combined. 

Both mixtures were maintained at a temperature of 
15° C., until equilibrium waS established. and tbe quantltv 
of nitroglycerine existing in solution determined "nth 
he following I1'sults :-

la) Ibl 

i I Per cent . Per cent 
Nitroglycerine In !olutlon ........... . . 1 1· 90 )·87' 
Decomposed nitroglycerine (by difference l 1·90 ).YJ 

I 

. From the above evidence it is clear that the decomposi. 
tlOn of nitroglycerine which occurs in waste acids is a 
reversible reaction and foll oWB, in all respects , the la "'S 

governing auch changes. 
The method adopted for the determination of tbe ratio 

of what we may call potential nitroglycerine, to nitro
glycerine existing 88 such in solution in an acid, depends 
on the fact that chloroform readih- removes the latter 
without directly affecting the former and without being 
itself attacked by the acids. The removal of the dL" 
sol'l"ed nitroglycerine by the chloroform however, neces
sarily affects the equilibrium above referred to, witb 
the result that re·nitration sets in and proceeds until a 
fresh equilibrium is establisbed. For this reason it is 
necessary to use a relatively large volume of chloroform 
and to carry out the extraction in the most expeditious 
manner possible. Even with theRe precautions, however, 
the results obtained are not accurate. There is, however. 
a balancing of errorn, as on the one hand nitrogl"cerine b 
formed during the period of extraction however short
the velocity of reaction of re· nitration being greatest 
during its first period; on tbe other hand, one extrac
tion, e,en with a large volume of solvent, will not remo ve 
the whole of the nitroglycerine in solution. The reoulu; 
obtained by this method are, therefore, probablv fairlv 
accurate. - -

WaBte . acid c.ontains three principal ingredients, su I· 
phunc acid, nlmc acid and water. Three series of experi
ments were therefore designed to show in what manner 
.and to whB;t extent each ingredient influenced the propor· 
'tlOn of Dltroglycerme required to saturate the aciti 
Thus :-

Series I Ratio HI4N ° = a constant (1· 1); sulphuric acid 
J. 0 3 

the variant. 

Seriea II Ratio HH2SO, 
20 

the variant. 

a constant (5,8); nitric acid 

S . III n.· HtSO. enes "",tlO H~U3 = a constant (10'4); wate r 

the variant. 
. The results of these three se ries of experi ment'" are given 
lD Diagrams I , 2 and 3. It Will be seen that in the experi
ments where sulphunc acid was tbe variant. a portion of 
the curves are represented ill shaded lines. This indicateS 
that. on attempting to saturate acids in this zone, oxidation 
of the glycerine radicle occurreo. and tbe resu lts were 
vitiated. In these cases special precautions were tak en. 
and the reaction was never uncontrollable, but it is 
clear that no acid of a composi tion in or near this zone 
should be allowed to come in contact witb nitroglycerine 
ID a manufacturIDg operation. In this connection, the action 
of sulphuric acid .of various strengths on nitroglycerine 
was . ex~mIDed, With tbe results shown on Diagram 4. 
AgaID. It wIll be seen that a danger zone ex ists. namely, 
'nth sulphuTlc acid containing between 50 and 85 per 
cent. of H 2 SO.. Al; regards nitric acid of ,arious strengths. 
Ill' to 45 per cent. H};~ no action was fou nd. but "bove 
this oxidation occurred. The u ppcr limit of this zone 
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of decomposition is be low (lO per cc nL. of H-"f031 bu t it WU-'l not considered necessary to in vestigate this point too close l\', owinlj to the danger of tur bulent or e,en exploi ive reac ti'on. It '-'""-S, however, proved t ha t ni t roglyce rine is mi,r. ib le in all proportioll.'l with nitr ic ~ id conta ining 100 pe r cent. H-"f03 , and such a solu t ion con taini ng 10 pe r cent. of n itroglyce rine can be raised t o a high temperature withou t deco mposition taking place. Returning to Diagrams I , 2, and 3, it will he seen that in the case of each variant there occ urs a po int of minimu m a bsorption of nitroglycerine, and in all t hree case' th is minimum is lower t han the absorption ; hown by ordinary was te ac id. It was therefore probable that the presr nt compos ition of waste ac id could he improved on a nd we were confronted with the problem of how to 3elect from an infinite nu m ber of poss ible mixture.q, t he one whioh would, he the mos t economical fro m the manufac turers' point of view. The time at our disposal th is eve ning does not permit us to give an account of th e results so far obtained. The inves t igation of th is point has proved long a nd intricate, and is, even now, i..::lcomplete as regards so me of the factors of minor importance. Mixed acid.-Having determined on theoretical grounds an acid mixture--or--s-uitable corn os lbon, Which, whlls t pr ucmg a was acl 0 t e usua s trengt , wou at the Sli me time anow of a much smaller ro rtlOn of ac id to m emp a y t an ereto ore, we ec ided to use 
18 mu: ure a • ordhausen ac id offer-ing no 1 c lea m use. acl con mmg ' per cent. of 803 is liquid at all ordinary temperatures. Supplies of t his acid were accordingly obtained, and it has given no tro~ble of any kind. The acid is supplied to the factory in iron drums, containing about half a ton each; the drums are stored in the open, and are emptied into a steel egg of about 3,000 lb. capac ity . aud the ac id blown from it into the mixing tanks. The mixing tanks are la rge, cylindrical, steel plate tanks, raised a few feet from the ground. The tanks, of which two are in nse. have a capacity of about 60 toll.'l of mixed ac id. In the cover is an inlet cock for the sulphuric acid, and a lead inlet pipe extending to the bottom of the tank, for the admiss ion of nitric acid. Two lead pipes also flass through the cover down to and along the bottom of the tank, for supplying compresRed air. The nitric ac id made ttethe Valentiner p.!~~ss, which prOduces an acld very from rutrous ac id, is first of all run into the tank. The sulphuric acid is then blown in slowly from the egg. During the t ime that the sulphuric acid is be ing added, air ~itation is maintained in the tank. .\n earthenwa re fume pipe leads from the cover of the tank to a batterv of Cutt mann ball towera, 80 that tbe fumes ari'!nng from the mIXing are condensed. By using such large tanks a more uniform acid mix t ure is obtained, and with two tanks it is possible, whiLqt ac id from one is beill.'S used, to fi ll the other some days before ii is required; this allows any soud impurities to settle out, with the result that a very clear nitrating acid is obtained. This is a point of much importance, as our experience has proved that the time required for the nitroglycerine to separate from the wa.ste acid is inBuenced bv the clearness of the nitrating acid. A dirty nitrating acid very much prolongs the separation of {lie rutioglvcenne. Anot'lier &dvantage of theselarge mLXlngs, prepared some time before th~y are required for use, is that the v can he analo;sed. aod sh ould the mixture not be correCt, it can be 8.ccnrately adjnsted by the addition of either sulphuric or nitric acid, 14! may be required. The mixed acid when required for use is drawn off into a steel tank. and blown 10 a cy mIca s vesse 111 t f' <' arge OHee. at a h i,.her level than the appaI'1\tus in the nitrating house. 'this steel ves~l resembles a vertical e in coustruction. The ~p IS pron WIt a SlUn a unillllum dome with a fume pipe lfladinll up throul/:h the roof, so that then' Ilre no fum'!s f'Maping into the ch'\ri!C house. The acid sup:>ly pipe is led in through thp. aluminium dome, Plod terminates in 1\ SWRon nee'" the open end of which ('oincirl.ea with the level uf the charge required. A gauge glass i,q fixerl to the aluminium hood. The gau~e is v .. at.: hed whilst the acid i~ flowing ill, and when the acid level Ill ' the Il&Qge !l1,,'<S i. Rli~htlv ahove the ch,.r~ level the air pressure on the mixing tl-nk egg is rele8.lled. The supply 
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pipe acts a$ 8 ~\"phoo. dra ",io~ off ao.,' surpl". acid. aod 
tilu> auwmaticaliy adjustmg the volume of th,· charge. 
This arranfement ensure' an ab~olutel:v correct cha, gc 0; nitratin!:' acid with0ut an \' n( the trouhle, in~on,euience, 
and possibility (o( errnr> of weighinl!;. 

