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~+LYC~3J?INI3  belongs to those substances which are 
iiiacle extensive use of in numerous branches of 
ahc~nical  teclinology. It is not only the raw material 
t‘or the production of nitro-glycerine, but is also 
cwployed in very considerable quantities, increasing 
yoar by year, in many other industries, The soap- 
I lliblicr and perfumer, the cheniist and druggist, the 
tlycr, and many others use this substance for their 
1)iirpose3. That  it therefore occupies a very im- 
pot’tant position needs no further explanation. 

The  necessity for a new edition of this book gives 
the author the welcome opportunity to include an 
;Lacount of all the new processes proposed for the 
production, purification, and extended use of glycer- 
ine. T h e  book is therefore anew a compendium of 
all worth knowing on that subject, wherein is also 
I’nlly described the employment and the production 
of derivatives or glycerine, especially the preparation 
ol‘ nitro-glycerine, the examination of nitro-glycerine- 
oontaining explosives, the use of glycerine in the 
ximnuhcture of toilet soaps, in  perfumery, etc. 
lCwh scction has been re-written to correspond to 
the rccent developments, and especially is described 
tlic exaiuiiintion of glycerine, and its determination 
in wine, beer, etc. 

%’lie author wishcs and hopes that the second 
cxlitiori of his work will meet with the saim appro- 
l)a,tion that  the first enjoyed. 

8.  w. KOPPTI;. 
_ .  - .  
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GLYCERINE. 

INTl1OI)UCTION. 

G~J.;CICR,IEE belongs to those substances which have 
lorig heen known-it was discovered by Scheele in 
1 7  7D-b~t it has only found extensive application 
11101'e recently, as it only then became possible to pro- 
clucc IC on 5 large scale, it having previously been 
regitrded 5s a by-product of but little importance. 

The close study of glycerine produced in the pure 
statu, shows that this body possesses properties which . 
~ * c n d e ~ -  it particularly suitable for the production of 
toilet preparations, a.; well as for many medical pur- 
poses. The properties possessed by the substance 
obtained by the nitration of glycerine are -Ethnically 
of the greatest importance, since these sewe for the 
prodnction of the most powerful exphsives yet  - 
known. 

In addition to the last-named purpose, glycerine is 
nctually used in large quantities in the manufacture 
of fine soaps and toilet preparations, and on account 
of its action on the slciii it is a toilet article of t h e  
first r w k .  

By far the largest quantity is used for the Pro- 
1 



2 GLY C 1I:RINR 

duction of nitro-glycerine, and thence the prc- 
paratioa of explosive products; it is also used, in 
the second place, in the manufacture of soaps and 
perfumery. 

The discovery of glycerine took place, as has d- 
ready been mcntioned, in the year 1770 ,  and the 
credit for its discovcry belongs to the clieiiiist Sclieclc, 
since lic caiQried out a close investigation on t h o  
substance Poriiicil by Lhe trcatinent of lath with 
litharge. Scheclc already recognized one oi the 
charactcristic properties of this newly discovered 
body, viz. its intensely sweet taste, and called i t  on 
that account ii swect oil ” ; it was also occasionally 
spoken of as ( (  fat-wgar ”. 

The naiiie y l y c c ~ i i z c  derived lrom the Greek word 
~ X V K V ~  = sweet, was first employed by Chevreul 
in the year 1814, and this chcniist also studied in 

was known, nor any application for the substance 
itself. 

,‘. 
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punch essence, sweetineats, in ~ h ~ c o l ~ t ~ - ~ l ~ a l i i ~ l ~  to 
prevent the drying ol' the chocolate, in hui t  1)i:csci:v- 
ing, for the preservation of white of egg, yolk 01: 
egg, and flesh, in mustard-making, as a11 :~,d(litiiiii to 
viiiegw, chewing and snuff tob~cco, in. cosiiictics mcl 
nuiiiero~is toilet articles, 11s cold c~a111, I,)( )iliiL(lc, skin 
and hair iwieclies, in perl~uiic! ~ i t anu l '~~c tm~c  1'01. cist IXG- 

tioii o l  tllic 11101'~ delicate floid scents, which :LIC tlc- 
si;isoye,d l )y  distillation. I t  is used in iiiiisliing, iii. 

spinning aiid weaving, Eoi: 1)i:oduotio11. ol  not tlry 
dressed inuslin, in tanning, dyeing, and ciLliuo-1)rinling, 
lor production of pawhhment and colou~:cil 3>;~1)cr, i n  
the iiianulacture of artificial wool, for softeniiig iLnd 
lieeping moist driving belts, sole lcathcr, inodcJIing, 
etc., in glue and gdatine making, in the 1)roduction of 
printing rollers and hectograph blocl;~, as also clastio 
blocks, for filling gas inetcrs, 1iyclr.aulio 1 ) ~  
floating coinpasses, l o r  lubricating Clocks 
chinery, for lieeping guns clean, for 1)i:o"inction ol: 
cop37ing inks, inks for stnuping, and copyiug-11:~1 a i . ,  

in the iua,nuf'actnre of pqm-hmgings  itnd soiLl)s, 
iii the iron foundry for tlic manufacture ol: cast-ii:oii, 
in photography, for t k e  inanufactnre of blaaliiiig, 
luting, Imt-water heating, etc. The ltt~gest qnnntiCy 
is, however, employed for the poduction of iiiti-o- 
glycerine m d  dynamite, while it also sei:vcs lor thc 
InanuEactnre of forrnic acid, allyl alcohol, and :uti- 
ficiaI mustard oil. 

of anatomical specimens and the lynlph lor ViLcCillib- 
tion, for extraction of pepsin, for the preparation of 

Glycerine is used, iiioreover, for the 111 
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liniitients, salves, injections, for keeping moist pill 
mil tablet niasses, Tor court-plaster, and gelatine 
capsules, as solvent for medicind substances, as 
relnedy foi. cliap1)ed ~ 1 ~ 1 ,  lor. eamclie, for skill- 
tlisteascil, ctc. 



CI-IAPTER I. 

INIZ, so lw as at  present li1i0~11, doe\ not 
occur 111 natnre in the free i ta te ;  but exists in v a ~ y  
iiiany combinations, tmd can be produced by cshb-  
lirliecl clieiiiical processes. As was shown Ly 
Chevrenl in the first quarter of the last century, 
true fats, \vIictlier 01 the aniinal or ol bhc vcgetablc 
l i l ~ l ~ i l o i ~ ,  mist as coiiibiiiations of various acids 
wibh glycerine. Since, then, in all aiiiinal aiid vegc- 
table o~gi~nis111~ lat is fonnd, we can describe gly- 
cerine as Q universally dissemiiiated pi,ocluc;t in 
niiiiiial and vegetable bodies. 

We also l:iiow, moreover, various proceise5 by 
which certain definite quantities of glycerine are 
pruiluced, and the iiiost interesting of those is blie 
leriiieiitatioii o l  spirituous liquors. If one ~ I O M ~ S  
wine-iunst or sweet - wort to  fernlent, thew is 
Ioi~nied, licsides a1r;ohol atid cai3boii dioxicle, a ccrtaiii 
qumtity of glycerine as a 1e~ineiitatinii-l)ro~l~ict. 
By allowing oiie of the above-nientioned liquids, or 
even pure sugai solution, to feriiient, one obbnins 
besides nlcoliol, glycerine and succinic acid, and 
thsb in pretty considerable yutmtity ; for esainple, 

i 1:\ 



f rom iiunierous researches, wine contains up to 2 
per cent glycerine, while in  Ixei. 0.9 per cant may 
be found. By tlic iiiany 1)rocesses which tolcc place 
during the l)roductian o l  rancidity in fats, glyccrine 
is also formed, being lilmatcd in thc ~ U C C  state. If 
one exl)oscs p l i i i  oil, a fat vcry liablc to bccoine 
rancid, for several lnonths in thin laycrs t o  the i>k, 
m c l  tlicn extmcis wit11 wi~tcr ,  the prcsencc ol gl y- 
cerinc is rcadily dclccted. 

As r e g "  chciiiiml constitution, glyccvinc is an 
al~oliol, a tieiliydric 1 ~ 1 ~ 0 1 1 0 1 ,  t11i~t is OIE in which 

h s i c  acid 1-adiolc. 13y iuch suhstititLion, c o ~ u p o i ~ i ~ l s  
arc obtained wliicli :we known a s  ctlicrs 01' esters. 
" 0 s  arc Ihen etliers, estcix, or glycerides. 

The coiiipositioii oJ glyccrinc iiiay bc csprosscci 
by tllc: lonuula U,,TT,O,, ; having r c g ~ d  to the l'act 
that in thc three hydroxyl groiips, wliicli ;tw prosciit 
in glycerinc, 311 tlic liydi~ogens tiiiiy bc i*cplaccd by 
iln acid rsdicle, onc has the r.ationa1 f o r ~ u i h  lor 
gl y ccrinc C:& r, (OH) :i. 

tl1J'W 31tO111S 01 hJ'dl'O~c11 al'C l'Cl)l&CC&blO 1,)' :L 1110110- 

ouiporindr witli glywrinc are p[ 



s GLYCI3Erm 

coinposition C,,H,,,,O, ; t'he glyceride of st'earic acid 
occurring in fats is tristearin, of tlie foriiiula 
C:iH:,(OC18H~i50)8. 

Palmitic acid, C,,,H,,O,, and oleic acid, C,s1-4.,02, 
occur in fats likewise, as txipaliuitin, and triolcin re- 
si)ectively, and accordingly niany fats are inistiires 
made up of various proportions of tristearin, tripal- 
mitin, and triolein, or siiiiply stearin, pelmitin, and 
olein, while others consist of similar glycerides, as 
linoliii in linseed oil, etc. The fats obtain.ed. from 
sheep, cattle, and hogs, as also coconut oil, p , ln i  
oil, nutmeg butter, etc., belong t o  the first-naiiiecl. 
group, and have the following composition :- 

~ ~ : ~ I ~ ~ ( O O ~ s I ~ ~ i r , O ) ; ~  = stewin 
C3H5(OOl,J3ij,0)3 = palmitin 
C3H5(OCJ3;3;iO):i = olein 

If one treats one oi' the above-nientioned coin- 
pounds, or a mixture thereof, i.e. a natnrally occur- 
ring fat, with a metallic Iiydroside, tlie glycmitle is 
decomposed in such a way t h t  tlie glyceiyl, Ci3Hr), 
adds on three hydroxyl groups, YOR, and glycerine 
is produced. This pc)cess, which is cai~iei l  out  on 
the large scale, is that tvliicli is generally eqwesssd 
by the name sapoiiificetion. 
C~H~(OClsH~3,0):i  -I- 3ICIIO = G3€15(OII):i + 3 

liy~irirxicla 
tviste:viii l)l)t:L?iSilllll & w i i i i e  

II' one uses, instead of pota~ssiuni liyil~osicle, the 
i-iydroxide of a metal like calciuni, lead, etc., wliicli 
forins with the fatty acids an insoluble coiq)ou11c3., 
liie glycerine is obtained in solution in the pure 

, 
i 

i 





CHAPT1I:R 11. 

COMI’OUNUS d N D  UEUOMPOSITION 
UL YCEBINJL 

I’ROD’UCIL‘S Ql? 

the substances THIS relotionship of glycerine with 
known as (‘ alcohols ” is proved by the fact tlmt 
glycerine f o m s  coinpounds which are similar in 
coinposition to those of other alcohols. Ordinary 
a1cc)Iiol (ethyl. alcoliol) can be cliaiiged into ethyl 
ether by  abstraction of water ; under siiiiilar con- 
ditions glycerine gives glycerine ether (ester) ; ethyl 
alcoI101 foriiis with acids certain definite coiupounds ; 
glycerine behaves in quite a, similar way. 

Th.e ConipoLinds of glycerine are of practical inter- 
est, in so far as possibly the one or the other inay 
appear as an interriiediate l)roduct in the production 
of glycerinct on the large scale, e.g. the oompound 
wliicli glycerine forins with sulpliuric acid. 

In thc pi*odnotion of this coinpound, one mixes 
two parts by nioiisure o l  concentrated sulphuric acid 
with one piut of concentrated glycerine, with con- 
iiiiiuoiis stirring, whereby the mixture becomes in- 
tensely hot ; afteiwards the inisture is cooled to the 

/ in \  





12 GLYCERINE 

acid in the so-called ( g  acid saponification " ; whilst 
from the glyceride, e.g. tristearin, stearic acid is foriiicd, 
the glycerine in the iiiornent of its libera,tioii uiiilcs 
with the sulphuric acid. But in the decoinposilion 
o l  fats by acid, liigher temperatures are eiiiploycd, so 
that the glycero-snlphuric acid-is iinniediatcly agaiii 
decomposed into glycerine and sulphuric acid, alii1 
this latter is once inore available for llie dccomposi- 
tion of fresh fat. 

GLYCEIZINE ETI-IER. 
As is well known, ordinary alcohol fo~iiis, wlien 

wariiied with sulpliuric acid, a coiiipouncl, etliyl-sul- 
' phuric acid, which i s  a coiiipouiid coinpletely anal- 

ogous to gl3iceriiie-sulplii~ric acid ; by heating al,ovc 
140' the ethyl-sulpliuric acid decoinposes into ethyl 
ether aiid sulpliuric acid. 

By treating very concentrated (anhyilrous) gly- 
cerine at a high temperature, with coneelitrated 
sulpliuric acid, not only is the first-farmed gl.ycerine- 
sulphuric acid decoinposed iiito its constituents, hut 
water is also reivoved from the glycerine, aiid acro- 
lein is proiluced, owing to the great i l e l ~ y d ~ i ~ t i ~ l g  
oction of sulphuuic acid, wliicli is iiot esliaustctl even 
by the hydroxyl g r o u p  of glyceriiie : - 

C,,€I,(OH),, = C,R,O + 2H,O 
XI pcwi ne :tcrtrlcili \v,itw 

.We shall have to return later to the proprties of 
acrolein itself, since it is one of the  frequently appear- 
ing decomposition products of glycerine, aiid is 01. 
practical iriiportaiice in the study of fats. 
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technlcally. W e  can therefore lilnit o 1 1 ~ ~ 1 v o i  it() :b 
1nerely brief description of thcse 1)oclics Iiaving 0111~  

theoretical importance. 

THE CIIL0IIJlTl)lbINS. 

By treating gl~cexine wit11 h y c l ~ o c l d o ~ ~ ~ c ~  : i ( a i ( l ,  i l l  

number of coiiipounds arc l'01*~11~;cl, w11ic:li :ti*(' i i i  1 c ) t . -  
esting examples of the bubititulioli 1)ro(~iis, i t t ] ( I  
hhrow considerable light on tlw constil,iilii)t~ 0 1  
glycerine. 

Hydrochloric acid acts on glyacxiiw i n  V : L I * I O I I ~  

ways according to  the teniperalnre and ~ ) I * C S ~ U I Y ' .  

When a current of hydrocliloric acid g i ~ s  is p : ~ s i ( ~ l  
through glycerine so long as it is ahsorlicd by t l ic i  
liquid, in a closed tube and heetcd up to tho boilii~g- 
point of water, the product neutralized with polassim t 1 

carbonate, ancl extracted with ether, n, liqnid is 01)- 
tained, whose boiling-point i5 230' O.,  s l ) (v*i I icb  
gravity 1.4, and which has a swoet tastc. This l i c l i i i ( 1  

is the simple chlorhydrin, or iiionoclilor.li~tlriii, Im,viiig 
the constitution C,H,(OH,)Cl. The rcmction l l l i ly 

be represented by the follo;ving cqt~ation :- 
C,H,(OH), -I- HC1 = H,O I- Cj,,ELr,(OH,)(lI 

glyeciine liydiorliloiir w:Ltvi ~ i i ~ ~ i i , , t l ~ l , l l i l ) ~ I ~ ~ ~ ~  
& L l d  

By heating glycerine with about filtccn tiirwi i t i  
weight of hydrochloric acid in a closcd l u l ~ ~  [I ] )  i o  
100" C. for ten to twelve l~ouri,  one ohtaiiii by  sub- 
sequent distillation an ethereal fmgmnt licpiicl, h v -  
in.. s ecific gravity 1 383, and Loiling-1ioiiib 1 7  1 ( ' .  
This is dichlorhydrin, C,H-,(OH)Cl:. b. 1" 
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place of hydrogen in one of the methyl groups. 
The following f o r i n u l ~  will inalre this relationship 
clear :- 

There is also another c.ompound which niey be re- 
garded as an interinediate product in the above sub- 
stitations, viz. epichlorhyclriii, It is obtained when 
dic!ilorhydria is treated with aqueous potash solution. 
This is a liqnicl boiling at  118" C., which by treatt- 

11 inent wilh hydrochloric acid is again changed into 
dichlorhydrin. d 

! 

I 

p- By treatment of glycerine with hydrobromic acid, 
t x  phospliorus Iiroiiiide, broilline dc~iva, tives :we oh- 

chlorine-de~ivatives. These are as follows :- i 
tained which nre siiiiilair in constitution to the ! .  



i 
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8 parts iodine in carbon bisulphide. and 1 part of 
phosphorus, sild after distilling off the carbon bi- 
sulphide, anhydrous glycerine is added iiz sniall quan- 
tities t o  the phosphorus iodide remaining. The two - bodies react on each other with greet violence, and 
from the resulting mass one obtains, by distillation, 
propylene, water, and allyl iodide. 

The crude allyl iodide is brown colourcd ; it itlay 
be decolorized by shalcing with caustic soda solu- 
tion, rectified over caluiuni chloride, ani1 is l;lieii 
obtaiued as a colourless liquid, boiling a t  102' C., 
which has tlie sp. gr. 1.789, and a strong garlic-lilce 
odour. The propylene passing over as a by-product, 
by strong cooling and pressure, condenses to a c01oui:- 
less, peculiar-smelling liquid. 

Glycerine is, as already stated, an  alcohol, but it 
is a trihydric alcohol, whilst from the combination, 
C,H,, that is the radicle propenyl, one obtains a 
iiioiioliydric alcohol, allyl alcohol. This is then a 
proof that the radicle C,,H,, which is coiitnined in 
glycerine, is not quite identical with tlic radicle allyl. 
It may be quite readiIy distinguished by its difl'ei:e,nt 
atomicity from the latter, to wliich, however, in riiaiiy 
points it stands very near. 

I t  is, moreover, possible to directly proilucc allyl 
alcohol from glycerine in the following n1aiiner : 
When one heats glycerine with oxalic acid up to 
110" C., formic acid and carbon dioxide are produced ; 
out of the diluted liquid, formic acid may be obtained 
by distillation. As regards coinbination of the formic 
acid with the glycerine, this is only induced a t  a 
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ta,kes the first place, because glycerine 1)y yiLI)i(I 
heating very easily becoines converted into this 1 )( ) ( ly ,  
and even in coiiibined glycerine (in fats) t 1 1 ~  S ~ L J I ~ U  

decomposition takes place, if one h c n t s  t31c I'i11 
quickly ; the disagreeable sinell which is ovolvotl 
when one drops fat 011 a hot plate or allows ii; 10 
fall on glowing coal, is caused by thc ovol~it ioi l  oL 
acrolein itself. 

By ~ a p i d  distillation of glycerine aci:oIciii is :I,IS() 
formed, and that in very 1ai.p q u a ~ ~ t i t y  8,i; t;hc c: l t .r l  

of the operat'ion. It impayts to  odoudcss g l y ~ c r i ~ ~ ,  
when it is present in even only ininntc qi imtify,  IL 
disagreeable and penetrating smell. 

For the production of acrolein in ib Iar,q? ( ~ l ~ i ~ 1 ~ t ~ i L ~  

one treats anhydrous glyccrine witli strong (lcliydi*di- 
ing substances, and at  high teniperatui:os : e.g. on(! 
heats 1 part glycerine with 2 parts of acitl 1,)ot:~s- 
siuin sulphate, whereby the decoiiilmitioij of t h o  
glycerine takes place according t o  thc I'ollo wit kg 
equation :- 

C:4Hfi(OH):+ = C,,IS,O I- 2H,O 
glycerine ncroloin wnlcr 

One obtains acrolein by rectification ;LS a (;o1o111:- 
less liquid which boils at 6 9 "  C., t l ~  va'lml's ol' 
which attack the eyes and nose witli vory grc!:~i 
violence, and cause great inflainiaation ; in wa,tci. it, 
dissolves only slightly, but in alcohol 011 thc otli.or 
hand very easily. Acrolein has the 1)ower to I ~ C ~ I I C X !  
silver oxide, and is thereby changed into acrylic ilc:itl ,  
of which the foriuula is C313,,02. 