Glyun'ne.-G1ycerine from various sources of supply 
is used. and to ensure uniformity througbout mauufacture. 
the rlilferent glycerines in stock at any ono time are 
blend od proportionately to the stock quantities. The 

1l1 .. CR ..... HO 5 

blending takes place in iron tanks of a capacity of about 
10 tons. One hlend of glycerine corresponds to one 
mixing of nitrating acid. Th" gl,vcerine is rendered 
sufficiently fluid by heating. to enllble it to be blown 
from a steel egg into a galvanised iron tank in tbe cbarp-e 
bouoe. This tank is provided witb coils permitting of the 
glycerine being either cooled or heated, as req u ired. 
Tbe glycerine is run from tbis tank into the glycerine 
tank in tbe nitrating house; this latter tank is provid ed 
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with a gaugeglasa so arranged a8 to allow of accurate 
measnremen ts of the charge. In the case of the glycerine, 
8.8 in the case of the acid. and for the same l;6asous. the 
charge is measured, not weighed. 

NitraJwn.-We have already referred to the uitrating 
plant used by Nobel for the production of nitro~lycerine 
on the large scale. for the manufacture of dynamite. when 
the latter explosive was introduced. This plant. with 
but few modifications. was nnivers"lly used until recently 
for the production of nitroglycerine. We propose to 
describe this plant. aa erected at the Royal Gunpowder 
Factory, in 1890. and to compare it a~ainst the plant 
now in use there. as well as at otherl\ctones in this 
country and abroad. These plants are shown on diagram. 
~os Band 7. 

. The old pattern nitrating apparatus was a large lead 
tank. cvlindrical in shape with a convex bottom; inside 
were co'Us. through which cold water circulated and pipes 
for the supply of compressed air were led down to and 
round the bottom of the apparatns. The top of the t.a.nk 
W8.8 closed by a dome cover of lead. cemented on. and 
provided with ~Iaas inspection windoW1!. The air pipes, 
the pipe conveJUlg the acid. and the water inlet and outlet 

_ pipes. all pa.aaed through holes in the cover; in the centre 
.. of the cover W&8 a manlid with an acid lute. and in the 

centre of that again '11'8.8 a hole for the insertion of the 
glycerine injector. This hole W8.8 closed by a loose lead 
plug when the injector W&8 removed. A fume pipe fitted 
with a glaS!! cylinder. to allow the colour of the fumes 
to be soon. WIUI also fixed in the cover. The bottom of 
the ~k '11'8.8 provided witb. two .earthenware cocks. 
Both cocks were available for drowning the charge; 
whilst one of them was ,used for running the content.! 
of the nitrator into the separating ta.n.k: through a movablo 
lead bend. 

The nitrating acid having b&n run into the nitrator, the 
glycerine injector was introdnced through the hole in 
the manlid, and the glycerine sprayed by means of air 
prel!8tln! under the surface of the acid. Durinll; nitration 
cold water was allowed to circulate through the coils, 
and the content.! of the nitrator were kept agitated by 
means of comprell86d air. The inflow of glycerine wa.a 
regnlated 80 8.8 to keep the temperature of the charge 
at or below ~ C. When all the glycerine had been added, 
the injector W&8 removed. the charge cooled down to 
a.bout l~ C .. and then run off into the separator. 

&paraiion..-The separator WII.8 a square lead t.a.nk; 
the bottom sloped downw&rds from all four sides to a 
centre.! hole fitted with So vertical glass cv)inder. A 
horizontal pipe with bra.nchee in four dir'ectiollll W&a 

secured to this cylinder. each branch ~rovided lwith 
an earthenware coc~ Undertlle separator was a ead. 
hnea woOden tank, ! the purpose of catching the contents 
of the sep"rator, should the glass cylinder break from 
.any cause. The separator was provided with a skeleton 
frame cover. filled in with glasa. the sides sloping up to 
a fume pipe. for carrying off the fumrs; air pipes were 
led into the separator through the cover. On one side 
of the separator was a glass inspection window. on another 
side was an eartheuware cock, situated about 4" below 
the surface of the nitroglycerine. when it had separated 
from the acid. Wheu the separation was complete. the 
bulk of the nitro 1 cerine was run off throu h the earthen· 
w&.re coc 10 t e SI e 0 e separa or tu 0 t e pre lO11nary 
washwg t.a.nk. 'the waste acid was then run away 
through one of the branches on the bottom pipe. to the 
" after . separatin~ house." As soon as the rest of the 
nitroglycerine was aeen coming down into the glass 
cylinder, the earthenware cock leading to the after· 
separatin hoiiie was closed, and the one leadin to the 
pre·was tan was open, an e remaw er 0 he 
nltroglycerwe run wto fli18 tank.. Of the other two cocp 
at t~e bottom of the se~ara,tor, one was used for runninff 
any thICk sludge to t e h wasp. water settlw[ house, ' 
the other was connected to t&e " drownwg tan h 

In 'some factOries, wstelld 01 a dosed separator. an open 
lead· lined tank was, and is stilL used. The nitroglycerine, 
as it separates from the waste acid. is removed from the 
tank by hand. by means of a metal skimmer. and trans· 
ferred little by little to the preliminary washing tank. 

In the apparatus just described, it will be noticed that 
there are several earthenware cocks, in fact, earthenware 
cocks were until com arativel recently a feature of all 
t1i'6'jiIiilt em~oy w t e manu re 0 Ul og y.:erine. 
These cockiiave always 6e6n regarded as a source of 
danger, owing to the possibility of friction being set up 
between the body of the cock and the key, when the 
latter was manipulated, should any foreign gritty sub· 
stance be present. Where nitroglrerine only had to 
be run out of a ve!l8el, It had been ound possible to do 
away Wltli the use'-of earthenware cockS. w a manner 
which Will be referred to presently, but the same system 
could not be applied where acids or acid nitrogly.:erine 
had to be dealt with. We had at the Royal Gunpowder 
Factory done away with the use of earthenware cocks 
in all thepTant subse ueut to the se aratOr. burtIi6 

a a as W e nl rating apparatus, an w 
the ' se~ator, In January of that YCllr, the danger 
inclden to the use of e&rthenware cocks W8.8 brought 
home to UI in a forcible manner. ShortJy &it« the 
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charge had been ron out of the nitrating apparatus, 
an eJ;:plosion occnrred in one of the earthenware cocks leading to the drowning tank. The cock wa£ not being used at the moment the eJ;:plosion occurred, and the 
explosion was therefore probably due to the lodgement 
.in a depres.qion of the key, of a trac.e of acid nitrorlycerine. If the apparatu~ had contained the charge, a 8'_1 ious accident must inevitablv have occurred. This accident 
emphasised the necessity of doing away with the earthenware cocks still remaining in our plant, through which nitroglycerine pas&OO, and the idea occurred to us thl1t. 
tbis would be accomplished if we could remove the nitroglycerine, which on the completion of nitration separates -' out on the surface of the acid. from the top of the apparatus, 
instead of from the bottom. The simplest way to effect this was, if possible, to raise the whole of the contents 
of the apparatus, so that the nitroglycerine should flow over a suitable arrangement in the cover, and ron by gravity into the pre-wash tank. The best method for 
raising the level of the separated nitroglycerine was to introduce some inert liquid below the nitroglycerine, and the liquid obviously most suitable for the purpose was waste acid from a previO'Us charge. Waste acid was the liquid we selected, and the form of apparatus eventually adopted to carry out this principle is shown in diagram 6. The constroction and method of working this apparatus we will now describe. 