A very interesting decomposition of glyoc!i*inu is 
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butyric acid bacillus, 1x1' lo butyl alco1~11 s ~ i d  tri- 
methyleiieglycol . 

GhY~:~~;J!I1)1$S, 

The action of acids on g1ycei:inc has 1 ~ : c m  f i ~ i r l v  
coiiipletely studied sild 11:~s been already r:cfurrc-:d 
io oil 17. 7 .  By bringing together glyce~iiic a i i c l  

acids, coinponncls arc fo1:iiicd whiclt it1:c dcwrihod 
:/R ethe1:cal compmii~cds. Tlic Ju.ost iitilxxt~iit tculiiii- 
c;~lly of ~ I I C S O  C O ~ I I ~ O L I ~ ~ C ~ S  CIXC tllo I:l,ts. AS tl1u 
constitution of th :  h t s  hccttiiic h t t w  laiowii, it 
was iinportant to c1etci:niine whcthcr l)y dirr!ct8 co~ti- 
bination of acids contained in laCs witlt pJycci*iiic:, 
compounds could be ol)t:~iiid siiiiilar in  tlioir prol)ei:tics 
to the fats. 

T'lie reaction atta,iiis coinpletion ; whon glyoctriilci 
is inised together with stearic acid, palmitic wid, or 
oleic acid, tliere is I'oriiied according to the p rop r -  
tions in which the acids arc employecl, thc 111o110-, 
cli-, and triglycerides of the respective fatty acids. 
'The iiaturally occui:ring fats itre triglyccrides, and 
the componiids produced ai:tifioially reserubla corn- 
pl.etely the naturally occurring fats both ;LS i:cpu:(ls 
tlzeir 1)h.ysical sl id  their cliciiiical l?mper'ties. 

By the coin1,ination of glyccriiie with tlic acids, 
wnter is alwnys cliininatcd, and in the syiitlic 
the glyceride tristearin, for osample, thc  following 
i:eaction takes place :- 

C,H,(OH):, -+ 3(C,s€I~~,iOi) = C;,Hb(OEIisCL,:~O)3 + 3 I1,O 
glgccriiie stearic :Laid stonric glyceride \\.;1,tct. 

Besides the glycerides of oleic, palmitic, and 
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stcl:laric acids, which comimnly occur in  fats, one has 
allso t h e  various glyceridcr o l  tlie other acids of the 
I':btty acid series (fnrinic, butyric, propionic, Taler- 
iibtlic, etc.) ; &$ far as these acids occur in nature in 
il l)( .  form of glyccrides, the artificially produccd com- 
I)o[inds rereinble in all respects the natural. Tri- 
:ac:cti 11, tril)utyrin, trilaurin, z11.e such glycerides which 

iuc t  wiili in  nature. One can prepare the 
g l p x i d c s  l y  vwions incthods : either by heating 
glyooi.ii~c with tlw rcspectivc acid in  scded glass 
t i i l w s  in an oil l ) tx t l i ,  or by mixing sulphuric acid 
:its well ;LS tlic! h t t y  acid wit11 the glycerine or by 
(IiwAving thc acid in the glycerine by wamiiiig, and 
t,li(m lmssing liyilrocliloric acid gas throng11 the solu- 
tion. 

'Phe action of s u l l h r i c  acid in the sgiitliesis of 
tlio glycerides of the other acids may be explained by 
tli o formation in the first place of glycero-sulphuric 
wid, which, however, in contact with the organic 
i ~ ~ i ( 7 ~  is convertcd into the glyceride 05 the acid, and 
in to Xrce sulplim~ic acid. 3'or esample :- 
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C,H,(OH), + HC1 = C,Hr,(OkI),C1 i- IT,() 
813 ce1 me liydiocliloric chIoili\dii1i \ \ , I  tC \ l  

chloi hydrin tiiirlcitl \\:lLt I 

HC1 
hylllochlonc. '1ClIl 

Nitric acid exerts a somewhat dil'l'wcnt vc:iatic in 
from other acids on glycerinc, and indced ilhc IX-  

action depends in a great dcgrcc on wlicllic~t- OII(! 

eniploys dilute nitric acid, 01' that of high concrntt*:tf- 
tion. Nitric acid of low strength lorins f ro i )~  glg- 
cerine a new acid, which is 

One can produce glyceric acid by inti*oducing iii Lo 
a vessel nitric acid oi' specific grnvity 1.5, mtl 
cautiously alloiving to flow down t h o  sitlcs oJ 1110 
vessel a mixture of equal voluiiics ol W;I,~CI* i1,11(1. 

glycerine in such a way that tlic glycei'inc floabs 
above the nitric acid; after about a woclr thc Iiquitl 
is placed in a desiccator over sulphuric acid, n,nd is 
left there until a, syrupy liquid is produced. 'J'llis is 
neutralized with lead hydroxide, ant1 t h o  leoil s:lilt 
decoiqosed by hydrogen sulphide, wIici.cby ; L I ' ~ o ~  
again concentrating over sulpliuric acid, glyocric noit1 
is obtained as a iaiiitly yellow liquid, eiLslIy soI~tE)lo 
in water and alcohol. 

The formula of glyceric acid is C,!I-I,,O,, mcl 0 1 1 ~  

RCll l  

C,H,(OH),Cl+ 3(C,, .J = c p , ( o .  q,lr,<Jq.i+ N,O -1- 

ns glywric n,cicl. 

I 
$ 1  

! 

i can represent its formation iroul glycorinc i l l  t,11c 

CH, (OH) C€I,O 11: 

i 
following way :- 

1 -  
[ 

I 

I I 
C€I(OH) = CH. OF1 
I I 
CE,(OH) COO13 

glycerine ylyceric w i i l  
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01‘  C,H,,(OI-I),,COOIT. One can also regard it as 
tli)iytlrosyproi3ionic acid. 

According to this cquatibii only one of the two 
outside ~ I ’ O L X ~ S  - CI’I,OH, which are present in gly- 
ccrinc, is clitLngcd b y  the substitution of an oxygen 
:$toit1 I”* the two hydrogen atoius with the forniation 
or thc aai.boxy1 - C O O H  ; tlieoretically there is ye t  
:motliar gIycei*ic acid, in which both the - CH,(OH) 
grou1)s ILK clianged in the saim way. The produc- 
lion of this acid has not yet, however, been acconi- 
1 ) I  i sl I cxl, 

which nitric acid 
I)osscssos, nuccssitates that the change in the gly- 
ccritic docs u u t  take place so simply as the above- 
iizentioncil equation indicates ; tliere are many more 
coiuples secondary reactions, and a part of the 
glycerine is consequently converted into racemic 
;ioitl, glycollic acid, Eo~.aiic acid, and oxalic acid. 

Very concentrated nitric acid acts on glycerine in 
siicli a way that a glyceride results, viz. the nitric 
wid tdglyccridc, or trinitroglycerine, of the f?rmula 

rI’lio pt*otlidion ol this substance will he described 
ill i t ~ o i x !  d c h i l  later. 

Ah ~cyyirds tho l)roduciion of the nioiio- and dinitro- 
glyccriclcs, oiic has to yrocecd in another way t h a n  
11liit or clii~xt coitibinatioii of glycerine with nitric 
acid. ‘l’hcy ;LIT obtained by riiaking use of t l ic  
r~~onoclilc~rl~ydriiz or diolilodiydrin with a. mixture OS 
c ! c . l ~ d  1 w t s  fuining nitric acid and snlpliuric acid. 
13y ililiiting the licpiil with much water an oily 

r 1  I I10 ~)owcr*l’ul oxidizing action 

q r , (o  . No,),. 



liquid sepretes, which possesses the cmiposition 
C,,H,Cl( 0 . NO,)$ = ilinitroiiionocl~lor~lyceriiic cn: 
C,H,CI,( 0 . NO.,) niononitPodiclilo~~lycerine. 

Ainoiig the numeyow compormds pmciuced from 
glycerine by substitution processes, up till now only 
one has attniiiecl tecliiiiclzl iiiiportance, aiid this is 
the nitroglyceride ester (erroneously lmowii as nihro- 
glycerine) ivliicli is distiiiguislied by the propei:ty 
that it is decoiiq~oscd by CL blow with a violence 
which exceeds liy far that of othei. explosive sub- 
stmices. In consequence of this p~opei:i;y, the 00111- 

pound ~ e f e m d  t,o is eliqhyeti  in technical explosives 
in eve]: increasing tl’ays, md its ninnufnctnre foriris a 
specid inclus try, 





of boiling water, until 011 testing by cooling, it con- 
geals to a viscops white iiiass, .cvhicli has no Ioiigci~ 
any greasy feel. 

Olive oil consists for the most part of the gly- 
ceride of oleic acid, while the glyceride of 1)ttlniitic 
acid and a siiiall anioniit 01 tristearin a1.c also 1)resent ; 
lead soaps are lorinecl coiwsl~oniling to a;tch, tlic 
lead oleate l)redominating. The resulting iiiass is 
insoluble in watcr, solteas on wariiiiiig, bnt IS h a ~ d  
when cold. 

For the scl)mation ol' tlic glycerine iiiisctl wit11 
the lead soap, one p i i m  Iioi; watcr 011 tho c;oiiil)lctcly 
boiled, but still fliiid plaster, stirs the iiiass Lli~i~oiiglily, 
and leaves it at rest for a tiiuc in ordcr thitt thc 
soap may separate I'roi~i tlic water, then poum this 
off', and repeats the washing several tiiiics, until all 
glycerine is separated from tlic iiiass ; the glyccrinc 
waters are niixed, and the purification pocccdcd 
with, 

As the estiess of lead oxide dissolves in the gly- 
cerine, this must bc first reinoved, which is accoin- 

the glycerine. The lead is coiivcrted into sull~hiilc, 
which is tlirowii down in tlic lorni of a blacli p c -  
cipitate, and is removed lroiii the glycerine by filtm- 
tion. The liquid after frccjng iroin lead is evaljomtccl, 
and yields glycerine of a brown colour and unl)lrasanl 
odour; to render it water-white, one dlows the 
liquor to filter slowly through ireshly burnt aniiiiel 
charcoal until it einergcs perfectly colonrless and 
odourless, and evaporates it finally on a water-bath 

I plished by passing s~dph~iret tcd hydrogen through 

* J . T d  L 
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line earths, as for esainple with qLllClili111c, 1mrc 
rarely with caustic a l l d i ,  as in the older proc’ssei; 
for stenrine production, or by saponiiicatlo~l wltll 

sufficient lime, which is a far less coiiiino~l 1.11~tl10(1, 
to forin cnlciuin soap, with the simultaneou~ eiq)loy- 
inent of high pressure stewu. 

Other inethods for the separation of h t t y  acids 
from glycerine-incorrectly termed sapoiiific~-~tion 
processes-are those in which the decomposition ol‘ 
the fat is effected by ineaiis of acid, inore cipcojally 
by sulphuric acid; finally there is the use of even 
water itself in place of acids, the ‘‘ sqlonificniion ” 
being brought about with either superhcatcd WiLiC’Y 

or superheated steam. 
These methods are all certainly adapted for tlic 

production of Tatty acids for cinployment in the 
manufacture of stearine candles ; they are not, how- 
ever, equally suitable when, as at yresent in all 
worlis of this lilnd, it is a question of the prodnction 
not only of fatty acids, but also of glycerine,-thus, 
for esaniple, in Clie process of saponification with 
much acid and at  high temperatures, the glyocrinr 
is entirely destroyed. It is for this reason that t I i (1  

process of saponification has to be modified, in ordc>i* 
to ensure that so wlusble a snbstance LLLS glycc1i*ino 
is not lost. 

The present work has for its object tho dcscri1)- 
tion of glycerine and its applications. It lies, Ch(w- 
fore, outside its scope t o  occupy ~ui~se lves  vcyv 
closely with tlie reactions which take place in t h e  
various processes iiientioned above. We must c011- 
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tine ourselves then to iiierely outlining these pro- 
cesses in all brevity, and indeed only in so lar as 
they Iiave rei'eiwice to the pi-oduction of glycerine 
itsclf. 

The reactions involved in the vniious methods for 
carrying oiit this ~ ~ i " x s s  we tlicoi*ctionlly as ioI1o.yt.s :- 

( ( I )  In tlic i; :~]~~nificntion wiLh alknlics, e.g. witli 
lllne :- 

Since in I ' ILI;~ in addition to stcarin, lnhnitin ancl 
olcin axe : h o  l)i:cwnt, these glycerides are also cle- 
c o i ~ i l ~ ~ d  in the milie way as stearin, as given 
above ; one obtoins thcrel'ore a, mistwe of the lime 
salts of stearic acid, 1)alinitic acid, and olcic acid- 
Iiiiie soaps insoluble in water--and a solution of 
glycerine. 

( b )  In the snpnificalicm with acids, e.g, with 
sulpliuric :xid :- 
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then can be very easily and quickly saponified, so that 
it gives a very largely increased yield of fatty acids, 
which reaches the inaxiinum generaliy obtainable. 

Among all the processes by which satisfactory sap- 
onification takes place, that formei.ly possessing the 
greatest i i ~ ~ l ) ~ ) i * t i ~ ~ ~ : c  is tlictt in wliicli quirl-I' ,L nile was 
crnploycd, as 011 tlic one hand qnicliliiiic is cheaply ob- 
taiiicd, rind on the otlicr I i m d  it also 171~s tlzc advantage 
illat t l iu  litnc soop is inscilal)lc, ;%nil c m  thci*efora 
be easily sclmmtcxl froiu the l i c p i d .  It W:LS carried 
out in the following i1imiie~ :- 

The ~ ) r o c ~ ~  wais coniimiicc~l l)y iiiisiiig thc Iat- 
tallow, or palin oil-with water in large wooden or 

, aird tlia fat incltoil by passiiig in steam 
and h a t e d  to 100" C. With constant boiling oiie 
adds 1 5  pci- cciit oT tlic woiglit of fat einl~loyed of liinc 
to tlie vcsscl. Tllc liiiic ciiiploycd must be iron-free, 
fi.eshly burnt (Irec froin carboiiic acid) and Lrokon 
down with watci- to a nniloriii Imiil)-lrec iililli, bc- 
fore addition to thc fat. 

Oue assists tho seponifioaiion hy the continuous 
passage of stemi, mid b y  blio iziiinterrupted motion 
of tlie stirring gam. Thc oon~iuciiccincnt of thc  
saponification shows i t d f  1)y tho .Iliicl;cning 01 thc 
Itlass, an  a ~ q ~ ( ~ : m ~ i i c c  w11 icli i~sually niwdcsts itsclf 
blirce or lour Iioiirs aftcx t l io  l)(>giiiiiii~g of tlic o l )c~dio i i .  
Later miall particlcq of liiric s o ~ 1 )  unite into sni;ill 
l u q s ,  which riscl to tlic sm*fsce. hftcr Ihc cspim- 
titrii of seveii or eiglit hoiirs tlio sal)oiiifiutitioii is coni- 
pletc, and the vcssel contains by ibis Linic a solid 
maw which, if $lie operation 113s h c i i  rightly caniccl 

:% 
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out, consists only of lime soap together with. any es- 
cess of liine used, and niust be entirely free froin 
little drops of undecoiiiposed fat. The yellow or 
brown-coloured liquid to  be found niixed with the 
lime soap (always depending 01.1 the quality of the 
fats eiiipluyed), is a dilute solution of crude glycerine 
in water, which is contaiiiiiiated by a large quantity 
of foreign iiiatter. 

A iiiodificetion of this process is that in whiolr i~ 

iiiucli smaller quannlity oT lime suffices for sapoiiificu- 
tion, if onc allows the linic to act 011 Dlie fat uiidei: a 
steaiii-l:)rcssurc of about ten atniospliercs. Undcr 
these conditions it is s n f l k h t  to eniploy two to three 
per cent liiiie to bring about coniplete saponifica- 
tion, as acid liine salts are forined from the fatty 
acids. 

As regards the production of glycerine, this process 
offers the advantage that onc wrorks with a far sinaller 
quantity of w%ter thaii in the process above do- 
scril)ccl, and accordingly a iriore concentrated soln- 
Lion of glycixine results. 

In both cases the h i e  soq7 produced is decomposed 
by sulphuric or liydrocliloric acid, whereby is formed 
gypsum or calcium chloride, and the misture of tho 
three fatty acids, stearic, pa,lniitic, and oleic, is freed 
as h r  8s possible from oleic acid by pressure in very 
strong hydraulic presses, a i d  employed, after refiniiig, 
for the inanufncture of stcarine candles, whilst the 
liquid sepmated Prom the lime soap is utilized for 
the estraction of glycerine. To tlie quality of the 
raw and strongly diluted glycerine, which is different 
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rding to the iiietliod einployed for the  extraction, 
mice  will be rnade later. 

T m  I inm ITZ P n o c ~  s S. 

'lie process for tlic dccoiuposition ol' la,k by Iiiiic, 
rding ais wc lnve  described i t, posscsscs to-(ley 

I t  has  still, liowcvcr, IL 

sin inlcucst, as thcrol'1*o111 onc ol' tlic iicwc:it 
t111c1it.; for the splitting OU fats l l i ls  ~ C C I Z  ( l c > v ~ l o l ) ~ ~ c l .  
i t a  (I).li.I'. (;Os, 108) 1 1 ~  l ) i qoscd  the p~i-  
,ion ol liiiic sosp in tlic first iiista,nce, and this 
lien introduced into a, boiling solutioii of  car- 
cte of soda, or potar;li wliich ilccoinposcs it into 
,llirtli soap and carbonate of liiiiv, 13otiaro (D.I.W. 
9(59) again sq)a,ratcs thc Ercc latty acids E~oii i  

iiiie soap by t~*estitirnt with gtiscoiis sul~)liurous 
The correct 1)rc]~:~r:~tioii oI tlic liiiic ioalj i i  

ilia1 ; it is carried out by l i m l ) i t x  in t h e  follow- 
iianiicr :-- 
he iieutral Tat, heated up to about 100" e., i i  
aatcly uiixed with an oqiiivalcnt iii:ws ol' inilk 
nic p r e p - c d  f i ~ ) i u  p111'e lime, wli ereby :I thick 
sion is first of all ~~1*0i11.1ccil, which is lcl'l t,o shnd 
,ly overnight protcctcd from cooling. Thcrcl)y 
xmetl findly ;I solid, thongli easily pow(lcrcd 

so;q) ,  which is groxind 111) and wmkcd wit 11 
r, in wliich it is insolihle, in ordcr to rouiove tlsc 
~ i n a .  l'lic sulliaic!nhly ~ a , s l i  ed sool) ])owdcr is 
, as already uientioned, treatcil with 11 wlution 
lcaline citrbonate, whereby the dacomposition 

historic iniportaiicc. 
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into alkali soap and insoluble cnlciiuiii cmi*l)nilntlc! is 
effected. 

2. DECOMPOSITION OF F A T S  137 STJLT'TIl'IiI(' n (  TI). 
As has already been shown with foi . l t111l i~~,  1)y the: 

action of sulphuric acid on glyccridcs, colii1)oiIti"ls 

are produced o€ the iattv acids and tlic ,qIy(*(:i~iti(~ 
with sulpliuric acid, and tlicse arc t h m  ( l c ( x ) ~ i ~ ~ ~ o \ ( v l  
by water into fatty acids, glyccniic, : u ~ l  still)llili IC' 

acid. Although in all cases in whicl~ snll)l~ut.ic. wit1 
is employed, these reactions rliust ialte l ) l i I  
process IS capable of being carricd out in vcty (111'- 
ferent ways, and one distinguishes especially ill(! 5%- 
ponification in the slow way, and the in-ciblicd l.iil>i(l 
saponification or fractional saponificatioii. 

The slow saponification of the l a t  is ncco~tq)liilicvl 
by the use of sulphuric acid at a low tciiq)ci*:Ltiii-c ; 
the more sulphuric acid one employs, and Lhc I o ~ v ~ t *  
one keeps the temperature, the longer is thc t,iJliv 
required for the decomposition of the  fat to I,c a a m h l  
to completion, and a proportionately Ii~,i*ger imw, oI [ai,  
is lost owing to further decoiiiposition, Ix~t l i  ;I,S I X L  

gards production of fatty acids and of glyccl-lnc. 
In  the first instance, therefore, o m  eniployc~l i ~ s  

inuch as 37 percent of sulphuric acid of thc wchiglli, O F  
fat, and completed the process by gently heating to &(;- 

92" C. for twenty-four to thirty-six hours. Sub- 
quently one proceeded with ever decrcosiizg CJUW titicas 
of sulphuric acid, and raised the tempcmLu1.c io  I oo- 
120" C. in order to complete the reaction with tllc I I ~ O  
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saponification one takes a sinall 'qhnt i ty  of fat, 
raises it.s temperature to  90-120" C. and iiiixes 
thoroughly with sulphuric acid, leaves in contact 
during a short tiiiie-for a few minutes, or even half 
an hour - and then allows it to drop into boiling 
water; in this glyceriiie and sulphuric acid dis- 
solve, whilst the fused fatty acids collect as ail oily 
layer on the surface of the liquid. Working in this 
way it is sufficient to use 3& t o  4 pei: cent of sul- 
phuric acid, and the reaction, which !or its uonzple- 
tioii by the older process required many hours, is 
finished in a few iiiinutes ; one chief adventage of 
this process lies, however, in the fact that there is 
oiily a sinal1 loss by decomposition of fat and sul- 
phuric acid ; it evolves very little sulphurous acid, 
and an acrolein odour is scarcely p"ptible. 

I n  plece of the sulphuric acid alone a mixture of 
sulphuric acid with nitric acid lias also been used for 
the purpose, in order to prevent coinpletely the for- 
iiiatioii of dark-coloured products which, when work- 
ing with sulphuric acid alone are never quite 
avoided. The treatnient of the fats with this acid inis- 
tur6 takes place at a, temperature of 11C1-115~ lor a 
few ininutes. There is employed io 1000 parts of 
fat  4-6 parts of nitro-sulphuric acid, a i d  by this 
process also the glycerine is o1)taiiied in a, completely 
uncha,nged coiidi tion. 

Anh;ydi:ous zinc: chloride ef€ects clecoiiiposition in 
the same inaniiei: as acids, m d  one cnii carry out 
the decomposition rapidly by using 10-12 per cent 
ot the weight of fat, and a, tenipera,ture of 150- 
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Tlie sulphuric acid, diluted by the coiideiised 
steam, is then drawn off, aiid the fat translerred to  
the splitting Vizt, wliere oiie inixes it with about 
O , 3  3 per cent of tlie previously meiit8ioiied coinbintz- 
tion of sulpho-oleic acid and nalhthalene, adds G 0 
per cent water, and boils b y  iiitrocluctioii oil steani. 
The splitting vat is imdc of pitch-pine woo&-iron 
or lead would ~ e t a r d  the deconiposition. The con- 
ducting pipe for the steaiii is inacle of brass. 

When the inass has boiled slowly for twenty-foul: 
hours, as a rule 8 5  per cent of the fat will be split. 
At this stage, in ordei: to exclude the fatty acids from 
contact with air, whereby they becoillo cliscoloured, 
one allows steam t u  blow on to the s ~ r l a ~ e  01: thc 
liquid. Then the r ims is 1d;t :Lt rest for tlie glycer- 
ine water t o  settle. This, tlio so-called " first water," 
is drained off, m d  fresh water ~ ~ d i l ~ c l .  The  whole is 
then boiled further, with addition, if necess:ti:y, of a, 
little inore sulphuric acid, until in all <)2-!)5 ~ ) c x  cent 
of the fat is split, which requires as a rule a further 
twenty-four hours. Por  neutrdizatioii of the free 
sulphuric acid one utilizes 1):zriunli carbonate, and 
sl'* the settling of the barimn sullhate, the laity 
wids and glycerino water w e  dra.wii ofY, 
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has attained considerable importance. The process 
is quite analogous to that  with sulpliuric acid or 
steam, and as with thcse two latter reagents, so the 
eiizyme docs not take any active part in the re- 
action, but  acts ratlicr by its iiiere presence, so that 
its iiims and substance remain uiichaiiged. T h o -  
retically, therefore, 01iIy quite rt sinal1 quantity should 
bc iLble LO split an irifiiiitely large i~iass of lat. In 
liractice, I~owcvcr, one always takes a considerably 
I:I,I-~~C~* quantity, in order to produce a ccrtain re- ? action velocity. 

Originally merely crushcd or ground castor seeds 
wc:rc ctiiployed Poi- tlzc 1 crinenlation fat-splitting 
~)L 'OCCRS,  but it has becn found that the use of a,n 
estract is lar i~ioi'c hiiitable for the purpose. A 
l)ecnlia,rity of d l  eiizgiiies is that  they are only 
activc withiii ocrtnin fiscd limits of temperature. 
Below the most Isvour,$ble temperature the action 
is always slower and inore leeble, tliough by raising 
the teiuperature to that iiiost suitable the activity is 
lw,torcd, and coiiseyucntly has not been destroyed 
by the cold. Wlien tlic best temperature is ex- 
ceeded, a slaclieyiillg ol: the action also occurs, while 
at a cei*taiii teuil)eratwc, iiiost undoubtedly at 70 ", 
the enxylm coiliplctely loses its rtctivity, and is de- 

Tlic oiixyi L ~ C  ~ ~ i c l h o d  ol fat-spliLtiiig is ca~ried out 
by irreltirig t he  f :~ t  in a 1m.n with a conicill bottoiii 
and littcd with a stcitlll coil, the teniperetnre not 
bciiig yaised too high, since the  best temperature 
lor the Tcwnciit action litis belween 25 and 3$", while 

s t1V ycd .  
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above 40" it is very considelably reduced. The 
molten fat is kept at about 30°,  iiiixed with about 
hal€ its weight of water, and a ma l1  quantity ol 
castor secd extract added, whereupon the wliolc is 
thoroughly mixed. It fornis 3 tliiclr cinulsion, 111 

which the splitting of: the  fat slowly takes plncc. 
It is iiiostly ended after six or eight hours, whcn 
some 80-86 per cent of the fat will be dccoui- 
posed. The addition of alanganese sulpliale hasten\ 
the decomposition. 

At the end of the tiine during which the cnzyiiic 
is allowed to  act on the fat, the niass is heatcrl to 
100" to kill the enzyrne, after which the iiiass 14 

allowed to rest. It settles into three layers, tlic to1) 
one being the pure fatty acids, the middle onc 311 

emulsion of iatty acids and leriiient, this bcing con- 
siderable when one use5 riierelg cruslied caslor suc 
instead of: the castor seed extract. The l)ottoiii 
layer consists of the glycerine water. All t l i i ~ x  
layers are then further dealt with. 

b 

THE XATURC OD GLYCERINE WATER. 

By employing one of the Ltbove-i,icntiorict11(~ pro- 
cesses for the decomposition of fath, one aIw:iyh 

obtains liquids in which, liesides water, I I L I . ~ ( ~ L '  o r  
siiialler quantities of glycerine ale prrcscnt. 111 i ~ t l t l 1 -  
tion i o  these two bodies therc are also Eonnd 111 thci 
liquid all those substances which were oil1111ac~l wit 11 
the original lat e~iiploycd, or were introducccl dur ing  
the saponification or process of decninposition. I ' h ( b  
raw glycerine liquor tliercf'ow in uiobt c a m s  
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usually does not attempt to produce a first-class pro- 
duct from such glycerine, but rather sells it in a not 
quite pure state. 

The best yield of fatty acids, as also ol glycerine, 
/both in regard to quantity and quality, is obtained 
,by saponification with steam under high pressure. 
I n  addition, this process is estreniely siiiiple and 
costs little, so that it must be described as that 
which above all others is to be preferred. Bor this 
reason, the largest stearine and glyoerine worlis at  
the present time work exclusively according to thc 
process of saponificjtion with steam, and it is really 
through the employment of this process that t11c 
production of almost cheinically p r o  glycerine, in 
any desired quantity, fimt becailrie pdssible. 

i M. RECOVXR,Y OB GLSCERINE I ~ I N  Qom LYJGS. 

The saponification process takes place, so rar as 
the substances arising therefroill are concc~ :n~ l ,  
always in the saiiie way : there is formed a combina- 
tion of the fatty acids with abasic substance (potasli, 
soda, lime, etc.), while the glycerine is 1ibei:ated i n  
the free state. Glycerine, therefore, is always pro- 
duced as a by-product in the manufacture of seal). 

The production of soap is carried out, as is wcll 
known, in small soap works by boiling the fat with 
potash lye until saponification is complete, a i d  tho 
potash soap so formed, which because of its lack of 
firinness is not well suited for many 1mrposes, is then 
converted into sodium soap. This is effected by 
adding coinrnon salt to the potash soap, whereby 
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salt ~nass  was freed froni alcohol by warming up  to 
l o o a  C. in a distillation plant, and one obtained as 
residue in the retort a syrupy liquid of yellow to 
brown colour-impure glycerine. 

Glycerine may be recovered from the lyes of the 
soap-boiler in a less costly way, by evaporating 
the neutralized lyes in shallow open pans over a 
firc until its boiling-point reaches 109" C., like ihc 
boiling-point of a concentratcd solution of co1iiinoii 
sitlt. The iicutralization is absolutely necessary, 
and indced is so carried out that neither an excess 
of alkali nor acid reniains in the liquid, 8s the prcs- 
ence of either causes the glycerine to be badly con- 
taminated by the f'ormetion of' decomposition pro- 
duct s. 

During the evaporation, salt continuously separ- 
atcs out from tlie liquid, and this is removcd by 

pan, lifted up, and brought into a basket which 

the salt can drop back again into the pan. 
The teimperature. ol 109 C. is finally reached, 

when one allows the liquid to run off into a distilla- 
lion apparatus, in which it is furthcr concentmted, 
until the themornetor, which is in~mei*ml in the 
liquicl, reaches exactly 193" C. : the heating by fire 
is then stopped, and a stream of superheated steairi 
led through tlie liquid, the flow of steam being so 
regulated that the teiii1)erature does not fall bclow 
193" C., and does not rise niuch above thih point, as 
in the first case no glycerine would distil ovcr, aind 

f 

ineans of suitahly forrued rakes a t  the edge of ihc 

hangs over the pan, so that the l icpd mixed with 

i 
E 
I 
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iii the ollier case tlic glycc~inc might be coatamin- 
ated with acrolein. 

The lycs of' the soalnnalter contain 0.132-1.8 
pel: cent of glyce;ine.l One cools it thorouglily, 
filters to rciimve suspended matter,  evaporates it u1) 
to a glycerine contcnt of 40 per cent, acidifies with 
liydrochloric acid, fillers, concentrates it in va,cuo up 
to ti0 per cent, cools tlioroughly, and filters. This 
crude glycerine is distilled ill vac~io. Thc portion 
1 m " ( r  o v c ~  h t w c e n  170" and 180'' is once-distillccl 
glyccrinc of coimiorco ; hy relicatad clistillatioii it 
furnislics 1)~ii-e glyucrinc. Or one mixes the lye with 
sulpliuric acid, liltci.s, cvaporatcs in vacuo up to 2'2" 
B., thcn in  mothcr alp1)aratus t o  28" B., wliereupon 
iuost of the conmion salt s cp ra t e s ,  and can again 
I)c used for tlic salting out of soap. The glycerinc 
is distillctl in vaczio, then concentrated in vacuo iip 
to ;I specific gravity of 1.263,  once more distilled 
and conccntratcd, and finally decolorized with animal 
charcoal. 

Tlic evaporation aplmatiis which one 'CLSCS for thc 
concont~ation of thc lycs 3 ~ 1 ~  so constrixcted that 
undcl: tlieiii :bra cylindrical vesscls with sieve bottoms. 
Theso salt-bows % I C  ilui*jng the evaporation coin- 
b i n d  with the uppcl: l m t  of the evaporator, so that 
tlic salt scpamting (luring tlic evaporation lalls into 
tho Los and collects 011 the sicvc. When tlie 1x1s 
is tiliiiost fillcd with salt, which can be ascci*t:tiiicd 
t1i~'ougli sl)y-ldos, one shuts tlzc contiexion betwecri it 

Illlyf rcrlsall I F !  1l l l lC l l  ILH 7 pcv CLIlIt. 

h 

1 Y ' n o c s / o f o q  'A vottP..- 11 is Irc( l l l~~nt ly  I i i g h c ~  in  tliilj country, it1v.l 

4 



50 GLYCISJAINI;: 

and the evaporator, and establishcs only a coniiexioii 
between this and the part of the box to be found 
under the sieve-bottoin. The vacuuin prevailing in 
the evaporator is thus transmitted Ihithcr. If oiie 
now allows air to pass into the u1q)cr part 01 tlle 
box, then the atmospheric pressure lorccs the liciuid 
contained 111 tlic salt along, and finally into tlic 
evaporation apparatus, whcrcupon onc covcw yct with 
steani, in older to obtain all the glycci.inc: out oI tlic 
salt. 

Thc salt inass oiie brings finally into a cc1ltyif'ugc, 
where it is cxtrwted with wttter uiitil it only contains 
0.25 pcr cent glycerinc. With the help o l  this 
apparatus, one is able to  produce I m n  lyes crud0 
glycerine of 80-84 per cent glyccrol arid 9-1 0 1)cr 
cent ash. I 
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charcoal; this accomplishes the first, but iiot the 
second, object, and the glycerine absorbs, in con- 
sequence of its large solvent power for lime salts, 
considerable q~ianbities of these out o€ the bone- 
charcoal. 

It was not until the introdnction of aqueous saponi- 
fication that the perfecting of the production oi pure 
glycerine on a manufacturing scale was satisfactorily 
accomplished so that  there is in existence in coni- 
iiierce true glycerine, which can bc regaided as 
clieniically pure and coiisists really only 01 glycerine 
and water. 

The empluyinent of absolutely pure fats may be 
rcgarcled as the main condition for the production 
of pure glycerine in this way, because otherwise the 
foreign matters remain behind in the glycerine sol- 
ution, and cannot be quite completely removed froiii 

The fats to be employed therelore-more es- 
pecially in the case of animal tallow-niust, beforc 
they are ready for saponification, be purified with the 
utmost care, and this is accoinplished by treatniciit 
of the saine with very dilute snlphuric acid or soc1:t 
lye, with siinnltaneous heating. All membranous 
park, which are mixed with thc tallow, are t1iercl)y 
destroycd, and the dccoitiposition 1"lucts arising dis- 
solve in the c~ciil or alkaline liquid, on which fi11:1,1Iy 
floats the pure iiielted fat, which is eithcr Itioiiltl(~t1 
into bloclrs, or iinincdiately brought into thc (le- 
coinpsition vessel. 

The decoinpositi6n of the Iats is coiuplctely d- 
fected in this decoinl~osition apparatus, and witli thc  

~ it. 
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vapours reach several cooling tubes, staii(1iiig sidc 
by side, and made of copper, from whose undci. mils 
the condensed liquid can be drawn off thim~gli Ilic 
siphon-shaped bent tubes. Those vapours, which 
have passed even through the last cooler nncon- 
densed are still furtlier cooled by means of colt1 
water. The distillate collected in I h c  ltast of Ihcsc  
coolers consists then iiierely of water. 

F I G .  1. 

The temperature of the cntering steam rcitdleh 
ivostly 360"-200", the temperature in tho still 
200"-220". The glyccrine which is obtaiiied i'i*oiii 

the first receiver contains oiily about 1 0  per cont 
water, corresponding to 28" 13. In thc following 
receivers collects more and inorc dilute glywrinci. 
The distillation procecds continuously, glyccrinc flow- 
ing out of I3 into the mass as it evaporates. l~'ii~ally, 
hoxever, there collects a large mass of iioii-vol:~t,ilc. 
residue in the still which is decomposei1 by hoat, 
and contaminates the distillate. Acrolein is formcd, 
and further, the glyceriiie becomes colourcd ycllow. 
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with an airtight, joint to the condensing plant; the 
tubes fixed to the still head and leading downwards 
are in this case, however, straight, and the vessels 
which serve for the collection of tlie glycerine flowing 
out of these tubes are. also fitted airtight with thein. 
The end o l  the cooling tubes is connected with a 
double air-pump of suitable size aiid with the receiver 
for the coucle,nsed liquid. 

As soon as the distillation vessel is filled 111) to ii 

suitable height with the crude glycerine, o i ~  sets 
the air-puiup in action, then ollows steam to entar, 
and accomplishes the dist8illation under the continu- 
ous action of tlie a i r - p u p  in a sliorter tiiiie, and 
a.t a iiiuch lower teruylerature than that  at  which 
glycerine boils under ordinary atmospheric pressure. 

Whilst at the ordinary atmospheric pressure (760 
mixi, niercury) the glycerine boils constantly at 290" C., 
boiling takes place, a t  a lxessure of 500 ~ n m .  " x u r y ,  
already at  '310" C. ; when one has a pressure of only 
12 .5  n i m 7  then glycerine boils :%t 179 .5"  ; and it is 
therefore advisable to provide the distillation ap- 
paratus with. a very strongly acting air-lmnp, so that 
a very low pressure can be obtained. By adequate 
influx of steam the boiling then titlies place very 
quickly, and the distillation is coinplctd in a vcry 
short time. 

T'he apparatus of Heclri~ia~riri (lj'ig. 2,  after 'Ub- 
belohde) illustrates the principle of this a,ppmLtiis 
(D.R.P. 6347.) The  glycerine to be distilled is placed 
in a walled-in still A, into which superheated steam 
wt 200"-30U C: is in,t?:oduce(l. The glycerine vapou!: 
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centration would indicate that  the condensation is 
not taking place properly, and too much glycerine is 
passing over. 

Varying lroin tlic above clescription is the “11- 
paratus lor thc distillation 01 crude glycerine con- 
structed by Vari Ruynilseclic and W. P. Jobbins 
(1l.R.P. 8(i,F?I‘LS)). In orcler to avoid any decomposition 
o l  glyccrine wliicli the  use of superheated steam 
brings abont, n i ~ d  loss of Iicat through the expansion 
of tlic steaiii intyoduccd into t he  still, and also to 
prevent tlio slaclicriing of distillatioil throngh the 
steam condciising in tho boiler, the inventor allows 
the steaiii to cspand in a coil enclosed in a hot vessel, 
wliciicc it first enters t h e  still. 
In l)rd,ice the N1~ylill)cclie appai*a.tus 110s proved 

very gooil, since it 1)rcsciits many advantages over 
the alqxmatus 01 tlic oldcr systems. One such is 
that it c:m be einployccl as well lor the distillation of 
saponificil,tion as ol soa,i)-lye glycerine. 
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and bright after filtration, but it has dissolved salts 
of lime from the bone-charcoal, and in orilcr tliaLt 
these may be I-eikioved it must be deliined. 

Filtration of glycerine is a very lengthy opemtioii, 
and to ensure a regular course of work it is abso- 
lutely necessary to have a sufficient iiuiiiber 01 char- 
coal filters ready, and so to coiiibine thciii 111 

batteries that the aiiiount of glycerine placed on tlio 
first filter, after it has 1)ashcd through onc 0 1 '  beveiaiL1 
batteries, should flow out of the liLst filtci. ; ~ b  a 
perfectly clear and bright glycerine. With  r c p i ~ i  
to their disposition, the filtcrs tiscd for filtratioii ol' 
glycerine are very similar to those used for thc 
purification of suaar solations in sugar factorics. 

As the absorption power oi bone-charcoal lor colonr- 
ing and odorous substances is not unliinitcd, thc: 
filters niust be i ~ e w e d  from time to tiinc. As :L 
rule, the filter batteries are placed together in such :L 
manner that, for illstance, sis filters are coniicctcil 
with one anotlier ; the first iilter through whicli tlic 
glycerine flows will d s o  Lc the first to bccoiuc in- 
eflectual as it will have al3*c1~ily estrmctcd l'1*oill ilia 
glycerine large qiiautitici ol colouring : ~ n d  ~ 1 ~ 1 0 ~ 0 ~ ~  

substances. Tliis f i l h  is then rciiiovcil, : ~ i i d  at  tlic 
end of tlzc h t t c r y  a filtcr fillcd with I ' t  eiIi I ) O I I O -  
cliarcoal is placecl, so that  iiow t l i o  fillcis w h I i  was 
No. 2 is XO. 1 and No. ( j  i h  No. 5 .  NCJ. (i i h  tlic i 

newly nilclcd filtcr. 
The ~ O U J U S  Lone-cha~coal  chins ~ ~ ) i i h i ( l ( ~ ~ , i ~ l ) I ~ ~  

quantities of glyccrinc>, and thi5 g lyoe i* i i~~~ GLIL IN! 
obtained by forcing it out with v v o i , ~  wliicli i s  lot 

P 
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the risk of the forination of colouring substniiccs 
is decreased the lower the temperature a t  which dis- 
tillation takes place. 