The .. nitrator-scparator," as we prefer to call it, 
consists of a c~'lindrical lead vessel with a bottom sloping in one direction, and containing cooling coils and air pipes, the number depending upon the size of the vessel. The cooling coils enter and leave the vessel through its sides, just below the surface of the nitrating acid, as do also the air pipes. The cooling water is led in and led 
out again through one main pipe controlled by a single cock, the coils themselves branch away from this main 
pipe inside the vessel. The supports for the coils are of lead and are formed by loading up between the turns; this arrangement obviates the use of lead covered iron supports, and entirely does away with interstices in which nitroglycerine or sulphate cau lodge. Thtl cover is conical, and is burnt on to the cylindrical portion. The cover terminates in a cvlinder of sman diameter open at the top and providcd with gl8.-"I! inspection windows; the ouly other fitting in the cover is a gland 

through which the thermometer passes. A pipe is fixed in one side of the cylinder, from which another pipe . branches, for carrying away the fumes. A suction is produced in this pipe by means of an air jet. Beyond 
this fume pipe, the_~ipe from the cylinder opem out into a gutter leading into the pre-wash tank. The pipe for conveying the nitrating acid as well as the waste acid for displacement, enters the apparatus at the bottom. The pipe is carried vcrtically downwards below the 
level of the bottom of the apparatus, and then rises again into it; the object of this arrangement is to pr:event the possibility of nitroglycerine gl"tting into the acid 
supply pipe. There are two branches on this pipe, each with an earthenware cock; one branch leads into the droWning ta:Iik; the other to the waste acid egg. The 
drowning cock is conn-olled by means of a long rod 
terminating in a handle, situated on the operating platforlll- By turning this handle through a quarter of a 
circle, the drowning cock is opened, and allows the whole of tbe contents of the nitrator-separator to discharge into the drowning tank. Attached to the key of the drowning 
cock are two other cocks, one on the drowning tank compressed air pipe, the other on the water supply pipe, so that by turning the handle, not only is the drowning 
cock opened, but the drOwning tank compressed air supply is turned on, and water is al~o admitted to the 
drowning tank. The drowning tank is always kept full of water, and is provided with an overflow, so that 
the water is being continually renewed during the
dro~ of the charge. This drowning arrangement has the advantage of simplicity, and the continual supplv of cold water keeps down the temperature due to the mixing of a large volume of acid with the water, and 
also allows of . a smaller drowning tank for any given 
charge: 

The waste acid from the previous charge having been 

run o~t of the vcssel, the cock on the nitrating acid tank 18 opened, and the aCId allowed to run into the 
nitrator-separator by opening the cock on the lI<!id supplv pipe. As soon as the acid has all run in, the cock oD. 
the nitrating acid tank is closed, as well as the cock on tbe acid supply pipe. The nitrating aeid haVing been 
brought to the desired temperatUIe by means of th~ 
cooling coils , the injector is inserted through the open top of the apparatus, and the nitration commenced. The temperature of the cooling water which floW!; through 
the coils, is regulated so that the total time of nitration for any given charge is kept con<tant within fairly narrow 
limits, both su=er and winter. To enable this to be done the water is refrigerated when nece<sarv. The advantages of u~ing refrigcr&te<l water are, that nitration is completed in a reasons ble time, 10$5 of nitric acid 
due to volatilisation is reduced to a minimum, and the time of nitration beiug coostan_t, enable.; the whole of the operatioDB in the factory to be carried out 
systematically. The volatilised nitric acid is carried away to a Guttmann condenSing tower, provided~l,,'l1T with a liquid crrculatmg arrangement; this allows t'\~ij of a complete condensation of the fumes, and the 
recovery of about 18 lb. of nitric acid of asp. gr. of 1'320 per ton of nitroglycerine produced. When nitration is completed the injector is removed and the nitro
glycerine allowed to separate for a few minutes. The cock leading from the displacement waste acid tank is then opened. and waste acid is allowed to enter the apparatus at the bottom, by opening the cock in the ' 
acid supply pipe. The rate of in1Iow of displacing acid can be regulated with the utmost nicety, 80 as to allow of the nitroglycerine as it separates flowing over through the gutter into the pre-wash tank. The dividing line between the clear nitroglycerine and the acid is watched through the in~pection windoW'&. 

The advantages of separating the nitroglycerine in the nitrator-separator are, that the nitroglycerine is removed from the acid as quickly as it separates, the cooling coils, which did not exist in the old form of 
separator, are a great safeguaro against any undue rise in temperature, which could only be dealt with formerly by drowning the charge; and any flocculent matter separating from the charge is distributed throughout the whole bulk of the nin-ogl:-cerine. instead of accumu
lating, as formerly, as a thick sludge between the nitro
glycerine and the waste acid. When the separation is 
complete, a clear line of demarkation between the nitzo
glycerine and the waste acid appears in the inspection windows. . 

The nitrator.aeparator is left full of waste acid until 
it is required for the nitration of another charge. The result of this is that no part of the interior of the apparatus 
is exposed to acid fumes, and its durabilitv is increased 
to a very remarkable extent. In the old fomi' of apparatus 
where this could not be done, and wbere the coils entered through the cover, it was necessarr to remove the cover and the coils as often as once ~ every three montha 
to repair thelll- The new pattern apparatus was ~ 
use. for . zt years ~thout being opent>jl up. After that penod It was oODBldered desirable to remove the cover 
for inspection. The whole of the interior of the apparatus, 
as well as the cooling coils and the air pipes., were found to be as good as new, and no repairs of any kind werEO 
necessary. As a precaution, .the cooling co~s are tested every week, before commencmg work, by alT pressure; any leak would be at once detected by the escape of air through the waste acid. . 

Preliminary 1C(l8hing.-The old pattern of jire-wash 
tank was fitted with two earthenware cocks, tbe upper one for running off the washing waters, the lower one for running off the nitroglycerine to the washing bouRe. 
The air pipe for agitating the charge during pre.washing operations was laid 1()()S8ly on the bottom; another was led into the bottom faucit down the inside of the tank ; the tank was open at the top. 

The pre.wash tank now in use has no cocks. It h&s a fixed lead cover with an opening covered with a small rubber flap. There iB a fume pipe in the cover, for removing the fumes- The washing waten are rua off 
through a skimmer of pure rubber, in the form of a tube, 
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the top expands into a funnel provided with a loop handfe. also of rnbber. By means of this handle. the operator depresses the skimmer gradually. and allows the wash
water. as it sepa rates, to fiow over ~he edge o~ the ~unnel and away dO\\"\1 the tube. The skimmer delivers IDto 1\ labyrinth where the bulk of tbe nitroglycerine contained in the wash water separates out. This nitroglycerine is drawn off into a rubber bucket, and returned to the 
pre-was~nlL The bottom .!aucit has secured to it a n1bber tube. During the pre-washing this tube is in 
position on a perforated plug, into which compressed air is led; this ensures the nitroglycerine in the rubber tube being pre-washed along with the rest of the chnrge. The nir pipe in the pre.wash tank, instead of being laid 
loose inside, is burnt on to the under-side of the bottom. 
The air holes are pierced through the botto m, and are bushed with ebonite plt'lgs. to prevent wear. The advan
tages of this form of air ~ipe a re, that it entirely removes the risk of any friction between the a ir pipe and the bottom of the tank which migh t be set up by vibration 
due to escaping air when the pipe is loose, it gives a perfectly flat surface on which no sulphnte or other solid impurities can lodge, and it facilitates the cleaning out 