The filtration of glycerine over bone-charcoal is 
a very lengthy and tedious operation, therefore dc- 
coloration is also carried out by heating the raw 
glycerine to 100" by steaming it in a boiler fittcd 
with a stirring device, addiiig a bleachiii~ aocnt, sucli 
as black spodium powder, etc., and then carcfully 
stirring it. Generally 3-15 pe?- cent bleaching 
inaterial sufices, and within one to ;.couple of lioiirs 
sufficiently thorough bleaching is oblained. This 
lias the further adveldage that the glycerine then 
only absorbs very small qua.ntities of lime froixi tlici 
charcoal, so that subsequelit deliiiiiiig can be dis- 
pensed with. In the case of glycerine bleacliecl 
in the batteries already mentioned, however, delim- 
ing is absolutely necessary. The bleached glycwiiio.' 
is finally placed in a vacuum apparatus and brought 
to  the requisite concentration. 

Deliming of glycerine can be carried out in  sucli R 

inaniier that the dissolved lime is converted into :LI~ 
insoluble coinpound which can be reinoved by Rltua- 
tion. To this end sodium carbonate, sodiuin osalatc, 
or acid sodium pliospliate is addcd to the hoatcd 
glycerine, which causes the l'orination or inso1lil)lc 
calciuin carbonate, oxalate, or phosplinte. 

b h  

1 
4 
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T H ~  glycerine used in coniiiierce, apart l'roiii its water 
content, which according to the variety generally 
fluctuates between 2 and 12 per c m t ,  is practi- 
cally chemically pure and can be obtained entirely 
free from water if it be left for a few days in flat 
dishes over concentrated sulphuric acid. 

Glycerine free from water is a liquid as clcar as 
water, of remarkably strong light-refracting propertics 
and of a syrup-like consistency without any siiicll 
whatever and of an intensive burning swcct tastc ; 
in the mouth ax well as on the skin of the hotly it 
causes a strong sensation of waxiiith, bccausc it a,h- 
sorbs water very powerfully. Exposed to the air, 
all concentrated' glycerine absorbs a great deal oi 
water therefrom, and further absorption only ceasos 
when the water content of glyceciiic has viscn t o  
about 5 0 per cent. The specific gravity of glyceriric 
is 1.264 and clecreases when water is added. Thc 
table given below shows the relation bctwcen thc 
water content of the glycerine and the specific 
gravity of the product iii question, and, thercforc, 

(6 (3 
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when using these tables a simple deterinination of thc 
specific gravity by Ineltiis o i  an ordinary hydroiiieter 
is sufficient in order to obtain a t  oncc the percentage 
of glycerine. 

On cooling Inelow thc frcceing-pint  01 water, the 
glyccriiic congcali t o  :I. crystall inc inass ant1 iot-illi  

iiionoclinic crystals thc sixo ol a pea, of tIio11iorii1 
hlic brilliancc, particularly il ~ ~ y ~ t ~ ~ l l i ~ a t i o n  i b  ~ti~iiu- 
lated by introduction oU :L c r p t d .  The c iy t a l s  
melt a t  + 1 7 “  end glycci-iiio wliiali has cryrial- 
Iiscd and tlicn been iiicltcrl again, is said to 1*ci1ia,iii 

liquid iou hall an hour oven after cooling to- 20” C. 
The freezing-lmin t of glycerine dilutccl with watoi. 

depcnds on Chc watcr content. ‘I’hc following tablc 
gives thc specific gravity ol ~ ( ~ C O U S  glymrina solm- 
tions detcrrniried s t  1 5  ’ and the frccxing-points :- 

5pocitk Gi. tv i ty  (Ilycotiiiu. 1h ut ?i i ig-hi i i t .  
At I i“ c. 
1.034 
1.051 
1,075 
1.106 
1.15‘7 
1.159 
1.179 
1.304 
1.232 
1.341 

IU quite colourlcss glyocriric i s  Iicatctl in open 
vessels, then al‘tcr ib time it hco i i i cs  yallow and can 
be heoteci to 120’’ C. without clii~iigiiig m y  fu~:i;liei- ; ;it 
this temperature it begins t o  give off luiiies wliio’h 
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there remains a mass which becomes dnrlxx and 
darker and is reduced to ashes by strongly heating. 
Qlycerine can be distilled without alteration only in 
a vacuum chamber and by means ol a streaiii of 
super-lioateil stcam. 

(+lyccriiic is characterized by its property of d j q -  

solving o lnrge nunibor of substanccs which ollicr- 
wise would oiily be dissolved with difliculty, and lor 
this reason it is used in inany branclies of tcchnical 
chcinistry; it is largely used in the  umnufacturc of 
perfumes and soaps, further in dyeing works and 
also in medicine as a solvent. We give below soiiie 
indications as to the solubility ol diflerent substmccs 
in glyccrinc : 100 parts ol glyceyine dissolve 98 lmcts 
o l  crystallized sodiuin carl,onnte, GO parts ol crgshl- 
lizecl boras, 50 parts 01 chloridci ol' zinc, 40 parts oT 
aluiii, 4t) parts of  poiassium iodide (accoi~ling to 
17arlay, l~owevcr,  only 1 part of potassium iodidc 
can be dissolved in 3 parts of glyccrine), 3:-l 
payts of potassiuin cyanide, 30 parts of ferrous snl- 
plmte, ;-lo parts of cop1)er sulphate, 20 lxirts of' sugw 
01 lead, dO parts of aiiinionium carl)onatc, 20 p:wts 
oft sal ailmilonix, 10 parts of barium chloi*ide, 8 palots 
of sodium sesquicarbonatc, 7 .G parts of chloridc ol 
inercury, :3 -5 p u t s  oU potassium chloi*atc. li'urther, 
d 0 0 0  parts of glyceriiic ilisrolvc 1 part of sulpliiii*, 
and glyccrinc is :~lso :in cxccllent solvcnt for s:ilicylic: 
acid, lor aiiilinc dycs, otc.  l~ur t l io r  1 p y t  ol ioilii~e 
can be dissolved in 100 pmis ol' glyccbrino, itic:i-ciiry 
iodide in 340 l m t s ,  quinine snlphatc! in I 8  p r t s ,  
tannin in 6 parts, verairinc in C ) G  1 ) w t s ,  ati*ol)iiic 
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in 60 parts, morpliine hydrochloride in 19 parts, 
tartar emetic in 50 parts, a i d  potassium sulphide in 
10 parts of glycerine. 

Glycerine itself is inisciblc in all proportions with 
waier and :~lcohol 'or with a inixt~zrc of alcohol and 
cther, but irisoltlblc in pure ether, benzol, carbon 
bisnlldiicle, aird chlomform. 
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As early as 1847 the conil~ination known nndor 
this desigiiatioii was prodiiced by trea,ting glycerine 
with nitric acid, and its usplosive qualities were a,lso 
recognized. This conibination was iLlso callotl pyi’o- 
glycerine as a reminder ol it.; n,nnlogy wi th  pyr- 
oxylin or gun cotton which also possciics tlie property 
of esploding violently. 

The esplosive qualiiies of nitrated glycarine, how- 

Swede, Nobel, applicd it to the  sciciice of bhsting. 
The so-called Nobel explosive oil is notliiiig but 
nitro-glycerine, and to Nohel, tliongl~ he did not (lis- 
cover it, nimt be a t t r i bu td  the iiierit. ol‘ having pro- 
duced it on a large sciile imt l  ibpplid it DS a11 osplosivc~. 

The iLctuol spplicatinn 01 this oil ibs :til osploslvc! 

was possible to pi*oducc it in sucli a forin tlia,t thc! 
handling of this su1)stance was 110 long~er ~1,cc0111pt~n1cd 

ever, remained totally ignored until 18G3, when the l 

dates, however, only fi30111 tli i~t p(xioc1 (1 HO7) whcii it 

with such great risli as in the cnsc of tlic osplosivc 
oil pure and siniple. ‘ i  

k 

I 

/Vi>\  



The chemical constitution of nitro-glycerine has 
already been set lorth ; it is not a nityo-conipomicl in 
the sense, for instaiicc, that gun cotton and tri-nitro- 
phenol ;LIT, in which actually liyclrogcn is replaced 
by the rd ic le  nitryl (NO,), brit nityo-glycerine is in 
rcality :in estcv of nitlaic acid ; in the smiic manncr 
as in glycc~*iiie Ci,311,-,(OIX),j thtr thrac ’hydrogen ntoiiis 
ol the hydroxyl g~oul )s  (OFT) can bc wplaccd by 
acid radicles, SO it is posbi l ) lc> to ycplacc tlzeni by 
nitric acid, and  accordingly t1ici.c is also D mono-, di-, 
and tri-nitro-glycol.ine, that i5 coinpo~nds in which 
onc, two, or thrce r~toins of 1iytli.ogen have h e n  re- 
placed i n  ilia t1u.o~ liyilrosyl (OH) p-oups by nitryl 

13y tiwtiiig glycerine wi.tli nii,uic acid all the i1u.c~ 
possible nitro-glyceuiiics a1.e ol)tn,ined, the. 1”niiI;n 
of which are as lollowh :- 

(NO?). 

C,$FI,(OH),(O . NO,) = mo~io -n i t i~o -g l~  ceriiie 
Oq,I-I,(OTI)(O . NOJL = di-nii i~o-~lycci~ii~e 
C,R,(O . NO,),, = hi-nitro-glycai ine. 

l h r  explosive p~irpo~,cs, tri-niti.o-glycor,ine is the 
most iiiipoytant, mtl c m c  iiiiist 1)c talien to 11i;~nn- 
Incturc! this proclilot only. TI niti*ic ncid in a con- 
cantrated l0~*1i i  is ct,llowt:tl to nct 011 w:itcr-lr.ac 
glyccrinc, then at tlic! co~~i~ii(:i~ceiiioni, only iri- 
nitt.o-glycci*in~ is loi-iiiotl, but o i i  continuation ol‘ tlic 
y:eaction di-  :~n(l iiioiio-iiitt.o-gIy~:~~i.111~~ ~ ( 1  I‘oi~iictl 
as tho nitiic acid is tlilutotl 1)y tlic watcr wliicli 
s c p a  t os, 
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C,H,(OH):, + 313NO,, = 
glycerine nitric acid 

= C,,H,(ONO,):, -I- 3H,O 
tii-nitl.o-glyceiirie wvntc18. 

Therefore, in order to prevent as .far as possililc 
in the action of nitric acid on glycerine t h o  foni in-  
tion of mono- a,nd di-nitro-filyceriii~, care must 1.w 
taken to remove the lreshly lornieil wstcr as soon :LS 
possible, and this can be done by iiiisiug the nitric 
acid with concentrated sulpliuric acid. The rcsnl ting 
water is at once bound by the sulphuric ;wid, and 
during the whole process tlie nitric auicl kceps tlic 
necessary high concentration. 

~’ROI~UCYi710h- OF NITRO-(:T,S(’I:T~TNI: A(’(’OI?I)TA’(j ‘PO 
so l~li”. 

The oldest known process Ioi~ tlw prodnction ol‘ 
nitro-glycerine os indicated by Ilic iiivciiloi* (I! this 
coiiipound is as follows: ‘2, parts ol si11pl1~1’ic acid 
of 1.831 specific gravity are niisctl witli 1 pnrl ol 
nitric acid of 1.525 specific gmvity, and t lw L K ~ ~ X ~ I L I ~  

is left or plthced in cold water uiitil it lit~s c;ooloil l o  
the ordinary temperature. Into the! niisturo :I, tli in 
stream of half a part of highly conccntrnlod glyc 
ine is poured, ant1 the liquids ;ire mixcvl by s l i i~ i i ig .  
3’airly strong licating results, m t l  on trm,t)i1ig hi*gv 
yclaiititios of b l i c  iiialci:ial il is ~~lisoliitcly ~icc(:sst~i*y 
to cool the vessel, which is lklost siinply i~c~0111plihl i~~l  
by placing iu cold watcr. 

The action of the highly coiicoiitmlc~l nitric :wit1 
011 the glyccrinc tales place in 3, v c ~ y  xhort t i i i ic>,  mtl 
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the liquid bccomcs turbid on the separation ol the 
nitro-glycerine, which t-tontq about in fine drops. 

As soon ns an oily snbbtance begins to detach it- 
self froin thc acid inix'curc, the contents of the vessel 
arc ponrcil into a larce ninount of watcr whicli 
should niriount to at Ioast fiftccn tinics that of the 
llyuiil contaiiicil in tlic? nitrniiiig vcssels, and tlicii the 
nitro-glycerinc wliiclz is specifically lieavicr than 
water scitlcs a t  the bottoni of the  vesscl. The acid 
liquid is drawn ofl', the nitro-glyccrine repeatedly 
waslied with water, and finally dried aver sulpliuric 
acid under an air-pump. 

According to Sobrero's proccss, a very pure pre- 
paration call be obtiiirlcd, the explosive aciion O L  
which is :dl that  can 1)c desired ; but the process in 
the lor111 descri1)ed iq iiiorc snitable for ltlboratory 
experiiiieiit tlinii Poi. the prodnction of nitro-gl yccrinc 
on a large scdc .  In this casc it is far iiiore necessiiry 
to take certain precautionary measures it1 order to 
rendcr the prodnclion of a substance such &E; nitro- 
glycerine, wliicli 11n4 such tcrrible eilects on explod- 
ing, as lit'clc lrauglit with danger as possible. 

~ ' l ~ O l ) [ ~ ( ~ r l ' l O N  0 1 1 '  NrrI~rl~)-GI,~(~reJlrrild A(!( ORI)IN(; '1'0 

EOJ<I~I,. 

Nolwl, who a\ alrantly stmtcil inay bc lookctl upon 
nl i i ioi t  as tlhc socoizil tliscovt!rcr of nitro-glyccrinc, but 
wlio, l~owovoi*, was the f b t  to i m l x  prnctictll iise of 
this snbstancc in comicxion with explosives, suc- 
ceeded in invcnting ;L prc~ccss by means of which 
large ciuniititics of nitro-gl yccrine can be ol)tiLincd 
Nobcl's proce~is a t  first was as lol1ows:- 
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certainly less dangerous than that of fulminating 
mercury or of gun cotton. From the inany worlrs 
written on the manufacture of nitro-products, par- 
ticularly on the subject of gun cotton, it seeins 
pretty probable that  the spontaneous decoinposi tion 
of the preparations takes place especially whcrv tlic 
nitric acid employed is not pure, but contains rlc- 
composition products of the nitric aci(1, aiid in par- 
ticular nitrous acid. T’hercfore in thc pro(1iwttioii or  
nitro-glgcerinc it is not snificicnt to employ LL vcry 
pure glycerine, but great care inust bc 1mid to the 
constitutioii of the nitric acid to  be usoil, i m i  Cor this 
reason manufacturers nowadays only use 1)crfcctly 
pure nitric acid, which before being employed is 
severely tested as to the absence of nitrous acid. 
As is well known, nitric acid easily dccoinposcs when 
the temperature increases ; as a result of tlic cheuiic;~l 
reaction which takes place by bringing togct,liei* a 
mixture of nitric acid and sulphuric acid with glycorinc 
a considerable amount of lieat is liberatcd, am1 tlicrc- 
upon it may happen that  durinn the reaction de- 
composition products of nitric acid inay be fO~lJlCtl 
which in their turn react on the glycerinc, resulting 
in the formation of easily disintegrated compounds. 
Therefore in the practical production of nitro-glyccrinc 
all the factors above inentioned must bc most CWCI- 
fully taken into consideration, and in addition to the 
exclusive use o i  pure glycerine, and pure nitric acid, 
the temperature niust be prevented froin rihing :d)ove 
a certain limit by means of a well-regulatctl systcln 
of cooling. 

9 

I 
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TI313 hhiYUl~A4UTUIiE 01G NITIW-GLYCEI~INE. 

The nitration acid-a mixture of about 5 parts 
ol concentrated snlphuric acicl, and 3 parts of 
nitric acid-is either o1)tained already mixed lroni 
thc ecirl i i i t ~ i i i i f i t ~ t ~ i . ~ ~ ,  01’ clse it is prepared on thc 
spot itsell. In  tlic latter casc great care shoultl 
always be cscrciscd, although t l ~ e  mising of Ihe two 
acids is quitc a I~n,rinlcss o p ” i o i i .  To this cnd 
covcrcd pans littctl with an cxhanst pipc for tlic 
evolved g:~hcs should lie iised, in which the stirring 
o l  thc acid iiiixture is accoinplishcd by coinpressed 
air. Bplnsliiiig ol thc acids is Clius avoided, and the 
riiising itscll cntmils iio dnngci.. 

As a rulc tlzc now ready nitmtion acid is lifted 
el, 1~1ic1 for th is  purpose it is best to 

use coinpressed air. Tlic acid iqescrvoir mnst stand 
high eiiougli h o  that in thc natni-sl descent 01 the 
liquid in the coww ~ l ‘  Ll~e iiianufacture, the acid 
mixture niay flow to t,hc nitration apparatus, the 
nitro-glycerine itlistwe to the separ:itoi*, and tlic 
s c p m t a l  nitro-glycci.inc to t l ~  washhouse without 
being ctwrieii or cvcm IiCtcd. I[’Iie ‘‘ montc$jus,” which 
are ciizploycd for tlic lilting of the acid mixture, 
consist eithcr ol lead lined, o~ polishcti wrouglit-iron, 
or cast-iron pans. T~wl-linod. vcsscls liavc not 
proved siiitd>lc, :LS it is unnvoit1;hle that in ccrhain 
pihrts the lead sl io~~ld detilch itsc!lL and then the ex- 
posed iron is all the II I I )TC cwily attl~cked by tlic 
acid. Cast-iron pails :we vcry rcsistnnl to the action 
of acids, but they  iiiust be w r y  strong in order to 
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the tap, which iiiust be very wide, so that the ap- 
paratus is empticd in a short tiine, mid the mixture 
may flow into the water-tank. Only in this iiianncr 
mi an iriimincnt esplosion be prevented. In order 
that the ~iitiso-glyccrinc riiixture iiiay flow to the 
separator, a funnel is placed under this tap, connect- 
ing it with the pipe leading to the separstor. For 
observing the tenipcraturc, theriiioiiieters are fisccl 
inside the apparatms, with a cleitr scale, the biilbs 
of wliicli dip into the inistui-e. The nitrlttion takes 
place a t  28"-30" ; for cooling the mistnre well water 
is generally used, and is allowed to  flow through 
the cooliiig coils. A quantity O€ about 100 lig. of 
glycerine is nitrated in about 30 ininutes. 

Larger quantities of glycerine than 100 kg. are 
scldoiii nitrated at one time ; on tho other hand, in 
Aiiierica pant i t ies  of 9000 kg. at onc time are 
treated in large, oval pans, in which there is an 
axletree with an eight-paddled wheel attached, which 
when rotating forces the glycerine in under the acid 
inistur~c. Norc certain arid 1110rc suitable, howcvcr, 
is Che ciiiploynient of the Bal1d)ene air-stirring pi.0- 
cess. which also t~llows tlie nso of glycerine heated to 
3 4  ". At lhis Ccuzpcratiurc the liquid is much thinner 
and iiiiscs ~iiore cl~sily with the iLCid. Thereby local 
ilecoiiiposilion is nvoitlod, which, morcovcr, is laygely 
to Le a t t r i h t ed  to tlic great p r i t y  of the glycerine 
mid the acid ciiiployc!d. 

The glycoi*irie ilows out of :L Iargc nuinber 01 fine 
1101~s 1)1cr~cd 111 IL 1~i1~g-Sl l iLp~d I G L ~  pips, placed at a 
suiln1)lc 1lc:ig:Iit nl)ovc: Clic w id  iuixturc, arid in orilc!i* 

. 
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sliccts of lcacl which close it from the top. Gases 
C ~ L I Z  ~sc:tpe thr~uglz  the pipe D, which is fitted with 
;til observation glass E. Through the cover a ther- 
moiuelcr is fixed which dips into the liquid, and there 
is d s o  a pipe I< which adinits the mixture coming 
I'roiii thc nitmtion apparatus. T h e  pipe at  the 
lowwt cxlretnity is fitted with a spy-hole P and con- 
tiniws i n  p i p  G ant1 is fitted with two or three 
tiips 1-r. 

\Vhcin the niti.a,tion inixtnre is admitted, jt re- 
~ t l i ~ t i l l i i  sloiiding !in. almlt hdf an  hour, whereupon 
t I i ( !  riiti.o-glycct.inc flotvs through J to L in such a 
i t i : i i in(w thnt only a little nitro-glycerine is floating 
011 tlic w i i h  ihcicl. This is sepauated from the acid 
I)y i i i c l i ~ ~ i s  of tlic tal's (+ imrl H. The nitro-glycerine 
is t,hon washcd in I; and stirred with compressed 
:Lii*, introduced through N, and the washing water 
t h c b i i  flows aw:ty tlirough M. 