'he tank between the charges. The pre-washing is 
~ted by means of water, sodn solution being used for the last pre.washing to render the nitroglycerine 

alkaline before it is run down into the washing house. When the charge is ready for sending down to the washing bouse, the end of the rubber runnin off i e is slipped off its plug an p :tce on a xe noZZ e on the end of the gutter leading to the washing house. No clamp of any sort is used on this i e. either to cut off or to re late t e ou ow 0 DJ ,rog ycenne ; an ressure is slIfficient 
fo'r ese pllrpos€S. e ~ tter connectmg= the prewash tank to the washing hou'se t::i!ll<. P3;5.'lCS throll h t e 
o~n, and £0 prevent freezmg 01 the nitrog ycerine during thTcold weather. it is provided with an outer j'lcket. (See Diagram 7.) Warm water is circubted between 
the gutter and the jacket when the external temperature renders this necessary. In order to have a gutter with a perfectly smooth even surface, the old system of lap
jointing has been replaced by a butt jointed gutter, scraped smooth on the inside. This pattern of gutter has !>!len in use for years, and has shown no signs of developing cracks or unevenness, whieh were of not 
unfreqnent occurrence in the case of lap-jointed gutters. The gutter instead of being covered with ,.f -shaped heavy wooden covers. is protected by means of a canvas covering fixed along one edge and laced down on the other. so tUI to enahle it to turn back readily for cleaning purposes. 
After a charge has been run down. the gutter is wiped along its whole length with a flannel in the direction 
( 'I washing' house, to remove all traces of nitroglycerine. 

a8hing.-The old washing tank was usually a wooden 
tank lined with lead and provided with cocks, one at the bottom for running off the nitroglycerine, and one 
or more skimming cocks at different levels- An alternative arrangement for running off the wash-water was a skimmer, a saucer-shaped vessel attached to a rubber 
pipe. which led out through the side of the tank to the 
wash-water gutter. The early form of skimmer was of lead &Od was supported hy means of a rope and counter 
weight. Later patterns were made of lighter materiaL
for examfle. sheet brass covered with rubber cloth. The use 0 the skimmer got rid of the earthenware cocks for running off the wash-water, hut the objectionable bottom cock for running off the nitroglycerine remained. 
The pattern of tank now ID use at the ROyal Gunpowder Factory is made of heavy lead without any wood casing. It has no cockss, . The,air pipe is an underneath one on 
the same hnes as the one in the pro-wash tank, but the 
wear of the air holes is so sli~ht that it has not been found necessary to bush them with ebonite. The skimmer h:us no saucer-shaped top to it. it is entirely of rubber and exactly similar to the onc in use at the pre-wash 
tank. The nitroglycerine is run off through a rubber tube in the same W;\y as it is run off from the pre-wash tanlL The wash-waters are run through a labyrinth_ The nitroglycerine is cllfried by a watcr-jacketted gutter to the filtering and mixing house_ The drowning arrange
ments are on the same lines as those of the nitrating 

house. The washing tank is provided with a hood of rubber cloth with a funnel, also of rubber cloth. passing out through a hole in the rooL An air· jet is inserted 
in the funnel, and nil fumes are r emo vtd from the house. To enable the operator to know how much washing 
waters to add and when the v have been removed. 'an inch scale is marked down the in side of tho tank. This 
arrangement obvi!ltes the use of a loose me .suring rod. 

Just prior to running down the charge of nitroglycerine from the pre-wash tank, some warm soda solution is 
sent down the ~tter from the nitratin~ house. This is immediately followed by the charge of nitroglycerine. 
and the charge of nitroglycerine is itself immediately followed by some more warm 3O<ia solutiolL Purification of the nitroglycerine in the washing tank is effected 
by washing it with warm weak soda solution. agitation of the contents of the tank being kept up all the time by the means of compressed air_ To remove the sodium 
carbonate as far as possible, the last two washings, at least. are carried out with warm wa ter-

The water available at the Royal Gnnpowder Fa.ctory 
is very hard, and in course of time the interior of the washing tank showed a tendency to become coated with an extremely hard deposit consisting chiefly of carbonate of lime. To prevent the formation of this very objectionahle scale, the practice now is to soften the water and to filter it very carefully before nse_ The 
softening and filtering processes are applied to all washing water used in the manufacture of nitroglycerine, and the softened and filtered water, as well as the soda solution at the proper temperature, are snpplied to all the houses from main supply tanks in the charge house. This arrangement does away with the making up of soda 
solutions and the heating of water in any of the houses themselves. 

An important feature in connection with the washing operation is the design of the washing tank, 
as affecting the total depth of liquid it contain.s. The greater the depth, the longer is the time the nitroglycerine takes to separate from the washing waters. 
Two series of experiments on this point ha..-o been carried out at diderent times- The depth of liquid 
was varied. the proportion of nitroglycerine to washing water remaining constant. In one case the total depth of liquid wa.s 27i inches. in the other 18! inches.. With the greater depth of liquid the mean time of separation 
of the first washings of a number of charges was 3-li minutes in the firs"t series. and 2Sl in the second; with the lesser depth of liquid the m~ time of separation of the first w~hings of a number of charget' Wll.II 10 minutes in the first series, and 9! minutes in the secon<i 

FiUration.-The fJtration of the nitroglycerine is 
generally carried out in the waohing house in & lead lined wood tanlL This tank is provided with & cover in which a cylinder. open at both ends, is pl:u:ed; the 
bottom of the cylinder is closed by means of a wire gauze attached to a solid metal ring, and this supports & fiannel 
bag filled with salt.. The nitro~ycerine runs through the salt filter into the body of the tank, moisture being 'absorbed hy the salt and any fiDcculent matter being 
retained on the bag. The nitroglycerine is run out 
of the ta.nk t~h an ca.rthwaro cock into some 8Ultable ves861 p on scales for weighiIlg the charge. 
The cylinder, the wire gauze with ring, and the bag of salt, were all of necessity removable, and at the end of the day' s work, or oftener if necessary, the salt bag 
had to be renewed, and the salt dissolved in warm .... ater 
to recover any nitroglycerine it mi6ht contain. 

The filter ta.nk at the Royal Gunpowder Factory is a plain lead tank with ... hed false bottom of porfoC&ted 
lead, a layer of sponges sewn up in flannel is laid on the falbO bottom. The nitroglycerine is run on to the surfa.ce 
of the sponge bags. through which it filters. The sponges retain the moisture &Od any tioccclent matter. Aa often as is nccessa.ry the sponges are removed and wnlUg by hand. to free them from water and any nitroglycerine. For drawing orl the nitroglycerine the usu"-' rubber tube is employed. Instead of using a movable ves:f6l on scales, the ecitrog:lycerine is run into a fixed burette of lead provfd at ihe-' top WIth a ..-ocr narrow 006ce. 
to aUow of a.ccurate measurement. The requisite charge. 



20-2 KATHAK &. RI~TOTJl~1\ITR(lGLYCERINE &, ITS UANUFACTURE. (March 16, 1006. 

measured in thi~ way, is emptied out. of the burotte, 
throu"h a rubber tu 1*. int{) rubber-lined ·c.anvas bag~ 
containing the weighed charge of guncotton. It will 
be seen that this pattern of filter tank, burette, and 
rubber bag, do away with all movable ' al?parat.us, 
u,nding to very much greater safety in the m.aDlpulahon 
of the pure nitroglycerine. The substitutIOn of the 
sponge filter for the salt filter, reduces the am()~nt of sodium in the finished explosive, which is not without 
its effect on the luminosity of its flame. ' . . : . 

The charge is sampled from the filter tank.. The 
sample is taken in small l!Uttapercha bottles about.. the 
middle of the running off of the charge, precautIOns 
being taken to obtain an absolutely fair aample_ 

The heat-test is the most important test to which 
nitroglycerine is S\l bjected. EXl"'rimente carried out 
some time ago demonstrated that the heat-test .was 
very much inflnenced by the percentage of sodIUm 
carbonate retained in the finished nitroglycerine_ These 
e:l.periments were very instructive, and the following 
is a brief resume of the results :-

Heat teat at 180· .1'. 