Tllc wzstc ihcicls which have been separated from 
titic: nitro-glycerine :we passed into the separator for 
t l l c  1)iirposo of further extraction, where they are 
rhllowocl to relilttin nnilisturbed for a few days, in 
ortl(:r thnt iL17y wsiduc of nitro-glycerine should rise 
to tlic siii*I:bcc, i L l l ( 1  1~ collected. In order to extract 
tllo iiitric acid ;L tlenitiificator is employed, a four  
1tl(:tr(t lligli cyliiulcr with acid-proof stone lining in 
wI1ic:li tile acid flows over pumice stone or coke, 
~ I i i l s t  Ui*oui urideuneatli air and water vapour are 
i i i t i y )du~~d .  33y this iiie:i,ns the acid splits up into 
Ilibric acid of about YK' BBQ., and sulphuric acid of 
$ ( \ ' I  131~. Vliich can Le sold as waste products. 



1 
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of nitro-glycerine, whioli is dcciclaclly imrc  thaii is 
obtained with tlzc older inethod. 

The separation of nitro-glycerine f'roiii waste acid 
is often delayed by tho separation ol gelatinous sili- 
catcs. It has been attempted to 1)rcvent the ap- 
pearanco of this plic>iiouiciion by addition of various 
substances, such as parafliin, 01' h t t y  acids ol high 
iiiolecular wcight (0.5 to 2 parts pci* 1OOO oT glycer- 
ine by wciglit) or by tlic a,cldition ol O402 per ccnt 
sodimii flnouidc. The  sodiiiiii f l u o d c  acts in such 
ii iiiitiincr that silicic acid is convurtcil into silico- 
flnoriil c. 

Glycorinc hei  th rue hyiluosyl groul)s, so that it 
can l01*111 tlir.cc llitribtes, thttt is Lhrcc nitric acid 
csicrs, iLccor(liY1g ;LS ; L ~ I  thrcc or only two, or O ~ Y  

one hydwgcn atoni is rq)Iacccl by  Ihu  NO: group. 
As ordin;try iiiti-o-glycorinc, that  is lri-nitro-glycor- 
inc, frccms easily a,ii(I in its frozen condition is faidy 
susccptiblo to ;t blow, whilc! on thc othcr htmd, 
othci* glyccriiw nitmtcs do not possc 
istic, and also in :b liquid coiK7itioii ar(: Ices sensitive, 
they h v c  been i~iorc in Javoiii* lately. T)i-nilrate, lor 
irifitancc, :LS long :LS it is Frc!c$ 1"u w:itw, tlocs: not 
Lccoinc scilicl, oven at t l ~ i  lowest wintc.i* iciti])ei~abures, 
hut i t  al)sc?i*b~ water f ' 1 ~ 1 1 l  Cho air, i ~ ~ l d  th(!n also 
frcwcs fairly cnsily. 

Less sonsitivc ; L i d  c;Lsicr io Imducc is tctm-nitro- 
glyccrinc 

C , E , ( O  . NO,),\ 
C,R,,(O . NOs)./' 

which is prod~ced by nitmtion of di-glycerine. 
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Di-glycerine is produced by polymerization of two 
iiiolecules of glycerinc and the splitting off of one 
inolecule of water. It is suflicient that to the filyccr- 
ine to be nitrated ‘20-95 per cent di-glyacrine bc 
added, in order to obtain nitro-glycerinc which will 
be sufkicntly resistant to cold. 

By the nitration of chlorhydrin (RCC 13. 14) ,  di-nitro- 
mono-chlo~:h;vd~ii~, O,jHr,Cl(O . N0,J2! whicli is not 
hygroscopic, can bc obtaincii, m i i d  even at teiupera- 
tures of - 30’ it will not fi*ecze. IC is easily dis- 
solved in t~i-nitro-glyceriiIe! niid an addition of‘ 20 
per cent is sufficient to render the niti*o-glycerine 
non-freczing nndei- not too cstrcinc circumstmcrs 
(1l.B.P. 188, 400). As di-nitro-~~~ono-clilo~li;ydri~i 
is, nioreovcr, inucli lcss seiisitivc than nitro-glyccr- 
inc its use is more prxtical.  Niti-ntcd chlor- 
hydrin can be dispatchod ill quantitics up to 200 
lig. by the (+cri~~tm railways, whcrens thcl trnns- 
port of nitro-glycerine is a1 togcthcr I)rohil)itcd. 

Pure nitro-glgcwinc t l l i~t  is ciitiuc~ly lrcc lroiii 
acid and water, is a colourlcss, o r  m t  least a vcry 
faint ycllow  liquid^ with a swcclish burning tmtc,  
aiicl odourlo.;~. Th c spcwific gravitIy of pure nit8i*o- 
glycerine ir I..(;. 

Nitro-glyccrine is l)i*nctic:~lly insolul)l(~ in watm. 
With ethcr atllil iiictllyl i~lcohol it i R  miscibI(~ in  iL11 

poportions. Beforc the usc of nitro-glycccliiio for 
dynaiuite 111 its lion-dangerous xtihtc 171~(1 hcen (lis- 
covcrocl thc explosivc oil was dissolvcil. 1x1 inotliyl 
alcoliol. In this solution the substmicc was ilcprivcd 
of its esplosive qumlitic~s. 137 adding water it wilts 
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of the Nobcl liquid and solid nitro-glycerine lit~s beon 
found to be 1.509 and 1 .735  respcctivcly, which 
shows a contraction of :;\. This last fmction 
corresponds entirely with that obtained by Mowbn~y, 
and therefore the physical constitution 01 tlic Nobel 
esplosive oil is identical with tliat O T  l'lowbrey. 

Explosive oil even in siiiall qii:mtitios is ~~oisonous.  
In this conncsiun Hchucliardt has ~ n ~ ~ t * i i i i c i i  tctl o n  
hiiiiself, ancl reports l ~ l l o w ~  : .He bWiLIIOW(~(1 i b  

drop ol nitro-glycerine a i d  soon cspwicncoil gi(1di- 
ne36 and wealieriirig 01 the sight, I I O S C ~ ~ L U ~ I C ,  IiLShitntlc, 
sleepiness arid a stroiig, spicy tastc: and i ) [ ~ i ~ i r i g  i r t  
his throat. An liour Intel., wlicii l)y iiiatlvcrl~~ncc lie 
swallowcd mom nitro-glycerinc, he s o o ~ i  iioticecl : ~ i i  

increase in the symptoiiis. 'Ihcn lollowctl uncoii- 
sciousncss, giddiness, trciiihling, violent t l~rol)I~i i~g,  
Iieaclaclie, and aversion to light ; :B locling ol col(1 
was followed by a fccling of heat, I I ; L I I S C ~  withoiit) 
vomiting ensucd, but %here wore 110 c i ' a i ~ ~ ~ ) s ,  and Cho 
following day no lurtlzcr clTcctr of the: iiit~x)-gly( 
were noticeablc. 

Worlmicii who USO nitro-gI,ycci~iric I'oi. I)Insti~ig 
purposos easily get l~cmlocl~cs .  Tliis Iias h w i i  os- 
plaiiied by the lact that  iiitro-gl,ycci~~ii~(! c!ahily pc r~ t -  
trates the skin, and so ~ : L S S C S  iiito tlie 1)Iood. I I L  
order to avoid d i ~ c c t  ooiitact ol' tl10 skin with nitro- 
glyceriiic tltc worlimen :BI*C allowcd to WL':LV r u l ) l ) c ~  
glovcs, particularly in ihe prq)arotion of d,yn;~ii~ilo, 
but most ol tlieiri fkid that thcw gloves Iiintlci 
them in their work, and do not usc l ihc+~t i .  

As antidote to such nitro-glyccrino poisouing, 
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I ) l : ~ k  coffee ha8 bce11 recommended, rubbing in of 
w:bsliing soda lye, mid aqueous solution of hydriodic 
Mid, whicli is said to decompose nitro-glycerine and 
IT I'( )17 11 s t l ~ ?  gly cerinc. 

Tn otdcr to detect thc presence of the minutest 
pwCiclcs of nitro-glycerine, i t  should be mixed with 
m i h c  arid concentrated sulphuric acid, when if 
t r m x  of iiiCi*o-glycerine are present a purple colour 
oiisiics which h ~ l s  green on diluting with water. 

~ ~ ~ X l ~ l ~ O S I O & !  O l p  ??IrL'l20-~~LYCERINE AND THE 
h S T J  L'L'IXG GASES. 

Nitro-glycerine explocles when heated t o  280° or by 
soiiic violent sliock, or, finally, by violent apd sudden 

urc 1)rouglit olmut by the explosion of the 
strong Inliuinating preparations (fulminate of 
i i ir~ciiry) with which it finds itself in contact 
(Nobol's I'iwc cartridges). I n  each of the  three cases 
ii, is ~iciit elone, or war~c converted i i t o  lieat, which 
hririgs :Llmiit the csplosion. If nitro-glycerine is 
t~i~i*(~I'llIIy wai*~iistl, tllc11 at about 100" decomposition 
w t s  i n  cvit,Il lil)cra,tion of hyponitrous acid. It is 
n t d c t l  tliat nitro-glycerine can be volatilized entirely, 
w11on gi*;~tln;~lly I~catetl, without any explosion taking 
p1:LW. 

( ) t i  hca,ting:, nitro-glycerine behaves as follows : 
;I,(, IW' it ImiIs with evolution of yellow fumes, a t  
1 : ) d l  I ~ l n w  vo1atiIiz:atinn takes place, a t  200" rapid 
vol:Ltilimtion, ni; 218 strong combustion, a t  211" 
(sligllt) (l(>toii:Ltion, ;it 267" strong detonation, a t  257" 
bv(q,lc (lc:ilori:Ltioil, with f l i L l n c .  At red heat the nitro- 
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glycerine volatilizes without cletoaation, 1)ccaase it 
passes into the so-called spheroid condition. 

A very important ckara,otcristic oT Iiitiv-glj ucriiie 
is that the temperature at which it explodes docs ]lot 
coincide witli its ignition tcriipcmtuvc, lint is iiiucli 
higher. Therefore nitro-glyoei.ine (in coiit iwt to 
gunpowder and flocculent giiri cotton) bclong:.1 to tlio 
indirect ezplo~sive subst(.mc(?s. This ( j l ~ i L l i t ~ ~  is O S  
the highest pmeticiL1 iiiiportmcc ; :tiid i t  i:.1 t1i:Liilis 
to this quality that exl)losive oil LLL Ol'(IlJ1iLL'y ~ C l k l p c l * i L -  

tures when ignited bums with ililliciilty but iiovci' m- 
plodes. It has burnt out beloit  it liiis i ~ ~ i t c l i c ~ l  
explosion point. Therelore theix is s(:;Li*col.y :illy 
danger when nitro-g!ycerine ignites, pi~widotl tlii~t 
not too great quantities of explosive o i l  :m rLtt:tc:kcvl 
by fire. 

already stated does not explode. Ihiring soiiic CK- 

periiiients which Nobel coi~cli~ctecl in thc  1)i'(?soiice ol' 
several scientists at  Stora Ahl1)y in Swctlcn i i i  1 t-l(iT, 
nitro-glycerine could not 1)c ignited I)y toucliing t l io  
surface with a red-hot iron h i * ;  ignitctl witli i i  cliil) 
of liurning wood it burned with h i i i ( ~ l ) i i i  w i t l i o i i l  t x -  

plosioii, and the flamc died out iiiiiiictli 
was wmoved. If csplosivc oil is siil)ii 

entlg it docs not explode. On the otliclr. 11:~11(1 ii,  
cxplodes each time in thc? cihse 01' siitldcii sirong 
pressure, lor instance a heavy blow. Hut t1w (3s- 
plosion of the portion snbjcctcd to tlic p ~ ~ ~ i i i * c ~  d o ( ~ s  
not coiimuiiicatc itsell to thc i ~ ~ m : ~ i i i d ( ~  ol' t l io IIIILSC;. 

t 

In the case of direct ignition nitro-glycci*ino ;LS [ 

ally increascd, and finally v c ~ y  rh-ong pi*($ssiiiv, i i , p l ) ~ , t - -  i 

t 



When at Rennlioppel near. Eaiiiburg in March, 18Ci(j, 
Nobel shooli- some clrops of' nitro-glycc~ine on an 
anvil and had it violently haniinercd, ohly the nitiul- 
glycerinc that came in cliroct coil tact csplodecl with 
a loud report, but the csplosion (lid not cxtcnd. A 
sii~all bottle coi?t,aining iiit,i*o-glycetinc ann Ijc thi owhi 
against a s to~ic  irn such 1~ I I I W I I ~ C ~  as  LO brei~k, but thc: 
preparation will not esploilc. 

E"oriiiei.ly tlicre existed thc CPI*OIICOUS opinion that  
frozen ni tro-glycehe ww iuorc siiscepti1)le to blow 
or shock thiui Ihe liqnid nilro-glyci+riiic. The Tact 
is, however, as cshnustive cxpci*iuients h v e  proved, 
quite the contrary. Siiriplc rcflection proves thi%l, 
according to  physical laws this musf be so. 

The blow or prcssure to wliicli nitro-glycerine lias 
been sulmitted i4 convertid into heat, just as :my 
checlied iiiotion cir movementl is convcrtecl into lieat 
(compare, lor instance, the hcoting of ;L wliccl, when 
the bmke is applied to :L ti*:~iii). The blow or 
pressure :%duiinisterecl to tlic nitro-glycerine iiiust 
tlierefore be snl'ficicntly pow nl to raise tlic heat 
o€ the nitro-glycci-inc u p  180 (its explosion 
tcinpeuature). Ti1 ortlcr, liowcver, io l ici~t frozen cs-  
plosive oil l o  180 it is ovitlcmt th:ii i i io i~?  lieat is 

inc to bring it  to 
the m i i c  tciiiperotu~e. J+t. its i~rds I 'i~)zcn nilla- 
glycerine licating lor iticlting purposcs niust IN ap- 
plied, in a word tho I ' i ~ ) x o n  xiil;i~)-glyceriilic inust Sirst 
of d l  be supplicd with its la,tmt hcat ol' fusion. In 
this conr~ectioii all pr:LetimI c!spctniuicnts Ldly. 

w ~ i g h t  of' liquid nitro-gly 



Quantities of fulniinating mercury, whicli certainly 
cause explosion of liquid nitro-glycerine, leave 
crystallized nitro-glycerine unaltcred. Moreover, 
solid and licyuicl nitro-glycerinc were placed in a thin 
layer on a flat anvil of Bessemer steel and a wrought- 
iron heniiiier was allowed to fall on the anvil. 117. 
this instance the average drop lor detonation of the 
liquid nitro-glycerine was 0.78 in., whereas fmmn 
nitro-glycerine only exploded at a drop of ‘L-l:{ 111. 

I n  any caw Prozen cxplosive oil sho~dil never I)e  
touched with sharp and pointed instruiiicnts, and 
should always be thawed in ciynar~lite-lzei~ting or 
similar apparatus by tlie use ol hot ,  not boiling watcr. 
If nitro-glycerine is not sbsolutely pure, very  of?^, 
as in the case of impure gun cohton, spontaneous 
decomposition t a l m  place, which may or~sily cause 
explosion. Tlien glyccric acid and oxalic acid aro 
formccl (by osiclationl. At  the sainc tiiiic tlic nitro- 
glyccrinc in process OT dccoiiiposition tal-ns firmi, 
and forins nitmzs acid, nitric oxidc, and ua,ubonic 
acid. As nitro-glycor is geneidly kept in well- 
closed bottles, tlie g ~-esultiiig froiu tliis spoii- 
taneous deconiposition cannot cscapc, and thercforc 
exercise great pi-essiire on tho nitro-~lycci.int?. Uiidcr. 
these circuiiirtances the sligh tcst blow 01’ shock is 
suflicient to cause explosion. 

As to whetlicr ruch a ilccoinpositioii is in 1)rogrcxs 
limy be kriown by tlic reddening of bluu litiiius palwr 
dipped into the nitr.o-glyouri,nc. 

If csplosive oil should ex~~lodo in a ~ lo scd  rooi~i, it, 
cxercises very violent prwsurc. ‘I’his is t,ci 1)c at- 

I 
i 
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damp 01 coal dust, and are used in mines undcr tho  
name of Wetter dynamite. 
In the second case by the production of explosive 

gelatinee, the duration of the time of gasification is 
extended, which at the smne time rcsultq in I i c t ~ t  
losses ; whether this loss is counIci~balanc:c(l by  tlio 
fact that the nitro-cellulose coiriplctcly burns thc  
nitro-glycerine at the espense ol  thc snrpli~s osygcn 
must for the time being remain in dicysnce. 

I n  the technics of explosives nitro-glyccriiic has 
been applied in several ways; the first esplosivc 
preparation used by Nobel was constructed in such a 
manner that cartridge cases of sheet zinc, the dia- 
meter of which was soinewliat smaller then that OI 
the bore hole, were filled with gunpowder and so 
much nitro-glycerine was poured on it as woulti 
find room between the grains or powdcr. When 
the cartridges had been suiik into the bore holc thcy 
were covered with a layer of powder 22 min. high. 
The charge was ignited by inems of a quick 1n:Ltch 
or percussion cap. 
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THE manifold drawbncks coiinectcd with I h c  usc 
of nitro-glycerine in tlie liquid staie, ant1 particu1:wly 
also the endeavour to render the manipulation of the 
explosive oil less fraught with danger by mixing it 
with a non-active solid comlmiient, hitve resulted in 
tlic explosive oil being al.mrbcd by porou~,  solid sub- 
stances, and being employcd in this new form under 
the name of dynamite. 

Foriiierly under the tlcsignation dynaiiiile only 
that preparation was undarstoocl that wm obtained 
by  tlie absorption of explosive oil by I i i~elgnhr  
(kieselguhr dynalnitc No. I). 

At 1)rescnt ilynainilc applics to :my csl)losivc snL- 
stance impregnated with nitro-glyccrinc, the niitllrc 
of the absorption substancc being irnuiatcriel. 

Kieselguhr is erroneously designated infusor.in1 
carth, as formerly the diatoiris of which it consists 
were considered to bc infusorial plihtcs, whereas t h y  
sl)ring lroiii a gcnus of phnt  to wliicli algae belong. 
They are surronndctl with a vcxy strong silicic iLcid 
coating, end under the microwope tlic lorm is that 
of &,dish,  1~ boat, or a pipe. The appcarenco ol' 

ins) 

I 
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MANUI~A(~TUILB 0 1 ~  KIESELGUHR DYNAMITE 

‘L’ll~! Infrlqoktl Garth’ used as absorbent for nitro- 
glycot.irio is I‘omid in iuany places, but that occur- 
i-iiig in ibll  cxbensivc layer near Oberohe (province of 
IfitlloV~r) is paiticularly fine and suitable for the  
i m i i u l ‘ w b u w  ol’ dynoinile. 

‘l’lic ~ K , L W ~ ~ C ~ < S  of infusorial earth for the manufec- 
b i i r c ~  oC tlyiininitc arc the moisture contained, organic 
tIlibtt(>r, iIlld C O ~ I ’ S C  grains. In  order to remove the 
two h i ’ h t  thc infusorud earth is heated’ to redness. 
It is plmxd in a fumace or  stove containing four 
snpc~i.-iit~pc,het~l trays, i n  which the infusorial earth is 
gr,uliudly sliiftcd from the upper to the lower. In 
o i d o i :  to ~i!inovc che coarse grains the heated in- 
l ~ ~ ~ i i ~ l  (>iLl‘tk is c ~ z s h ~ d  by hand rollers, and shaken 
tli rorigli iL siove which retains any remaining coarse 
gl~i&llis. 