I. II. 

miIlA. mina. Nitroglycerine-
From filter tank . .. ... . .. . .. . .. . 88 70 A1ter drying in d""iC("ntor (sodium 

carbonate retained) .. . .... .. .. . 57 66 .A.lter ...... hing with distiUed .... ater 
and dr);ng in desiccator .. . . . . . 20 .A.lter thorougb filtratlon through 
paper . . .... . ....... .. ...... . . 21 18 

To obtain true results. therefore, the sample should be 
thoroughly freed from sodium carbonate before. heat
testing. Nitroglycerine is also tested for mOisture, 
aliu..linity and nitrogen content. 

lI"a.lh·waters.-All the waters used for washing nitro
glycerine and plant, are run down lead gutters into a large 
wooden tank in the wash-water settling house, the contents {)f the tank being kept agitated by means of compressed 
air_ At the end of the day's work, the air is shut off, 
and any nitroglycerine present is allowed to sett.]e out, 
and is drawn off through the usual rubber pipe into 
buckets and returned to the prelimiuary washing tank 
in the nitrating house. At the end of the week the mud, 
consisting mostly of sulphates holding a certain propDrtion 
of nitroglycerine, is removed from the wash-water settling 
tank to flannel filters suspended over a small lead wa.!'hing 
tank. The nitroglycerine is washed out of the mud 
by means of hot water and soda solution_ Tilis treatment has the advantages of removing nitroglycerine, rendering the mud alkaline and converting the sulphates originally 
present into carbonates; the mud in this condition is mucb less likely to decompose_ Analyses have shown 
as much as 80 per cent. of lead sulphate in tbe mud as removed from tbe wash-water settling tank, practically 
the whole of which is converted into lead caroonate by 
the alkaline treatment_ The mud is subsequently wrung in flannel to remove the last traces of nitroglycerine and then mixed witb paraffin and burnt. 

Since the adoption of labyrinths in the nitrating and 
washm houses for a the wash-w r tlll-ough, 
the quanttty 0 nitrog ycerine which finds ite way down 
to the wasb-water settling tank bas been very materially reduced. Formerly, the quantity of nitroglycerine recovered from the wash-water settling tank amounted 
to about 4t per cent. of the nitrog:lycerine manufactured. 
The percentage now is about 1,. The better settling 
now given to the nitrating acid, and the use of 8<lftened 
water have materially reduced tbe amount of mud. 
Whereas formerly the mud amonnted to about half per cent. of the nitroglycerine, it is now only one quarter 
per cent. 

A/tu-&eparation.-The after-separating house con
tained large lead vessels with conical tops provided 
with a small Illass seraration cylinder in the centre. The small quantities 0 nitroglycerine settling out from 

the waste acid were removed from tim" to timt- by mean, 
of a metal skimmer, and drowlIed ill a small -washinc 
tank full of water. Apart from the fact that d,:. 
compositions of the acid nitroglycerine occasionalh' 
took place, this house was an expensive one to inst.;1 
and maintain, and required constant sunervision a ~ 
long as any waste acid was present in it. The quantity 
of nitroglycerine that was recovered was incommensurat~ 
vcith the labour required and the cost of maintainin ~ . the installation. e 

The after-separating house bas for some time ceased 
to exist at the P.<lyal Gunpowder Factory. To enabk 
us to dispense with this house, we made use of the faCT 
that thp. addition of water to the waste acid not only 
prevented the formation of more uitroglycerine, b,;t 
absorbed any nitroglycerin.,e existing as such in a fin, · 
state of division in the waste acid. In the original experiments it "WaS ascertained that at the normal workino 
temperature of the factory, viz., from 100 C., to 150 C~~ 
the addition of 2 per cent. of water sufficed to prevent 
the separation {)f nitroglycerine from the . waste acid 01. 
storage. An accident with a drum of nitroglycerine 
waste acid, which occurred at an acid factory in January. 1906, led to further experiments being carried out by us 
on this point. Waste acids from actual nitratioru; wer,· 
operated upDn. These were kept at various temperatures 
for considerable periods vcithout and with .an addition 
of 2 per cent. and 5 per cent. of water. The result~ 
showed that when any nitroglycerine did separate from 
the acids, the quantity separated varied inversely with 
the temperature of storage, that 2 per cent. of water 
did not entirely prevent the separation of nitroglycerine 
below 100 C., and that with 5 per cent. of water no nitro
glycerine separated, even when the acids were kept at a 
temperature of 00 C. Experiments carried out at the 
same time, in which nitroglycerine wa., actually added 
to waste acids containing different percentages of added 
water at the same, and at different, temperatures, brought 
out the fact that the absorptive power of the acids 
increased with the increasing percentages of water, and 
with rise of temperature. These latter experiments 
el':plained the cause of the phenomena observed in the 
manufacturing experiments referred to above. 

The study of the influence of the addition of. water 
to waste acid led to the method of dealing with waste 
acid by after-separation in a special house being 
abandoned in favour ' of a simpler and less expensh-e 
method. The -waste acid is no .... allowed to remain in 
the nitrator-separator nntil it is required for another 
nitration, any nitroglycerine separating in the interval 
being displaced in the usual way into the pre-wash tank. 
This further separation of the nitroglycerine is promoted 
by cooling down the' waste acid. When the nitrator 
is to be emptied, every trace of nitroglycerine is removed 
from the surface of the acid; the quantity of waste 
acid required for the displacement of a subsequent charge 
is then run out of the nitrator into an egg, and blo..-n 
into the displacing acid tank in the charge house. To 
the remainder of the waste 4Ci<l in the nitrator, 2 per 
cent. of water is added, the contents of the nitrator, 
meanwhile, being strongly agitated by means of com
pressed air. The waste acid is then s~t into an egg 
and blown over to & tank in the denitrfting house. As 
a further precaution against a possible separation of 
nitroglycerine, all waste acid is kept at a temperature 
of about 150 C_ 

The plant and the s.J8tems of manufacture we have 
described in detail, 1l.re shown diagrammatically on 
diagrams No. 6 and No_ 7. Diagram No. 6 exhibits a 
factory typical .of m~ny in thiscou.ntryand. abroad. Diagram No. 7 18 a diagram of the rutroglycenne plant 
of the Royal Gunpowder Factory and of some other 
English and. foreign works. The plants shown on the 
diagrams are both for the nitration of a charge of 
1320 lb. of glycerine_ The Royal Gunpowder Factory 
diagram No. 7 differs from the factory shown on diagram 
Xo. 6 in the following main points :-

1. Reduced total elevation 16 ft., against 331 ft., 
measuring from the top of the nitrator to the bottom 
of the wash water settling tank. 

2. Less total ground area. The simplest way to 
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estimate this is to take the num~r of the gutters, con· necting house to house. In diagram 6 plant there are 
5 such gutters, in diagram 7 plant only 3, so that the 
respective ground areas are as 5 to 3. For a 5,000 lb. 
limit of nitroglvcerine the length of each connecting gutter measured from outside to outside of any two 
houses, must be, according to the Home Office distances, 
51 vards. 

3~ Omi3sion of the separating house. 
4. Omission of the after· separating house. 
5. Fewer pieces of apparatus. For nitrating and 

separating there are 5 vessels in diagram ·6 plant and 
2 in diagram 7 plant; for di,.gram 6 plant there is also 
the addition of the after.separating hon.se apparatus. 