‘l’hc, itiising oL tho nitro-glycerine usually takes 
p l i~co  in tlic? sitlllc shed in which the plant employed 
lor t,l IC! fintLI clcaciilifying of the nitro-glycerine is 
Iloirstitl .  Onc! hiiiicireil and fifty kg. of explosive 
oi l  is poiirod OWL‘ 5 0  kg. of inl’usorial earth con- 
i ,n i i icq l  in 11iLb wootlon cases, and the workmen 
l<i io:~( l  Illis iiittss wi th  their naked hands. As nitro- 
glycoi~iiic ciLsily porzc4rotes into the  skin, the work- 
i t 1 o i L  ~ ( 1 1 ’ 0  givm i*ul)l)er gloves to protect them 
ibgiLi t i sb  t,li(> 1)oisonous cifccts of the nitro-glycerine. 
r l l l I(~y,  l~owovc:~,  soon disponsed with the gloves, find- 
iilg it ciuicr to wouli: with their bare hands. In half 
1111 liow’s tiiiio tlic itiisture is ready. The mass is 
t l l c ~ i  pI;~oc:il 011 i ~ i i  iron wire sieve, the meshes of which 
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tuiiately ncciden ts are not s n  exception in coiinectioil 
with this operation. I t  may, however, confide11 tly 
be said that the greater iiuiiiber ol the esplosions 
would not have occurred had the nccessary care been 
exercised. I t  is just the 1-clatively great lack 01 
danger with which dynaiiiite may be handled that 
only too easily inspires the ignorant worlaucii witli 
a. leeling of security. Only too frequently dynaiiiite 
is handled witli the utmost carelessness, or rathei. inis- 
handled, and it is really wonderful that eslilosions are 
not more nuinerous. Only the most careful enliglit- 
ennient as to the explosive characteristics ol‘ dyna- 
mite, the niost accurate instructions as to its 
manipulation, and absolute severity in case of any 
infringement will in future help to lmvent  Chcsc 
esplosioas. 

THE P~OPPI~TIES OF D r ~ n i w r ~ r ~ : .  

Dynamite is a dough-like, plastic nims 01 1.4 
specific gravity of a yellow reddish colour, and greasy 
t o  the feel, and odourless. It consists ol’ about 7 5  
parts of nitro-glycerine and 25 parts liiesclguhr. 

Dynamite can only be made to  explode by nieans 
of explosive substances, percussion caps, red-liot 
metals, sudden heating to a high d e p e ,  or by a, 
violent blow or shock. Conling into contwt with 
light, a niatcli or burning fuse, it burns without ex- 
ploding just like damp paper. The reason lor this 
is that d j G ” m e  in comiiion with all nitro-glycerine 
preparations belongs to  the indirect exylosive snl)- 
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stances, bectiusc its explosion temperatnrc is con- 
siderably higher than its ignition teinperature. 

The kieselgnhr of llie dynamite retains the ab- 
soiked nitro-glycerine so tenaciously tha t  even strong 
pressuuc will not force it out. The rcason why 
such a, consitlcr:alile additinn of kieselgulir to tlie 
niti*o-glycerine sho~dd diiuinish tlic explosive action 
to sucli a slight dcgrec is that this :Lilinixture does 
not disturb the nnintcrrul)ted cohesion ol the explo- 
sive substance. The ~ l e t o n a t i n ~ ~ i i l i ~ i i n a t i n ~  niercury 
in the percussion cq)s, surrounded by sucli a mixture, 
is at  all points in contact with a portion of the 
nitro-glyccrine witliont the cohesion of this latter 
su1)stance being dihturbed. Therclore, Clie detona- 
tion spreids througlr tlie inixture with as much case as 
if. the liquid were not iiiiscd with such a s u h t m c e .  
If, howover, a solid, incrt I)ocly is iuised with a 
siinilar mlicl, Iiiiely distributed, explosivc! substance, 
then the developnient ol' the exl)losion, or its rapid 
transmission is chcclicd, owing either to reduction in 
tlic contact h t w c e n  tlie i l~ ton i~ to r  and the substance, 
the esplosioii oE which should be elIcctcil by the 
loniier, or to the uesistnnce oll'creil by t l ~ c  intcrven- 
in:: non-explosive l)iirticlos to thc mpid spreading of 
the explosion, 01% to both O ~ L U S C R .  Thus, for example, 
the oasy csl)losion 01 Fu1iiiin:Lting iiicrcury is con- 
sidertbly wed~ciicd i l  Inisocl with a non-active, fine 
powder siicli as Spanish wliitc!. 

Brought in contact with fire or glowing bodies, 
dynaiiiik even in (limntities oJ' scvcm1l;ilogra~ns Lurns 
without cqIoi1ing iU it i h  not 1 ) d i C d  into to0 kight 
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A~PLICATIONS OF KIESELGUHR 1)Th'AMI'l'lt. 

The advantages of dynamite as Dl1 esplosivc ov(fr 
black powder consist in the far siiiipler ~t11d ltlr)r(j 

rapid manL1facture of dy~alnih?, in tho C C 0 l l ~ ) l l l Y  

effected in time, money, &]Id l & b o ~ ~ ~ . ,  ihnd in Lh(: 
greeter availability of dynamitc, lor csiLI11pI(> in l)lilst,- 
ing dainp rock or without the iicccssity ror taiiiping. 

For blasting operations undcr. w:Lt(lr, w~tc~rpi-ool' 
casings for the dynamite cartridges iwc ncct 

No other explosive has attained i~ngtliing lilco 
such a wide application as dynaiiiitc in its (liffcimt 
grades (dynamite 1, 2, 3, and 4 ) .  Tn civil 1)r:'tclicci 
i t  is used for the blasting of stone, wood, icc, iron, 
masonry, for loosening the soil in a,gricnlturc ant1 
horticulture, as well as for the rcIiioval of' strirnps of 
trees in forestry. 

In warfare it is employed lor the desLructicm or 
cannon, masonry, palisades, as well 3s Tor srilmii~rinc 
blasting, as filling for sea mines and torpedocis, in so 
far, in the latter case, as coniprcssed gun coiton is 
not used. 

The violent shock produccd by thc oxplosioix 
under water stuns the fish for some dirt:mcc rom1(1, 
and they collect on the surface of the wmtcc. 

This was taken advantage of during tho sicgc: of 
Paris to carry out fishing on a 1iLrgc scalc. Also 
poachers more often than not mol<e uc;c or this V O Y ~  

convenient method of illegal fisliiilg. 
gieselguhr dynamite No. 1 is up to tllc ~ I Y X ~ I ~ ~ ,  

about the only representative of dynniilibc wit11 
chemically non-active absorbent. 
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Prepared calcined clay has also been reconimended 
as a substitute for infusorial earth. English china 
clay, at present being csported in large quantities to  
the Continent (to paper and stoneware factories), is 
particularly suilsble 1 or this purpose. II' this clay, 
siiuilar to liitolin, is gently hciLtCd t ~ m l  thon iincly 
growid, it is ljy no i i i ( m x  inferior to i~~I'L~sorii~1 carth 
tts i m  t t l ~ w l ) o n t ,  in h c t ,  it is cvcn superior on wcount 
O C  its :ilkdine p"*Lies. 'I'his sniall ainonnl o l  
alkali would at oncc bind the i>ciif resulting from the 
decomposition of the  nitro-glyccrinc, that is it would 
render the deconipc,sitioiz htwtnless. Moreover, by 
the application of heated c1:ty in iiitiuy ewes the 
often very distant trtmsport of infusoiG,l earth would 
be avoided. In  order, I~owevcr, to distinguish this 
kind o l  dynamite from the ordinary kieselgizlir dyna- 
illite it should be called (' clay tlynaiiiite ". I3oghead 
coal ash has also been rccotuuiendcd aq an absorbent. 

( h )  DPNAMITJC WI"T CTCYZMKO,~T,I,Y AWING ATWORH~~NT.  

Here we have, as luts already lrcen mentioned, 
I itholmlrteur (Iioloniill powder) , 13r:Lin's csplosivc 
powdcr, lignose, dudin, cellulose ilyn:miitc, tlyna- 
mites Nos. 2, ;3 and 4, gun-cotton tlynmiitc and 
geltitine dynamite (uxplosivc golatine). Wc will dis- 
cuss these explosives in tliei, orilcr :- 

1. T,bthoSl.alctccL,..-Ver~ incoinplste mid oltcn 
wroneous stateiiients have h o ~ i  r u d e  with rcgihrd 
to t h i s  explosive substmco discovered by l iwl~s  
Uros. & Go, and rwanufuicturcrl in Colognc, and which 
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in its action is practically similar to kieselguhr 
dynamite. 

Krebs' lithofrakteur contains iii 103 parts 5 5  
parts of nitro-glycerine, and although this is 6 0  
parts less than in kieselgnhr dynamite, yet;, in 
spite of this, the explosivc power o l  1ithofml;tenr is 
greater than ol dynatiiite No. I on account of t l i c b  
entire burning of the nitro-glycerine and the prescticc 
of other iiiutually reacting clic!iiiicel substtmccs, wh io11 

in an explosion dcvelop a vc3i.y high icnil3cmture iLntI 
EL l a~ge  quantity oi' highly cqmiding gl~scs .  Owing 
to the nature of these substances and the coiiiplutc: 
burning of the nitro-glycerine in t h c  litl1ol'riikt(>ll~, 
these gases consist only ol carbonic acid, hydrokcn, 
water gas, and a trace of sulphurous acid; they i%1*0 

free froni steam-vapour and in no way injurious b o  
health, neither do they iliin the light of the lttiups 
in the mines. 

The 45  parts other than nitro-glycerin0 wliicli 
coiiipose litliofrakteur contain only 21 parts 01 
infusorial earth and 2.1 pauhs of' olher absorbing 
substances which not only liccp tlic nitro-glycwin c 
in suspension, but in the casc of an explosion wo 
almost entirely converted into gases of high t cmpcp  
ature and dilation. 

These substances are cmbon, prepared h m ,  p c -  
pared sawdust, barium nitrate, sodium sesqui-carbon- 
ate, manganese, and sulphur. They are choscu in such 
proportion that in an explosion they develop tlic 
highest temperature and largest quantity oi' gas, a11d 

the following points of view are considered : Cht~r- 

4 
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coal, prepared bran and prepared sawdust, Prec from 
resin and mixed with saltpctre, are not only good 
absorbents for nitro-glyccrinc, but in an explosion 
they are completely transforiiied into carbonic acid 
and water vi~pour owing to the surplus oxygen. 

The small addition oi  sulphur is also converted 
into gas, sulphurous acid, whereas the  barium nitrate 
and maiigta” tit :I high tcinpcrature give ofl a large 
cyuaiitity oi‘ i ‘ i w  osygen wl+i efiects the entire 
couibustioii ol’ nitro-glycerine, carbon, bran, sawdust 
and sulphur, and ciLii$es the higlies t possible temper- 
ature. 

Finally, the :Lddition o l  n, siiiall quantity of sodium 
scsqui-carbonate has a twol‘old object. In the stor- 
iiig and nunui‘actm*c of lithofralttcur this acts as a 
protection agaiiis t spon timeous eo1 itbus tion, which 
would be possible iii the casc ol‘ nitro-glyccrinc, 
which tlirougli cueleasness might not be yuitc lree 
from acid, because such traces o l  acid would be 
neutraliaed by the prcseizcc ol‘ tlic sodiuai sesyui- 
carbon at  c. Pm.tl icr, if li tliol~alc t cur is igiii t cd, the  

yui-cd)on:Itc is dacomposcd in to lree car- 
aiid caiisiic soda, owing to tho great licat 

resulting froin tlic c>splosion, wlic~ucl~y thc qn:m tity of 
dilating gases ant1 powci. ol‘ tho osplosiw substance 
arc considerably iucrwscd. 

On sctting lire to :L litl~olmltteur cartridge in the 
q)cn  air, not tlic slightost trttco of siriokc is to be 01)- 
served, ne i t lw iq any oilour pcrccytiblo. Litho- 
Irakteur buriis cvcrily with iln ornng:c-yellow Ilaine 
:mil leaves :I gritty, grey t t sh .  

* 

Y 
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This ash treated with water arld liltei.ec1 shod..; 
only a weak bariuili reaction, a proof tlmt the bmiillt1 
nitrate (soluble in water) contained in the litho- 
frakteur has been completely decomposed on burizi11g, 
barium silicate being fol'iiied, and the  nitrogen of' 
&e nitric acid in the o ~ i ~ i i i a l  1)sriuiii nitrate 11:LH 

been liberated and has exorcised ibs csprinsive poWm. 
Moreover, there is no sulphur coiq~ouncl to I)(! 

found in the filtrate. On trerhng the residue witli 
hydrochloric acid there is no tlcvelopaieni; of ca r -  
bonic acid ; a very faint rcact;ioii for sulph.urettc!tl 
hydrogen is perceptible. The small amount oE 
sulphur has also been dissipated. 

The remailling organic substaiices have, on 11um- 
ing, partly hastened this decoinpositioii, and owing 
to the formation of their own p s c s  have a d v ~ ~ n -  
tageously increased the ssplosive power of the es- 
plosive substance. 

If the composition of litliofraktaur i s  more ca,rc>- 
fully examined, it will be found to contain practi- 
cally the saxe substnnces ,zs in 11I;~cli powclc!r, iiiixcd 
with dynamite. Instead of tlic potassium niti:ate i ti 
the powder, bariuinnitrate is in t i i s  case substitut(:d. 
The reiminiiig substances snpply the c d m l ,  y l ~ i l c  
nitro-glycerine and infnsoriel ~ m t h  (ingrtdicnts or 
kieselguhr dynamite) rridre 111) the other pwt of 
the explosive. 

Lithofrakteur can, therefore, b c j  consiiiereil ;is :L 
connecting link between I~owc~c-!~: and dyii,zmite, and i t  
is so indeed. On the one ha id  it possesses inaii ex- 
plosion the driving force of giii~pwclor, rmd on tll.c! 
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cartridges, must therefore be attributed to the other 
added substances, whereby evidently lithofrakteur is 
distinguished from dynamite. 

More often than not i t  has been observed that 
dynamite cartridges, particularly when they are long, 
only esplode partly so that the lower part which is 
further from the percussion cap remains unburnt ; 
or in blasting operations without D, bore hole with 
loose tamping, p u t  of the cartridge is hurled away 
without exploding and is, therefore, without eflect. 
This has not been found to occur in the case of 
lithofrakteur owing to the easily inflariiniable sub- 
stances dispersed throughout the whole mass, and 
its not too rapid combustion. 

A furthcr advantage of lithofrakteur over dyna- 
mite is that in daiiip and rainy weather, when ex- 
plosive material must be used without casing, it can 
always be made explode whereas in a siiiiilar case 
dynamite sonietiiiies fails. 

Another coinposition ol lithofrttkteur is 6' w e n  as 
i'ollows :- 

54.5 parts nitro-glycerine, 14.75 parts barium 
nitrate, 2 parts mangancse, 2 parls soda, 2 parts 
boring dust, 1 part bran, 7 parts sulphur, and 11j.76 
parts kieselguhr. 

2. Iiolonial Potoder.-In the same way as litho- 
frakteur may be considered as a kiesclguhr dynmiitc 
mixed with ingredientB of gunpowder, so liolonial 
powder is a somcwhat modified forin of black powder 
mixture impregnated with nitro-glycerine. 

Kolonial powder was introduced into coinmercial 
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use by Wasserfnhr, oi  Cologne. li'reshly manu- 
factured, it gave splendid results. After expcriiuents 
at Bonn the preparation, under favonrable circuni- 
stances, was said to have an action five to sis times as 
strong as ordinary powder. On being put by lor somc 
time i t  was found that the nitro-glyccrinc selmratcd 
and thereby its use was attendcd with danger-. Bor 
this remun it has not bccn i ~ l : ~ ~ ~ ~ l ' i ~ c t ~ r ~ t i  h i *  niany 
years now. 

3 .  Brnir~'s Eqhsinc~ .7'o~~dc~~.---'I1his powder. I S  thc  
invention of tlic Jhglish iuining ciigiii~ct~, W. 3. 
Binin, mid  consists OE ( j o  pcr cciit o f  21 coui1)osition 
consisting of potsssiiziu C ~ ~ O I X ~ O ,  potussiuni liltfitto, 
charcoal, and oak sawdust and . I O  pcr ccnt o l  thc  
sanic explosive oil. 

Thc forcc of this explosivc iuey be take11 as 2 5 -  
30 per ccnt grcater than that of it Isiniilal: weight 
ol' dgnamite. It is cli~~racteristic ol' this esplosivc 
tliat its action inci.eoses in proportion :LS the resist- 
itnce and liarclncss ul' the ruated:~l to 1)c 1)lmtod in- 
crease. I n  the hs i l l t  (1"iLrries its octioii is R 

trenieiido.c~s uric, ~ L S  crpcriii~c~nts i l l  the At11 i i ~ i i  1) iLhibl t  

(IaiLrry neibr 01)crl;:Issd in the Sicl)ong:cl)it~gc~ IIILVC? 
proved. 
very slight :LS lhc iiiiLss is too loow :i,nd wl't, Ignitcd 
with ;I cl~icli I W L ~ C I I  I)ut willrout :I, lwrcuwion cap, 
thc powdcr burris ~ l ~ i c l i l y  with ;L ret1 hirly s~iioliy 
i-lanic but without exploding. 
4. Li0,iose.-WliercrLs the tlirec kinds of d p i t -  

mite which we hl~ve been discussing mi~y wcll 1 ~ :  
considered as mixtures of nitro-glycerine with chomic- 

On tho othci. h n ~ r r l  its itction in  IA)C  
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with a wator content of 15 per cent, if ignited with 
a Strong fuse (match). A inixture of 75  parts nitro- 
glycerine, 95 parts of gun cotton, and 2 parts of carbon, 
after imiiiersion in water for four days absorbed 15 per 
cent of the latter, but could, however, be niade to 
explode easily with it s'croiig fuse. 

The  manifest advantages ol this gun-cotton dy- 
1i:tikiitc resulted in an  atteiiipt being made to  produce 
an explosive composition with collodion cotton and 
ilynuiiiite. In this i ~ i m i m  explosive gelatine (gcla- 
tine dynamite) I V ~ ' L S  discoveid, which was destined 
to 1)riiig about a gi-ent iiul)rovoinent in t h o  production 
of explosives. 

The production of explosive gelatine is based on 
the fact that the lowou cellulose nitrates such as the 
collodion cottons containing 8 and 9 nitro groups are 
soluble 111 ether. As nibi~)-glyueri~ie is also an ester, 
then collodion cotton will be dissolved b y  it. Conse- 
quently, collodion cotton forms a iiiost perfect ab- 
sorbc!nt lor nii,ro-glyccrinc ; it is itscll liractically an 
c.\plosive, but it nJso iiiodilies considembly the pro- 
1)ertics ol' dyriiLlllite. Olio-hdf pcz ccnt o l  collodion 
cotton is sullicicnt, to ccmveit thc nitro-glyccrine into 
:I thick, jclly-like itii~ss, a , i~d t; pcl' cent, as is generally 
used Sou the  production of csplosivc gelcttine, on- 
alilcs tlie prodiiction ol a bough, solid, and horny 
like body wliicli can be cut with a lmil'e and 
inonldcd, whereas the best liieselguhr can only ab- 
sorb at the inost 80 1)er ccnt 01 nitro-glycerine. 

For the prepuation oC explosive gelatine, nitro-gly- 
c e i h  is hentccl in copper pans and nitrated cotton IS 
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lxixed with it by hand until a solid liiass is formcd. 
This reiliains froni three to six 1101irs in thc ~ ) X I S ,  until 
the mass has taken on an entircly tr:ar1spareiit ai)- 
pearanee, the water under the pam which 1liIs seived 
for heating froill 0(.)"-97" bcing contiilmal~y c~i i~ngcd 
during this time. It IS I h ~ n  stored 111 1'001ti helttcd 
to 50". ilfter this the gelatinc is 1)l:tccd in spvciiidly 
constructed presses whcre it is loixiet3 into S ~ , L I S ; L ~ C S ,  

and it is treated iii the sarilo w i ~ y  ils thc clynimiitc. 
In order to render it mscnsitivc to violcnl shocks- 
for instance, gun-shot-it IS given :tn sildition of 
camphor for war purposes. 01  cotitw, in 13111s 
case special fuse cartridges arc neccwary Lor ox- 
plosion purposes. I n  the plitce 01 caitil)Iior, l'itch, 
resin, aniline, diphenylamiiie, tannin, etc., lia,vo J!ccii 
proposed. 

Generally explosive gelatinc is coiiiposcd of !I2 l'er 
cent nitro-glycerinc ltnd ti pcr cent collodion cotton. 
Soinetimes a small percentagc 01 tlie 1;ittcr is rq)lt~ccd 
by saltpetre. 

As explosive gelatine, wlit.11 \torod, soiriotiiiios ellows 
the nitro-glycerine to  oozc out, :tiit1 is of no l ) i t r t ; ~ c ~ l ~ ~ r  
stability, gelatine clynsmite is inohtly iisctd for b h t -  
ing purposes. 

GeZati)ie Dymmide is iii:~iiufi~ctur~d froni nitro-gly- 
cerine and about 3 per cent collodion cotton by 11o;~t- 
ing the former in copper pons with wittcr i L t  !)7" 11p to 
50" or GO", and then the nitro-celliiloae is mixed in b y  
hand. After an hour's licating, lt syrup-like ln i tss  is 
formed with which the zuinic 1)ow(lcr, coi~q)oscd of 
saltpetre, boring dust, and soda is aindgamated. By 
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Per cent. Per cenC. l'cr cent. 
1 96.16 Nitro-glyceyine , 63.50 

65  1 3-65 Collodion cotton 3.5 
7 5  Sodium nitrate , 26.25 

SOd'L . . 0.35 

100~00 

This gelatine dynaniile is cttlleil " Gelignit ". 
I n  13nngland gelatine dynaniitc ii ~ L ' c I " ~  with 

80 per ccnt gelittine 3 rd  '20 1)cr cent m i i i i o  powder. 
The weaker kinds of ciyn:tniitc, Nos. 2 ;md 3 ,  

are composed oi'--No. 2, 4 5  per- ccnt geliblinc t m l  
5 5  per cent zmiic powder; No. 3 ,  14 pcr ccnt nitro- 
glycerine and 86 per cent suinic powtlur. 

Zwnic powder is preparcd in tlic following 
niaiiner :- 

35 Zumic powder .I' 24 Sawdust . . 8.40 

-- 
( 1  

70 pep cent Sodium nitrate 
15 ,, Sulphiir 
14 I ,  Chiwcod 
1 > l  Soda 

Particularly strong clynaniites w e  ol)taiiiicd by 
an addition of aiiiiiionium niti.:Li;c, as 1'( 1 1 9  instnnccb 
ainmongelatine, extradynmiiic~, olc.,  cite. 

We have now only lo incntion bricily tliifcrcnt 
dynaniitcs which are uscd in hlasting olumtions or 
are reconinicnded lor use. Thcy Lclong to t h o  
clsss of dynaniites with chcinicnlly iLctiVC itl)sO~bcni, 
but cannot ~ve l l  be placed in any ono of tlic three 
subdivisions given above. 

Ailininntin, invented by Justus li'uchs (in hlt I3crau 
They itre :- 
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in Silesia), which is a mixture of nitro-glycerine with 
a combustible organic wbstance (presumably shearing 
wool). 

Pantopollif, composed of 20-23 per cent infusorial 
earth;  2-3 per cent chalk; 7 per cent heavy 
spar and up to 70 pcr cent ol a solution of naph- 
tlii~leiie in explosive oil. This explosive was nianu- 
factured by  a lihcnish factory at  Opladen. The 
naphthalcnc was said to arrest t he  unpleasant fumes 
resulting Prom tho csplosion. T h e  explosive effect 
was good ; howevcr, the smo1;c and siiiell resulting 
lroin the discharge ol the shot was so unpleasant 
that  the workmen at once complaincd of violent head 
and cliest pains and for a long time could not con- 
tinue their work. 

RJresit, inventcd by C.  Uiller, contains 64 per cent 
nitro-glycerine, 11 per ceni. wood pulp, 7 pcr cent 
wood d w t ,  1 X per cent sodium nitrate. 

JItganit ol' Scliuckhcr LE: Go., coinposed of 60 per 
cent nitro-glycerine, 10 p c ~  cent nitrated wood, 10 per 
cent niti-atcd brwil nnt ,  am1 20 per cent sodium 
nitrate. 

oT Rcid :md 13oiloiid-90 per 
cent nitro-glycerine, 1 0  per cant cork charcoal. 

Iicclboiiit ol Schiiiidt and l3ichol--25 per cent 
nitro-glyccrinc, 4 0.6 per cont wood dust, 34 per cent 
wdiuin nitraic, 0.5 per cciit sodiuiu cnrbonate. 

Sto,iit of ScEiiiiidt :~iid 13ichc1-(\8 per cent nitro- 
glycerine, 30 pcr cent liicsclguhr, 4 per ccnt wood 
dust, t; per c m t  poLtLs4iiiii nitrotc!. 

D!jj/um I to of Voi-qys (Frizncc*)-7 5 per cent nitro- 



glycerine, 20.8 per cent rantloiiite (we:ttlicred fels- 
par), 3.8 per cent quartz, 0.4 per ceiit uiagncsiniii 
carbonate. 

HESCUZCS Pozodey (Aiiiericm) -40 per ccnt nitro- 
glycerine, 45 per cent sodium iiitr:Ltc, 11 pci' ccint 
wood substaiicc, 1 per cent kitchcn mlt, I p c ~  cont 
iiisgiiesium carbonate. 

VuZcaiz P o w d ~ r  (hinerica)-~30 pel. cent nitm- 
glycerine, B2..5 per cent sodiuiii nitrate, 7 p i *  ccnt 
sulphur, 30.6 per cent charcod. 

Sufetjj Nitr.o-Po1adri. (Aiiierica)---(jF?~.81 prr ccnt 
nitro-glycerine, 18.8,i pet. cent sodiuui nitmto, 19.8-1 
per cent wood substance. 

Judsou Poiodcr (hiiicrica)--5 per cciit iiitro-gly- 
ceriae, (id per cent sodiuiu nitrate, I ( i  per cciit 
sulphur, 13 per cent cannel coal. 

if tins 1 'owch .  (Anierica)-76 pcr cent iiitro-gly- 
cerine, 2 p i *  cent sodium nit]-ate, 2 1  per cent wood 
fibre, 2 per cent mngnesiuni caxbonnto. 

Viqo~i t  (Aiiierica)-75 pcr cent nitro-glyccrino, 
-1 per ccnt potwsiuiu chlorate, 7 pcr cc11 t pot:~v,i11111 
nitratc, 9 pcr ccnt wood subst;mcc, :i per wilt m ~ g -  
nesiuiii carbonate. 

the so-called " weather dyiiaiiiites ' I ,  

The fire-(lanip in coal-mines is a niisturc OS iiiiiic 
gas (Mutlinne CHI)  with at least ( 5  p d s  of a i r ;  
mixtures with inore mine gas are not explosive. 11 

I n  addition, pmticular mention should bo mu.l(j of i 

such a gas coinbination is ignited, it L u i m  with a 
fearful explosion, and this, unlort~matelg, cla,iiils an in- 

i 
s 

creasing number of victiiiis every year. Coal-dust, 
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i \ iore~ver,  if in the  air in a finely divided state, is 
e;bsily set five to, aiici tlic conibustioii spreads quickly 
a i d  td ics  011 the character of an  esplosion. The  
coiubustion ol suoli substances can also be brought 
iibotit 1)y 1)I:uding opcratioiis as well as by careless 
11~1,11dIiiig 0 1  tlic iiiiiie lanips. Therefore, in those 
iiiiiius in wliicli t l zc~e  is the danger of fire-damp, or 
ol‘ co:~J-(l~ist c>splosions, the ignition of the dynamite 
c1ii1,rgcb slioultl only be :xcoiriplislicd by nieaiis of elec- 
Iricit,y, i ~ i i ( 1 ,  t lian, direct exploding substances, such as 
pow(lor, cbtc., sliould not be used, as these bum too 
slowly, wliilst Clic coal begins to f ~ e e  itself, anci as long 
ibs t l icw is a portio11 of the charge in the bore hole, the 
opt’n comlmtion thereof can cause an explosion. 
‘J’hc~ePot*c:, only explosives such as dyiiainite of the 
strongest lc ind  should bc uscd, then the danger is 
vchry <:oniidci~~,l)ly ininiiniacd, and by careful choice 
O L  Il~tr ~ l i i b ~ . f i ( ~ ,  t h ~ !  d ~ i ~ b t t ~ l i  of the too violent 
slit~It,(~rii~g ol tho ood  is :Lvoitled. Mallard and L e  
( X i t ~ t ( r 1 i t ~  I‘onnd, J’rwtlicr, that all esplosive niaterials, 
til i t k  igii itic )ii t ( ’ l l l ~ > ( L i . i ~ t l l ~ C  ol  which were under WJO”, 
t l i c l  t i o t  igniI(1 fiiv-(lai~ip. T o  tlicse explosives be- 
long i b I I  Iliosc wliicli contain aiiiiiioniiiiii nitrate in 
1t1,rgc~ ( ~ t i t b i i  titic>s, s i d i  as ro lwi tc ,  aimion-gclstine, 
1 )P I  I i I,, c4c. 

I+iTIiLIIy, c ~ s p o ~ i u ~ o n t s  IXLW been made-apart from 
t110 propostds oC filling thc  bore-holm with water, or 
p t h g  tlic! ctwti’idgcs in C:LS~S  filled with water or 
s;mcl, in ordcv tliercl)y to avoid contact of the air 
with tlic! explosive: flamc-mixing with dyflamite 
soth ~.~ysLibls or sotliiini sulphate, tlic large allloullt 01 
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water of crystallization vaporizing in an esplosion and 
forming a sort of water jacket. 

These weather dynamites are of the following 
compositions :- 

Nobel's weather dynamite :- 
Nitro-glycerine . . 5 2  p ? I '  cent .  
Kieselguhr . . 14 ,, 
Sod8 crystals . . 34 ,, 

Aiiimon-weather dynamite :- 
I. IT. 111. 

Nitro-glycerine . . GO 50 40 
Sal ammoniac . . 40 50 GO 

These kinds are less certain than soda-weather 
dynamite, and in an explosion develop unyleasant; 
sal aniiiioiiiac luines. 

The former applies also to---  
Kubin's Weatlier-dynaiiiiie :- 

1. 11. ttr .  

Ammonium nitrate . . 4 0  8 - 
Nitro-beuzolgelatine . . 30 42 40 

Arnnionium su1ph:t'ce . . 30 - 50 

The following composition lor weather ilynmiiles 
has proved thoroughly reliable, a5 even whcn using 
1000 g. no explosion resulted:- 

Guhr dynaiiiite :- 
1. 11. 

Explosive Oil . 45 40 
Kieselguhr . . 13 10 
Magnesium sulphate . . 42 1'3 
Soda . . 1  1 
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Gelatine dynamite :- 
I. 11. 

Explosive oil . . 38.5 25 

Magnesium sulphate . . 42.5 64 
Soda . . 1  1 

A drawback, however, of a11 these dynainites con- 
sists in the fact that Ihr.ough the addition of soda, 
that is, owing to the water ol crystallisation in the 
soda having to be vaporized, the explosive action is 
somewhat lessened. Such dynamite might, therefore, 
be too expensive in coinparison with ordinary strong 
dynamite, the use of which as a rule offers the same 
security. 

Zumic powder . . 18 10 

Antnbo7agelntine dynamite contains :- 
Nitro-glycerine . . 25-30 per cent 
Collodion cotton . 1 ,, 
Flour (meal) . 10 ), 

Aintnonium nitrate . . 40-45 ,, 
These dynamites are much in use, and by the ad- 

dition of cooking salt the security against ignition is 
increased, 



CHAPTER IS. 

L IC AD GLYC 14; RlD 13; ( G LY C ICRI N 15 UEM k;NT j . 
IT? has been known lor some t h e  that  glycc>,rine 
which has been intimately mixed with protoxidc of 
lead (litharge) results in a mass which, after a short 
time, beconies as hard as stone and can he iiiployed 
for many useful purposes, but particuliLrly for the pro- 
duction of very resistant cements. It was first 
ascertained by experiments carried out by Morawski 
that glycerine with protoxide of lead foriiicd a coin- 
bination of a definite constitution-lead glyceride. 
The lead glyceride which results from th.e rriising of 
glycerine with protoxide of lead, is of the following 
coiiiposition C3135(FIPl>OJ -I- H,O and is crystalline. 
The crystals can be obtained in quite ;I p-ire form, 
tlittt is, in the shape of very siiiall nexdles, if to ;I 
solution of protoxide of lead in potash-lye glyccrine 
is added. 

The behaviour of glycerine cement on treatment 
with cheiuical reagents wa,s tried in such a, nianiier 
that pa~allelipipeds of 3 min. thickness were iiiade 
of the ceinent and submitted to the action of differ- 
ent reagents. Concentrated nnd diluted acetic acid 
easily dissolved the cement after three hours’ action ; 

/i Q/\l 

i 
.i 

I 
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concentrated nitric acid attacks it very slightly, 
as the  lead nitrate which is so difficult to dissolve 
Binders 'the further action of the acid; diluted nitric 
acid easily causes the dissolution. Concentrated and 
tlilutctil sulphui*ic acid (1 : 4) behave in the sailie 
iii;tiiii~r.* ;LS nitric acid. Muriatic acid, diluted as 
well as concentrated, lias scarcely any effect on the 
mLss ; potasli-lye soon disintegrates the coaiposi- 
tion ; ainiuonin solution hardly affects it. 

In i~ri(cr to ascertain the most favourable con- 
ditions for the production of the cenient between 
protoxide and glycerine, bars were prepared froin 
different iiiixtures of the two substances and water, 
of exactly similar size (25 mni. long, 11 nim. wide, 
and Y iiixn. thick), and their solidity determined by 
supporting them a t  each end nnd applying weights 
in the  centre until they broke. The table on next 
page gives the results of these experiments. 

A xnixtiu:e of 50 g. litharge and 5 c . c m  of gIy- 
cwine results tlierelore in the most solid cement ; 
but it is diillicnlt to  ma'ke, ;IS hardening sets in befoxe 
the inixture has been sdliciently mixed by inechanical 
uiwms. I t  is iiio1:e easy to niake such a cenient by 
inixing 5 volunes of glycerine with 2 volumes of 
wator and of this liquid mix G O  c.cni. with 50 g. of 
litharge. 

%%is mass very repidly hardens and after ten 
itiiiiutes is dready fairly hard, and after three hours 
11:ml~r than any other ; in the course of time, how- 
c,vcr, i t  is exceeded in hardness and solidity by the 
cement prepred  according to Experiment 9 ,  
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per 5O.g. 

lead omdc 

Dilution of 
Glycerine. 

Vol. of Glycerine 
t o  Water. 

Behavionr 011 li~rdaniiig 

10 : BO 

10 : 40 

10 : 30 

10 : 20 

10 : 10 

-- 
Qftei 
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4 

4 

4 

4 

4 
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0 
3 
(i 

6 

10 :  10 

I 

10: 6 

10: 4 

10: 4 

1 0 :  4 

Conc. glyc. 

G 

6 

6 

6 

7 

5 

6 

5 

6 

7 

7.5 

7 

B 

5 

I s  not a good harden 
ing m a w ;  sottrcel; 
coherent. 

Somewhat hrwler, bu 
easily crushcil bo 
tween thc fingers. 

Dislinctly harder l l i t~i  
3, but not yet sntiii 
fiLCt0l’Y. 

Aftcr sln,nding for RC  
vcrnl di iy l i ,  C H , ~  stil 
be easily cut. 

Morc Holiil than 1 tru 
lcss so than 6. 

Difltinclly inore solii 
than 5 .  In the forn 
of small, slightly ye. 
sonent pltbtes, quick. 
ly, sets, difficult tc 
mix. 

Fairly hard, nnd ri,l. 
rewily Rhowr; i i  clmn 
cut. 

Hardened in 10 niin. ; 
after 2 hours vcrg 
solid, didicnlt, t o  
mix. 

kfter 2 hourfi more 
solid then any other 
mass, hn,rdcns just 
as quiokly. 

:n 10 niin. toneoioua 
and binding, nnd in 
2 hours very aolid. 

lfter 3 hours not sutli- 
c i e n t 1 y hitrdenetl, 
but in 11. few 
feirly ht~rd. 

rhe same almost ~ L S  11. 
3nrdenfi in a shortor 

t ime than 12 and iH 
more solid. 

ifter 10 loin. already 
particulwrly tough 
and in 20-30 min. is 
solid. 

Cirnnnrier 

5.50 

800 

1700 

2020 

1550 

1100 

1020 
{ 1750 

2070 r 1540 

3080 
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The glycerine cement is a yellow or brownish 
m i w ,  which, pressed into moulds and left in these for 
soiiw days, fills out the finest hollowings of the mould, 
: ~ n d  is, thcreforc, very suitable for coin impressions or 
rolieis, wliich are more solid than plaster or cement 
custs. 

T'hc ccineiit is pa,rticularly suitable as foundations 
i ' o ~  objects which are of considerable weight, and 
which are, therefore, constantly subjected t o  blows, 
lor this cement, in  spite oi the hardness it gains in 
ccnirse oi  time, never loses all its elasticity. Founda- 
tions of stcarri engines, stamping machines, etc., 
hove thercfore been made of lead-glyceride which is 
: d h o  uwd  for cementing stones. I n  order to cement 
stones, the spaces in question should be smeared over 
with concentmted glycerine, then litharge should be 
powcleucil 011 to  them, and the  stones tightly pressed 
one on ihe other and for some days kept under pres- 
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CHAPTER S. 

Owma to its high boiling-point, glycorinc in 
belongs t o  those substances which ova,L)or:Lte 
great di6culty ; but i t  also possewt; considetxhlo Iiy- 
groscopic qualities, that  is it absorbs water I ' T X J I ~ ~  tho 
air or from those bodies with which i t  is brotigl1t 
in contact. Tlierefore, if a wide wise1 containing 
glycerine is exposed to the air, thc  liquid Ih(:r-oin 
is increased because glycerine draws wator Sro iu  
the air. 

If, then, a substance which, wlien exposed to tlio 
air on drying beconies hard and brittle, i h  iiiixatl witli 
a suitable quantity of glycerine, it c m  1 ~ :  l<trl)t soI't, 
and supple for any desired length of tiiiic, i~t1(1 dioiiltl  
the substance in question be subject io dewy, t l w r ~ y  
can be arrested if glycerine is prexcmt in IiLygc! ( 1 l t i h l l -  

tities. If glycerine is used in si~1dl qumtilics only, 
decay of the substance in question c m  also IN! J ) I T -  

Gented if in the glycerine ai1 anti 
such as carbolic acid, boric acid, salicylic ticid, L e  (lis- 
solved. 

itsolS 
with 



A raw nniiml skin on being exposed to t h e  air 
dries, as is known, io a lxittle hard inass ; should 
the tciiipemtnw be so low that tlic cv:tporatioii ol 
tho water does not Lake placc rapidly enough, then 
the skin does not dry, but decays. 

If raw aniiiial &ins are ropeateilly rubbed with 
glycerine, then, iallcr loizg exposum to tlie air, tlicy 
not only do not decay, but retain their supplenow ; in 
the case of heavy iiriiinnl slciris the supl’loncss is even 
increased by glycerine, mid the siniple process of 
rubbing these raw aniiiiel skins with glycerine would 
undoubtedly bc tlic simplest tanriing 1)mccss, bii t for 
the Iact that the application ol  glycerine lor tliib 1)ur- 
pow is precluded 011 accomit of its solubility in watter. 

For i i i r h i ce ,  il‘ :J skin which has been rendered 
supple by iiiiprcgnalion with glycerine W C ~ C  1)lung:od 
in water, owing Lo osiuosis tlierc is an exchange be- 
tween blic liquid contaiiietl in the tissue of thc skin 
and the licyuicl ontsiilc, I L I U ~  in tlii5 iiianticr tlzc! gly- 
cerine is extrihctoil again. 

IT, tlzetdore, glycorinc: cnnnot bc coiisiilct*c?d DS e 
iiie:m5 ol‘ tiLti1ling i l l  tho L‘C: IL~  so~isc ol tlie wotd, yct 
i t  o ; ~ n  I)c used with oxtmordinciry adwiitago in cor- 
t ~ 1 1  cases f o ~  the ])r.wocva.tion ol’ i ~ ~ ~ i l ~ t ~ l  skins. 
F i i~s ,  a i d  110t:~bly viLItl~l)l(> U U Y S ,  +I:C illoslly o l ) t t ho i l  
lrcrxii s indl  aniirials (iiio~%onx) , and only banncil will1 
ilitticicnlty on account of the greet, cu~ru to 1)e c:serciscd 
111 .connectioii will1 tlic Iioir. 
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I n  most cases people are content with rubbing 
the flesh side of the f'ur with alum and cooking salt, 
and accordingly give i t  a superficial white tanning. 
Furs treated in this manner have, however, two 
drawbacks-the skin, in spite of the fact that i t  is 
not very thick, is brittle, because softening thereof 
by mechanical nieans (lulling) can not be resorted 
to, owing to the care with which the hair side must 
be treated ; or it cannot be proceeded with in such a 
manner as to render the skin quite supple. The  
second drawback, which in the case of some furs 
is noticeably unpleasant, is the smell peculiar to the 
animal from which the  fur is obtaincd. 