6. Abolition of all cocks, except those for acid to 
and from the nitrator.separator. 

7. ~as1lI'in:g . acids, glycerine, and nitroglycerine, insteal'of welghmg them. 
8. Introduction of labyrinths for all washing waters. 
9. Simplification of plant generally. 
The Royal Gunpowde~ Factory plant tends to increased 

safety in man$cture for the following reasons :- . 
I. The absence of earthenware cocks removes the · 

risks attendant on their use. These risks are, friction 
due to . the presence of some foreign substance, jamming 

,~'. ~ to nitroglycerine freezing or through want of lubrica.- : .< ,and decomposition of acid nitroglycerine lodging . lu them. 
2. The removal of the nitroglycerine from contact with the acid as it separates out from it. 
3. The presence of the cooling coils during separation in the nitrator.separator. . 
4. In factories where nitration and separation are 

carried out in separate houses, the undesirablc operation 
of running the mixture of acids and nitroglycerine down . a more or less exposed gutter is avoided. . 

It is important to note from the point of view of risk 
to personnel, that for any given output, fewer men are 
required for working diagram 7 plant than for working 
diagram 6 plant, and the whole of the former plant being 
enclosed and provided with arrangements for carrying 
off both acid and nitroglycerine fumes, the men work 
unde~ much mo~ healthy and pleasant conditions. In addltlOn to the mcreased yield. amounting to at least 
15 per cent., there are many other economical advantages 
which it is unnecessary to enumerate. 

We wish in conclusion to refer to a matter we considcr 
of paramount importance in connection with the safe 
manufacture of nitroglycerine. and that is the absolute 
necessity of entirely dispensing with the use of any heavy 
or hard loose tools and implements in the houses. The 
abolition of all such articles has been a guiding principle 
with us in designing and perfecting the plant which we 
have described, and that we have succeeded in accom· pl:ebing this will be evident from an inspection of the 

of tooL~ and implements allowed in the various 
L ...... Ses. 

The lists of authorised articles are termed" Use lists," 
and the use lists for the various houses are as follows :-

.Art! cl.,. . 

Baga. robber . . ... 
BoW.,.. guttapercha 
Bnckets, robber ... 
CoveR, bncket, 

guttapercba ... . 
F1annelo ......... . 
GanntJets, robber . 
GlUlDtlets, leather 
Ovenhoee, robber 
Soela ........... . 
Thermometers .. • _ 

. ; Wasbwate Flltering . I j NltraUng ·Washlng I settling and mixing bOWle . , hoWle. bonse. house. , ' 
, I 

j 

! 

I 

I 

6 

6 
3 

e 
2 

2 

2 

1 
12 

2 

2 

2 

The list for anyone house is posted upon a board 
near the entrance of that house. This board also shows 
~he quantity of explosives and the number of men allowed 
m the. house in. accordance with the usual practice in explo'!Ives factones as required by His ~Iajesty's Inspectors of Explosives. 

Some of the more recent accidents which have occurred 

in nitroglycerine manufacture have been attributed to 
the dropping or fall, or knocking over of some heavy 
tool or implement, and in view of the fact that we have 
proved that the presence of any such articles in houses 
\!Sed for the manufacture of nitroglycerine is absolutely 
unnecessary, we venture to hope that it will not be long 
before His Majesty's Inspectors of Explosives will require 
that tools and implements likely to cause an accident 
shall be excluded altogether from the houses, and that 
" use lists .. shall be affixed to every house in the same 
way that" limits" of explosives and men now a.re. 

We are indebted to the .Master General of the Ordnance 
for permission to publish this paper. 

DISCUSSION. 

The CHAIRMAN mentioned the difficnlties which in the 
early days attended the use of glycerin prepared from 
soap lyes in the manufacture of nitroglycerin. Frequently 
there was a separation of flocculent matter, sometimes 
honeycombing the whole ma.ss of the nitroglycerin. The 
authors had mentioned impure acid as causing this abnor
mality; but in his own experiments chemically pure acid 
wus always used. He could mention several substances 
which, added in minute quantities to the glycerin, 
wonld produce the separation of flocculent matter. 
Moreover, this fiocculent matter was not only confined 
to soap lye glycerin. He should therefore like to ask 
whether the authors could throw any further light upon 
the cause of this separation. He noticed that they had 
got over the difficulty ill a very ingenious manner by 
floating it off. Regarding the reaction of the rulpho. 
esters of glycerol, some light might be thrown on the 
equat.ion by the fact that on trying to prepare glycerides 
from glycerine sulphate with fatty acids, only mono· and 
di .glycerides, and not tri·glycerides were obtained. 

Mr. H. F. DONALDSOS referred to the great advantages 
which accrued from every effort to eliminate danger in 
ha=rdous operations which attached to such thin!(1! as 
c()('.ks in the nitroglycerin apparatus. and to the e:xciusion 
of all bllt absolutely necessary movable appliances in 
houses devoted to this manuiacture. The paper con
tained valuable information on the chemical side of the 
question, I\S it certainly did on the safety of perwnnel. Lt.·CoL Sir Hn.ARO BARLOW said the point of greatest 
intere~t to him in connectiun with any paper on explosives 
W!1.8 that of safety. AIl who had w do with the British 
~rkman would know tile extraoraIDary Im~rtance 01 fuiiiUng, If poSSible. every safety appliance ID Ractory 
automatic; ~.g., t.hey would grasp the importance of 
getting rid of stop--cocks for nitro",lycerin and using 
instead an india·rubber pipe. He inight also refer to 
the necessity of preventing every sort of movable 
apparatus, especially things of weight, being in the work
shops, and having everything that was possible fastenp,d 
to the walls 80 that the" could not be moved. Sir 
Frederick N'athan had reduced that to &. fine arL 
Unfortunately, in his own department he had a large 
number of tools, gauges. etc., which could not be 80 
fastened, but it was deRirable that ~u"h arran~ments as 
had been suggested should be made a~ far as Possible. 

Prof. R ~lJ:LDOU. thought that the investigation of 
the fiocculent matter referred to in the paper as well as 
by the Chairman might throw some light on the course 
ot chemical events. It might be due to the glycerin; 
and he asked whether it was used as it came from the 
makers; or" did it go through any process of purifica. 
tion 1 That.joomed to be one of the independent variables 
they had not heard much about. He presumed that the 
quality of the commercial glycerin varied according to 
sou.rce, and it might introduce fluctuating elements. 
which would have to be reckoned wit-h. 

Mr. ~. 'F. RnD said not only had the impro'l'ed arra~· . menta mtroduced bv the authors reRUlted in A. ~uction 
of risk to the work.people. but this had been attended 
with great economy. They knew that a yield of nitro
glycerin of from 214 to 216 per cent. used to be considered 
very good, wh6reas they had now got to 2:..">9 peT cent_ or over. 

The separation of nitroglycerin from the WA.ste acids 
WI\S first done by the Boutmy.Faucher process. Sulpho-
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{!Iycerin WIIS made by mixing ~lycerin . with Iilllphuric acid, during whieh operation a certain amount of heat was liberated ; and it WII.F supposed that when this sulpho.glycerin was nitrnted there would be a smaller 
"volution of heat and consequently less dan~r; but as a matter of fact the revcrse W&.6 the case. There 
was such a slow separation of nitroglycerin from 
the waste acids that they frequently fired., and 
consequently the procell8 had to be aoond?Ded.. The scum which formed between the nitroglycenu and the acida after nitrnting was really a collection of ve~iclel\; and when this was filtcred thron!(h sand, a very small 
quantity of impurity was obtained in which he had found fatty acids, iron, and lead, but in wbat particular 
form they existed. and why tbey formed that particular vesicular structure between the two layers of liquid, it was difficult to say. Hc would be interested. to hear 
from th{l authors whether they now frequently came across glycerin which caused trouble in nitration or 
separation. Re believed that now the manufacturers cf glycerin knew what was required w well th:\t they 
produced an article much more regular in quality and safer than it used to be. 

He had rl't'ently tested a number of glycerins of various 
0~6, by nitrating in vacuum vesselR, in order t~ measure the amount of heat produced. and had obtained some rather curious results; but he had not been able exactly to find out the particular bodies which produced these different results between' glycerins which by the ordinary tests showed no difference whatever though there was a grea.t difference in nitrating. In distilling glycerin no doubt some fatty acids paSAed over which were of the 
aame boiling point, and when these were nitrated they were not so easily purified, and might produce unexpected results. With regard to the separation, in this plant he thought a most ingenious method had been devised for 
raising the whole body of liquid instead of llkimming off or separating in a separating funnel Many yean; ago he tried a method which worked VfSry well, but he abandonoo it for reasons partly connected with the safety of the 
work.people, and partly from difficulty in the mechanical arrangements; he lowered & vessel of lead into the liquid thus causing the latter to ri.'IC and the top layer .tIowed over a lip at tht" side. Possibly some modifications of that procellS might be ntilised if there was any reason whv fresh acid IIhould not be addt"d; bnt as this was usUally not the case the method described that evening 
was one which ought to be adopted in every factory. He should like to ask with regard to the drowninl! arrange· ments whether the drowning tap had beeD olien used, 
and whether there was a sufficiently rapid emptying of thtd'krge t() prevetl over-hea.t§k. 

Drng the wa 81so dimmated a great danger. 
Sometimes !(1lllcotton or collodion cotton 'did not pass the !leat test; this 'WIL8 no doubt often owing to the water used in the manufacture. As to the question of 
sodium carbonate in the nitroglycerin, Sir Frederick Nathan made a very pertinent remark with regard to its action on the flame, although he nndeI'lltood a certain 
percentage was considered necessary for it to pass the heat test. 

Major CoOPER-KJ:y said that, although they did not call on manufacturers to have" Use lists" hung np in all the buildings on account of the expense, they would 
be exceedinJdy glad if they did do ao, and he hoped the suggestion thrown out that evenin~ might le>l.d to their general adoption. Although the Home Office Inspectors 
did not insist OD their being posted up, they acted in the spirit of the regulation by refusinlf to allow any article, either hard or heavy, to be present m any shed containing 
nitroglycerin. 

Mr. R. B. POLLITT said he gathered that the authors considered that they could take the use of eight parts of mixed acid, and a yield of 216 per cent., lis representing 
modem practice, for the purpose of comparing the latter, with Waltham Abbey practice. bnt he thonght it wns 
too high a ratio and too Iowa yield to take. He knew from practical experience, and no doubt many others 
knew it also, that it 'Was quite possible to worl.:: "ith ""ven 
or seven and a quarter, parts of mi.:J;:ed acid of ordinary 

composition. containing about 5 per cent. of water. t" one part oi glycerin and to obtain an average yield of wp.ll over :!~O per cent. With regard to ktleping tl : ~ 
nitrating acid free from suspended mechanical impuritie~. 
it was surprising what a differenc~ it nw.dc. not ouly in the rate and sharpness of the pnmary separation, bllt 
also in the amount of nitroglycerin that found it!> "'''-'' to the secondary separators, and waste·water tanks. It was not difficult to prepare nitrating acid practicall y froe trom any suspended impurities; and the advanta!!<:,s 
gained much more than counterbalanced tbe sligh t extra cost involved. Working in the method referred to. 
and at a suitable tcmperature, 1ICC0ndary separators cun practically be dispensed with, without adding water (Q the waste acid. and the amount of nitroglycerin.bearill ;'; 
" mud" collecting in the waste-water tanks is greath' reduced. The authors stated that they keep the tem · 
pilrature of nitration practically the same. winter ar.d summer. but did not. he thought, say 'What it was, and it would be interesting to have the information. Eis 
own erperience was that the temperature of nitratiun should be kept as low as it could be without risk of an~ ' of the nitroglycerin freezing on the coils. 

Dr. R MKSSEL referred t.() his attempts, about 30 years 
ago, to introduce the use of fuming sulphuric acid in the explosive industry, partly for strengthening the mil.cd and waste acid&, partly for obtaining an increase in the yield of triuitrocellulose, then the chieL desideratnm in the manufacture of guncotton. A real demand for this acid did not spring up, however, until the manufaC'· ture of nitroglycerin came more to the fore and it wns sbown that its use resulted in a not inconsiderable increase 
in the yield of nitroglycerin. 

Mr. H. DE MOSEh"TH.A.L thought that it would not be right to leave the impression that private factories din not work as advantageously as the Royal Gunpowder Factory at Waltham Abbey "ith regard to yields. As u matter of fact private factories obtained yields quite a. good, if not better. The use of fuming sulphuric acid in the manufacture of nitroglycerin was introduced iu 
Great Britain, France, Germany, Italy, Austro·Hungary. Russia, the United Ststes. and South Africa several yearF prior to its introduction at Waltham Abbe} . 

Mr. OsCAR GU'lTI1llo'1l' ~d the labyrinth had been deVl8ed by Ilk Al8iik UedbeCk some 4U years ago, and he supplied lmproved drawings of it to Waltham Abbey. The sponge filter was used in the Boutmy-Faucher proc{ls,," 
and illustzated in his book, and a similar one had been described in 1847. At the factory at Paulillea, a sponge 
used for wiping up nitroglycerin from the washing tank, on being left in the open !lir, fired, and since that timl' its use had been abandoned, therefore a sponge filter 
should be carefully attended to. 

The CRAmlUN said nitroglyce$ manufacturers were 
at first only too prone to blame the glycerin. They rightly refused anything that did not comply with their requirements, but the glycerin makers had successfully 
fulfilled all their demands. It should,9 however, be pointed out that the nitroJdycerin makers showed by 
their own specifications some"burious notions as to possible 
impurities in glycerin. Thus they specifled that ~Iyceri? must not curate on paasing nitrous acid through It, theu idea evidently being that glycerin always contained 
oltlic acid. This specification was still in vogue. In reality glycerin was nowadays delivered of such purity 
that it was the last thing the nitroglycerin makers could 
blame. 

Sir F. NA.'l·~, in ~ply, said the point which had been most frequently referred to in the discuSSion was thtl 
presence of flocculent matter in nitroglycerin. Wh!,t it was, !Ir. Reid had described, but how to prevent It, and why it occurred with some .giyCerinR and not with 
others. 'Were questions which although they had been worked upon for a cousiderable time, had not yet been satisfactorily solved. Re was inclined to think howe,:er 
that· it was not the difficulty it used to be. Dyna.Dute !1;lycerin manufacturers probably knew their buslOess '&itter than they did, and they certainly produced .'I glycerin which did not give so much trouble from thiS 
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cause as it used to do. Again there was no doubt that 
nOW that, instead of its accumulating as a Il\yer between 
the nitroglycerin ann the waste acid as it did in the old 
form of Separator; it came up and was removed with 
the nitroglycerin during the separation in the new 
form of nitrator.separator; it gave no trouble. It no 
doubt resulted from the presence in the glycerin of 
resmoul\ substances; fatty acids and organic impurities, 
but ordinary chemical tests on ~lycerin as delivered 
in bulk fa iled to detect more of these su bstauees in one 
sample than in others. The Chairman had asked if they 
knew anything about di.nitroglycerin. and tetra·uitro· 
glycerin; he ?o~ld only s~y they l:ad devoten themRtllves 
entirely to tri'Dltroglycenn, and so far had not done 
any work on either of those other forms. Di·nitro· 
glycerin might have a fu t ure in connection with ex plo~ives, 
&Dd severnl patents had been taken out recently for its 
preparation and use, but as he had no e:s.perience with 
regru-d to it he hesitated to express any opinion. It 
appeared to him, however. that there would be some 
difficulty in gettinl?" pure dinitroglycerin free from 
other nitroglycerines. He ~as happy to say, in reply 
to ~r. Reid, that during his sirleen years at Waltham 
Abbey they had never had occa8ion to drown a charge, 
bnt they did know tbat their arrangements would meet 
the case if mUortunately it became necessary. They 
hac! ·"'st.OO. them.· and knew that the rate of drowning 
wa :Iy rapid, anll th.ey had the additional advantage 
that. "old water waa blllng added to the drowning tank 
along with the nitroglycerin and acid. As regards the 
average proportion of add to glycerin being in practice 
7 or 7! t-o I , their information rather tended to support 
the figure they bad quoted of 8 to I, which they believed 
was the figure used recently in most factories in this 

.1 country, and in Germany. The glycerin before boing 
used was submitted to all the usual chemical teRts and 
to the niirati,?n test, and that was not a laboratory one, 
because expenence showed that laboratory nitration t-ests 
were fallacious as a guide to wh.lt would happen in manu· 
fa.ct?re. From every consignment of glycerin ' they 
recelved a dntm was selected at haphazard and nitrated 
on the manufacturing scale, and only if it was MtiS· 
f~ctory di~ they accept the consignment. For a long 
t~me now It had not been necesSllry to rejACt any con
Signment O\TIng to its failing to pass this test_ With 
regard to the labyrinth referred to by :\1r. GuttmaDll, 
they had not been able to name the authorR of all their 
improvements. The idea of the labyrinth was certainlv 
mggested by ~fr. Guttmann many years ago, though 
not perhaps for quite the same purpose for which it was 
now nsed at Waltham .-\.bbey. ~lr. Guttmann suggested 
t.hat the ~byrinth should take the place of thee wash 
water settling tank and supplied a drawing of it as nsed 
:lot Hayie. They had rather extended the principle and 
put labyrinths in after e~ery vel\..ocl trom which washing 
water- 'Vere run. so as to trap IUI much nitroglyceriu as 
poss before it got down to the wnsh water settling 
house. He was glad to say they had not had any signs 
of any failure with the sponge filter. 

Mr. W. RnrroUL Mid a paper . by H. Lemaltre · on 
the analysis of nitroglycerin waste acid (~onit.. Scient., 
pec., 1907), had recently come to his notice, in which 
It was sug~sted that the nitroglycerin present could 
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SOME .A.PPLICATIO~S OF THE" CLARIFIC.HION 
TEST" TO SEWAGE AND EFFLUE.NTS. 

BY GILBERT JOHN FOWLXlt, D.SC., F.LO., 
S.uI EVA..."1S, B.!'lC. (TECH.), A.."D .a.RTBUR CHADWICK ODD lE. 

. Inlroduciion.-In a paper read before this Societv 
m Ma.", 1905,(1) attention WIIS drawn to the importance 
?f determining the proportion of the suspt'nded matter 
m sewage and effluents which is present in the colloidal 
state, or in a state of fine division or emulsion as this 
constitutes pote':ltial solid matter wbich has to' be ulti
mately dealt ,":Ith. Reference wa., made to previouR 
wor~ on the subJec~(~) and a number of results were given. 
obtamed by submlttmg samples of sewage from ..-arious 
~ourCeR and of se~'age and sept~c tank effluent, to dialysis 
m parchment cylmders. The lmportance of the subject 
has been since ful.ly re<;ognise?-- and numerous paper3 (3) 
have appe.ared dealmg With ..-aClOUS &Spe<'ts of the question. 

The object of the present paper is to record a number 
of results which have been obtained by precipitation 
of the colloidal and finC')y suspended matteC'! bv means 
of b,=,ic ferric acetate,. a method originally suggested 
by Rubner, (~) and mentIOned by Fowler and Ardern in 
the J?8per. already referred to. (~) which, for the sake of 
bre.vlt.v. I~ here spoken of as the "clarification test." 
ThIS method has hf.en found to yield as iastructi"e 
resul~ as the method of ~ialysis, while it occupies much 
less tlme, and probably, m conseqnence, is less liable to 
error. 

Clarification tw.-The method adopted is as follows :_ 
To 200 C.c. of the sample in a conical flask are added 
2 C.c. of a 5 per cent. solution of sodium acetate and 
2 C.c. of 10 per cent. ferric ammonium alum solution, 
the w~ole shaken and placed over a Bunsen burner. 
Immed18tely the liquid begins to boil the flame is turned 
down and the liquid kept. just on the boil for two minutes 
~t i, th-:n remo~ed, cooled under the tap, and filtered: 
mtrodu.cmg as lIt~le of the precipiu.te on to the paper 
as p-osslble. In thlS way a clear filtrate is obtained which 
therefore, may be taken for practical purpo~~ to contai~ 
only substances in .. true" solution. The filtrate is 
then. analysed and the results compared with those 
obtamed before clarification. 

The precise p!'Iriod .and OIet~od of boiling were chosen 
after a number of truL. as belIl~ those which allowed no 
more Iiqnid to be evaporated than was equal to the volume 
?f the reagents added, the concentration of the sample 
L, thus unaffected by the clarification. A number of 
b~nk experiments showed that, at any rate in dealing 
With se.w:age &nd effluents, the errors introduced bv 
the addition .of reagents and by the use of ordinary filter 
paper were. m.a.pp~ciable, especially &8 the chief value 
of the ~t lies In Ita use &8 a rapid method of comparing 
a number of samples, &ny small error therefore being 
co=on to &11. .r~ 

The exact method of estimating the amount of oxidis. 
!,ble matter present ~ the unclarified and clarified sample 
18 & matter of more lIDportance. It was at fiMt thought 
that. boil.ing with acid permangaDAte and titr~ting with 
oxahc &CId, gen~l:&lly known &8 the Knbel method. would 

(1) G. 7. Fowler and E . Ardern. .. SU'pended Matterln&w.~ 
and. EMuent." (thl. J ., 1~5. '83). . ...... 

( ) M.anch«tsr Corporation Riven CommJttee, Annual lUport 
tor Y~ar ~ndlng March., 1~1, pp. 40--41 . 

be determiued by extraction "with chloroform. From 
Ute curvea ,:civen in the paper, it would be seen that the 
~t !O obtained would be about 5/) per cent, too low. 
LenlAftre assumed that all the glvcerin in tht' waste 
acid emted as & nitroglycerin in !Olution, whereas 
they had shown that this was not the case. The 
fall of the heat test of nitroglycerin on repeated filtration 
waa probAbly due to the fact that the finlt traces of 
decomposition product. were absorbed by the moisture 
and sodium carbon .. te present. Whatever the cause. 
the fact remained that, if nitroglycerin showiug a high 
heat test ~as repeatedly filtered through paper, there 
heat tc:rt In all such casea feU. and in so regnlar a mnnner 

O. Krllhnke and W. BUt%. Hyglen. Rund.cbaa. 1~' g Ber 
. 1~', 1H5. (rhla ,1. 1~~, GIg.) • . ., 

(') A. S. iones and W . O. Travil. Pcoc. !nIt. Civil Enll .• 100~ 
11l!lG. Paper ~o. 35gg. F. R . O'Shaughne.ey and H. W . Kinnereley. 
thie J .• l~G. 7lg. J . H. JOhnltoU. J. Roy. Sanitary Ialt. 1006 
5'8. J.~. Ellm. and J. F . Sn~U. Zeitl. anlle .... Ch~m.: 1006 ' 
35. W . BUb: and O. KrObnke. Cer. ltur .. 1001, 350. (Tlu..;' 
19°1, 111.).. w. 0,; Travh. Contract J .• Dee. 11 :>.Dd 18. 1007. . 

a8 t? suggest th.'\t the heat t-e~t of . pure nitrodycerill, 
earned out. under standard conditions, was really constnnt. 
:J.Qd that It was impossible to get pure nitro!!1 vcerin 
to stand a prolonged test. - -

( 'F1M. ~ubner.. Du SUdtiache Slelwu .. r and aeine BexiehUlljt 
:rur, ull\e~lQlgunq." .A.rchlv. tilr Hygiene, H. 
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