Both drawbsclis can be reiriediedin a very simple 
manner, if the preservation of the fur is acconiplislied 
by nieans ol glycerine, and this is carried out in the 
following nianner :- 

The skin is first placed in water in order to render 
i t  supple, and is then washed in either a soap or soda 
solution in order to remove fat or dirt and to con- 
serve the hair side in all its bea~ily. After this 
treatment the fur i s  repeatedly rinsed in water and 
is then placed, the hair side downwards, on a table 
and the flesh side is then manipulated with the in- 
struinents as used by tanners lor this purpose and 
all particles of flesh and all hard lurnps in the skin 
rernoved. I )  

After coiiipletion 01 this work, the skin is rubbed 
on the flesli side with concentrated glycerine, in which 
boric acid has been dissolved ; this rubbing is repeated 
two or three times and the skin is then hung in a room 

I 

1 

I 
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to dry. By means of the washing process, the skin 
is thoroughly soaked through and through with 
water; as soon as the concentrated glycerine is 
applied to the flesh side of the fur, the action of 
osinosis sets in and the whole skin is then impreg- 
nated with a diluted solution of glycerine correspond- 
ing to the water contents thereof. 

If the skins hang in dry air, then the water is 
allowed to evaporate until the glycerine is so con- 
centrated that  no more water escapes; the whole 
tissue of the skin is now so impregnated with glycer- 

thoroughly protected against decay by the strong 

I n  order to mask the faint smell which some furs 
even after repeated washing do not lose, instead of 
ordinary glycerine, such glycerine should be used as 
is slightly perfumed with a not too volatile sweet- 
smelling substance such as ambergris or nutmeg oil. 

The fur treated in this manner, on the flesh side 
has the appearmxe of a fresh skin ; i€ it isdesired to 
impart to it the appearance of tawed leather, this 
can be accomplished in a very simple manner by 
spreading over it a cold solution o€ alum or aluminium 
sulphate, leaving it to dry and then dabbing it over 
with a sponge dipped in ammonia. I n  this way 
the aluniiniuin hydroxide is separated from the flesh 
side of the skin, which thereby has the appearance of 
tawed leather. 

I n  the same manner as for furs can be treated 
the skins of animals, which are to be stuffed, such 

ine that i t  will always remain supple, and is 

antiseptic action of the boric acid. 

’ I  
I I 

I 

I 



as birds, and this process is particularly valuable for 
naturalists when travelling, who are not able to 
stuff iiiiiziediatelv the skins of animals and birds 
caught. If the fresh skins are treeted with glycerine 
in which for this purpose salicylic acid instead of 
boric acid has been dissolved (on itccount of its power- 
ful preserving action) then the skins or birds can, 
as soon as they are dried, be l ) d i e d  in bosos and left 
there as long 8s desired. Ii the bird is to bc stuffed, 
then it is quite supple and much trouble is saved 
which would be otherwise occasioned by the soften- 
ing of the dried and stif? skin. 

Glycerine is also of iiuportance to the naturalirt 
from onotlzer point of view, and therefore we tonch un 
its value lor natural history purposes. It is known 
that soine aninials preserved in alcoliol 1,ecoiiie ir- 
recognimble in t l x  coursc of tinie, because the 
alcohol dissolves the fat in the body and ilcstroys 
the colour. This is perticularly noticeable in the 
case of sonie beantil’ully colou~ed wit worins and 
fiih which shrink in alcohol and ontirely lose their 
colours. We have h u n d  that glycerine which is 
sut‘liciently diluted with watw, in order that tho 
very watcry bociics of woriiis end otlicl: niolluscs as 
well as of iishes should not shrink by the absorp- 
tion of the watcr, is eiiiiizeiitly itila1)tttblo for the 
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preservation of such aniiiials. Fo r  this purpose we 
p ~ q ) ~ ~ r ' c  a preserving fiuid according to the following 
IllC!tllOd :-- 

Glycc1 ille . . 200 g. 
WiLtel . . so0 ,, 
Sdicglic wid . 4 9 ,  

Tlic cflyccriiic and water mixture is placed in a 
I)ottSci into which the l'owder like salicylic acid is 
slmlxn, mid for a weck the bottle is shaken several 
tiincis a (log. 

'L'lic sdicylic acid, wliicli is more easily dissolved 
in a liquid containing glycerine than in water, dis- 
s o l v ~ s  in tliu diluted glycerine, and this after i t  has 
1)ec:n f i l t c d  can then bc used for the preservation of 
r~ r i i i i i d s .  

T l ~ e  usc ol' thiq liquid for the preservation of 
animals 111~5 the following advantages : The animals 
miii:Liii aoiriplctely pesewed  in shape and colour, 
bot11 tlics glycerine and the salicylic acid protect them 
agi~iiist ciccoy. The preserving liquid does not evap- 
oix,t(l very ~ i ~ u c l i ,  and therelore the sealing of the 

('Is is not SO t roublemnc as in the case of pre- 
1):w:hi,ion\ pitserved in  akohol. If ti vessel is SO 
1):ully clowl t h t  after D short time a noticeable 
(1iianti t y  oC tlic lmscrvation liquid has evaporated, 
tli(m i ~ 1 I  t l l :bt  it., ncccrsary is to replace the evaporated 
licjiiitl b y  clcani wi~ter and to herinetically seal the 
vossol. li'onnoldehyde (foriiialin) can be substituted 
I'OY s i~ l i~y l i c  u i d .  
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grating it. The grease is divided into vcry fine 
drops which float about in the liquid and give it a 
inilky appearance. 

By repeated treatment with degras, a certain clc- 
gree of suppleness is given to cliauiois leittlicr, and 
presence of alkelinc substanccs prcveiits any speciiic 
odour due t o  rancidiiy, as tlic f rw fiitty acitls i*csnlt- 
ing therefroin are a t  once bourd. In si~itc  ol tli,s, 
chamois leather has a characteristic siiic11, vcry pr01)- 
ably due to small quantities o l  volatile latty x i d s  
which cannot be bound by the alkali. 

As the applicatioii of degras only results in the 

entirely substituted by glycerine : one application 
of glycerine to the chniiiois leather (it muat be 
rubbed in as long as the  leather is wet) quite docs 
away with the treatiiicnt with degras ; the la t thw is 
hereby rendered supple, without after some time as- 
snming a strong odour or darkening, as is itiurc or 
less the case with leather which has bccn trcatcd 
with degras. 

For this and other s imilu 1)urposes thom is 110 

need, as will he seen, to  use highly piwificd glycerine 
which is absolutely colourlcss aiid ~ ( l o ~ ~ r l c s s ,  but a 
product rnay be used that  has siiuply bccn obtained 
by means of distillation, and which (loch not ncwl to 
be colourless and odourlcss. W i t h  ucg:arcl to the 
latter quality, it must be remarked tli:~t thcre should 
be no sniell of acrolein, os this bllbStiLTlcC ovcn wlicm 
largely diluted has a very objectionl~blo odoiv. 

In  the manufacture of tawed leather, so-called 

suppleness of the leather, this preparation can be 1 

1 1 

1 

I 

1 
i 

I 

1 

i 
a 1 

1 
I 
4 



alum leather and glaci leather, degras is substi- 
tuted by the so-called ( (  looil This consists of 
several very dissiiiiilar substances ; fermented grain 
(groats) and bran are vcry oiten mixed with grated 
calf's bmin and the skin is then impregnated with 
this " food ". 
In the i w " i a c t w c  of y1trc.v lcatlic>u. :I similar 

(' i'oocl " is iiiore ollcn used wliich contains yol<o oi' 
cgg Thc doping of skins t;mncd wit11 dun i  is ac- 
complished by treading witli tlic feet or kneading 
with the hands in a flat vat iillcd with the '( i'oo(1 ". 

Chemically, the brain snd yolk of egg show a 
i certain siiiiilarity becausc both substances con- 

tain a certain qwanlity of glycerine in addition to 
the fat, in the forni ol glyccu.o-pliosphor~c acid, and 
i n  these ci~scs in  addition to the lat it is the gly- 
cerine which iinparts sup~~lcncss t o  the leother. 

The " doping " wliioli corisists o l  yolk of cgg is 
fairly expensive, therefore nimnEactm*ers of blcached 
(tawed) glacd leather must sell the wliitc ol  egg 
which conies away with the yolk, cithci, to printing 
works or to inenulactnrcus of dbunicn. As also in 
this CiLSc it is tlic glycerine to which tlic action oC the 
dolling I)elongs, this substmcc can be casily siibsti- 
tutcd f o ~  the yolk of egg. 

Glycerine can best he appliccl by s p " i n g  the 
tanncd skin out on a tablc, so that tlte side to be 
dyed should be underneath, anit tlic ot1ie.l: d e  is then 
lightly run ovcr with a l)i*usli dippal in glyccrine. 

gether, and a weight 16 placed on the skim and they 
are left for a, few days. 

\ 

, Bath two skins are placod with tlic Lrusheil s d c s  to- 
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grating it. The grease is divided into very fine 
drops which float about in t'he liquid and give it a 
milky appearance. 

By repeated treatment with degras, a certain de- 
gree of suppleness is given to climiois leather, anti 
presence of alkaline substances provents any specific 
odour due to rancidity, as thc lree fatty ttcids uesiilt- 
ing therefrom are at  once bound. In spite ol tlils, 
chamois leather has a characteristic siiiell, very 1~01)- 
ably due to small quantities ol volatile fatty x i d s  
which cannot be bound by the alkali. 

As the application of degras only results in the 
suppleness of the leather, this preparation can be 
entirely substituted by glycerine : one application 
of glycerine to the chamois leather (it must be 
rubbed in as long as the leather is wet) quite does 
away with the treatment with degras ; the leather is 
hereby rendered supple, without after soiiie time as- 
suming a strong odour or darkening, as is illore or 
less the case with leahher which has been treated 
with degras. 

For this and other similar ~ " y ) s e s  there is 110 

need, ILS will be seen, to use highly purified glycerine 
which is absolutely colourless and o(hiirless, but a 
product may be used that  has siniply becn obtained 
by means of distillation, and which does not need t o  
be colourless and odourless. With ray-lard to the 
latter quality, it must be remarlied that there should 
be no sniell of acrolein, as this substance evcm when 
largely diluted has a very objectionable odour. 

In  the manufacture of tawed leather, so-called 
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alum leather and glncL: leather, degras is sul)stli- 
tuted by the so-called '< food ". This consists or 
several very dissiniiler substances ; ferinc>n tcd gwin 
(groats) and bran are vcry often misccl with gl.:Lto(1 
calf's brilin and the skin is thcn i n i p r e g ~ ~ t ~ t l  willi 
this ( (  food ". 
In the iiianiifiictitrc of qlwr;  lcallicr i b  SillJilit l '  

" lood " is iiiorc ol'ten used which cont;i,iiis yoIi(1 01 '  
egg Thc  doping ol sliins tmiicd wit11 ~ I , ~ ~ I I I I  ih i b ( ' -  

complished by treading witli I h c  fcct or kri(~iLt1111g 
with the hands in a flat vat filled with lihcl " I'oo(1 ". 

Cheniically, the brain and yolk of' egg sliow :b 

certain similarity because both substances c o l i -  

tain a certain quantity of glycerine in n,dtliLioii Lo 
the fat, in the lorril of glycero-phosphoric i L ( . i t l ,  iLt l (1  

i n  thcsc cases in addition to tlic fat it is LIic g1.y- 
cerine which iinparts supl)leness to thc lc>ittli<!t*. 

The "doping " which consists ol' yolk ol' ogg is 
fairly expensive, therefore nmnufactumrs 01' l ) l ~ \ i ~ ( ~ l i ( ~ [ l  

(tawed) glctc6 Icatlher iuiist scll thc while: ol' ~ g g  
which collies away with the yolk, cithcr to 1)riiiting 
works or to inanufactiirors of n l ' n ~ i i ~ c n .  As ; i , lv )  i i i  

this c:v,e it is the glyccrine to which the w l i o i i  ol'tlitr 
doping belongs, this siibstnncc can bc ezsily hiil)sti- 
tutud for thc yolk of egg. 

Glycerine can bcst 1)c applicci by  spsomtling t l l i o  
tanncd skin out on 11 taljlc, so thitt tlica sitlc to 1)o 
dyed should Le unilcrnoatli, and the otl~c!~. sitlo is 1,11(~11 

lightly run ovcr wiLli a 1)uush dipl)cd in gI,y(~~riti(~. 
Eitch two skins are placed with tltc Imishctl si(l(+ to- 
gether, and EL weight IS placed on thc skim tmcl Lhoy 
are left for it few days. 
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During this tilne the glycerine is evenly ihbSOrbCd 

by the whole mass of the leather and attains thereby 
the highest degree of suppleness. During the process 
of dyeing by painting or by means of dipping, the  
skins lose part of their suppleness, and, thereforc, a 
preliminary esperiiiient should be iiiadc in ordcr to 
ascertain in how far tlic glycerinc should bc tlilixtcd 
so that the leather inay attaiiz tlzc nccessiLr.y clc:gr.cc 
of suppleness. 

It is, moreover, possible, after thc y7acd lcathec hies 
been dyed, by rubbing glycerine in on tlic non-clycd 
side to give it the necessary ilegrce o l  siipplcncs~, 
and it needs only a simple experimcnf; in order to 
determine the quantity of glycerine which is I'LCCCS- 

sary to impart to the leather lasting suppleness ani1 
elasticity . 

Glycerine is also of value to manulactnreus of 
tanned leather because it imparts to  this pwticulnr 
leather a high degree of suppleness. The  vninps o l  
boots which owing to faulty tanning are bonicwlxbt 
brittle, can be very much improved in qudity t~nd 
rendered quite supple. To this end thc leather. nccd 
only be spread with glycerine on one mdo, md, if 
necessary, this operation can be repeated onco or twicc. 

A heavy red tanned leather such as i h  iisctl lor 
belts possesses the drawback that it htts very littlo 
suppleness ; a considerable portion of the ~ m w c r  ~iseil 
to drive machines with belts is lost bccausc tlic belts 
only turn round the wheels with stiffness. '1'1-1~ 
edges also easily fray and after a tiriic split. 

These drawbacks can best be remedied by imyrcg- 
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nating the belts with glycerine, which can be ac- 
complished by repeated applications of glycerine, and 
by this means even very thick straps without in 
the least losing their firinness can be iiiade 50 supple 
and durable that tliey even run round wheels of very 
slight diameter, without fraying or necessitating any 
particular expenditure of lorce as regards bending or 
stretching. 



CHAPTER XI. 

PREPARATIONS 03’ GLYCERINE AND GLUE. 

GLUE in a perfectly dry state forms a very hard 
and uncommonly brittle mass, which in  contact with 
water for some time swells more and more and finally 
is transformed into a very voluminous and soft jelly, 
which on slight heating inelts into a solution of glue 
in water. 

The high degree of elasticity possessed by glue 
which has absorbed a certain quantity of water 
would render it very suitable for sortie purposes, 
if the steeped glue did not putrefy so quickly. This 
could indeed be prevented by adding to the water 
in which the glue is steeped a powerful pre- 
servative (for instance salicylic acid), but even in this 
case it would not be possible to obtain an  elastic mass 
of permanent uniform quality because the glue is 
constantly letting water evaporate, and therefore 
become less voluminous and elastic and finally would 
dry up to a hard brittle mass again. 

By the addition 01 a suitable quantity of glycer- 
ine it is possible to impart to the glue those lasting 
qualities of elasticity which are only transitory in the 
c a e  of glue melted with water, and such glycerine 

I 1  AC\ 



PREPSRArPIONS O F  GLYCERINE AND GLUE 147 

glue can be used for quite a nuniber of different 
purposes. According to the  end in view, glue of 
different degrees of purity can be used; the most 
coinnion joiner's glue and the finest colourless gelatine 
result in preparations of fairly siniilar qualities and 
only differ strongly from one another in colour. 

The production of glycerine glue is best proceeded 
with in such a manner that the glue is first allowed 
to soak in water and the cakes are transfornied into 
soft flaky inasses, which on lifting can easily be torn, 
the water is then poured off, the steeped glue care- 
fully melted and boiled when all the scum which ap- 
pears during boiling floats on the surface and is 
removed. 

After this the necessary aniount of glycerine is 
added, and by stirring is intiniately mixed with the 
glue solution. 

manner does not show sufkicient firmness on cooling, 
then this is a proof tha t  the mass contains too much 

I can be reiiiovcd. The only precaution necessary to  
take in this connexion consists in constant stirring 
as soon as tlie mass begins to thicken in order to 
avoid burning, which easily takcs place where the 
flaine touches thc vessel. If evaporation does not 
take place over an open fire but on tlie hob danger 
of burning is much less. Burnt  glycerine glue has 
a dark colour and a peculiar sweet sort of smell. 

If the evaporated mass is sufliciently firm, it is 
immediately poured into shapes ready to receive the 

I If a sample 01 glycerine glue prepared in this 

water, and by careful evaporation the excess of water 

I 
I 

i 
1 
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inass, and they are left for a time until the entire 
inass is so hard that  on touching it with the finger 
it does not stick. 

If it is a case of making a light-colouredglycerine 
glue from dark glue, then, on soaking, the glue must 
also be cleaned. I n  the place of plain water, water 
to which a percentage of strong vinegar has been 
added iiiay be used, and the first water is poured on 
to the glue only three hours later, the second :tiid 
subsequent (4-6) waters at intervals of two hours. 

Owing to this water containing vinegar, osinosis 
extracts from the glue 3, considerable number of salts 
aiid colouring niatter, and in this way it is possible 
to ilianufacture froin an evil smelling, practically 
black glue, glycerine glue which is the colour of 
(lark amber. 

GLYCELZINE GELATINE, 

This preparation, which is eininently suitable for 
the preservation of delicate microscopic preparations 
(see p. 140), is obtained as €ollows: The purest 
colourless geliitiiie is steeped in water iol: so long 
that, after the water is poured OB, on heating i t  just 
melts a t  100". The steeped geletine is placed in  a 
glass, which is put in water and heated until it boils. 
As soon as the gelatine has inelted, concentrated 
glycerine is dropped into the liquid and mixed by 
stirring with a glass rod, the inass is then poured 
into a cliina cup and left to  congeal. 

The addition of glycerine is so proportioned tha t  
the congealed mass o n  heating becoines liquid at 
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about 50"; pcopcrly prepared in a solid state it is a 
lmfcctly t ransparent  and colonrlcss mass which has 
a certain degree of hardness. 
If a microscopic preparation is to be preserved in 

glycerine gelatine, a small piece of the gelatine is 
p l w d  OIL a &,ss plate, this is heated to 5 l0-58"  and 
the pl'cpiLl.ibtion to be preservccl is pressed into the 
nieltctl glycerine glue, when carc must be exercised 
Lhat tlicii-a arc! n o  itir bubbles. After the plate has 
bocn lcCL for seine tiinc the glgcrriiie glue Lhoroughly 
liardonh aiid &lie preparation is embedded therein, 
or i i ic~l lcd,  j u h t  as some firiii objects are melted into 

It is ol' iiti1)ortance in the production O C  glycerine 
glnc lor iuicroscopic purposes to take care that the 
prelmration should be as firm as possible, which can 
be rtttairictl 1)y avoiding any exces~  of water during 

; further ,  the melting-point should not 
1)o highvi- th im 50", which can be riiaiiaged by proper 
rcpilation of' t h e  quantity of glycerine. To observe 
bliis condition as regards the melting-point is neces- 
S I L I ' ~ ,  I L S  111 glycerine glue with ;t high melting-point 
tI(!Iici~t(' p I :~ i i t  and anatoinical preparations easily 
chimgc owing to loss ol' water. 

glass. 

(:I,Y( I:I{ IN3;-~IdlJlC b'Olt P l z J N T I N G  l%oLLIi;I4S. 

Glue, uscd for  this purpose, should be o la  not too 
ii:brli ava r~go  kind,  and is mixed with so iiiuch glycer- 
ine :LS scciiis necessary for the roller mass. Roller 
iiiotcriail intended for printing needs lar less glycerine 
thiln thc rollcr mass intended for the transniission 
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of ink on to copper printing or lithograph phtc~s,  
because, owing to the care which il1ust be ercercisc~tl 
in regard to the plates, no heavy pressure shonld bc 
used, as in the case of ordinary letter type ot' wood- 
cuts. 

The production of glycerine g l t ~  I'or printing 
rollers takes place in esactly thc seiiw 1 1 l ~ L n T l : c ~ l '  iLs WLLS 

described for the preperation of glyccrinc. g:c.lat,iiic>, 
naturally, less care is necessary in this Cil>S( '  t I i ; ~ ~ i  

would be necessary for that  dclicntc? I ) W I ) : L Y ; L ~ I ( ! ~ .  I I' 
the sample talien from the uollcr Iiiibss, aftor h\ing 
boiled for some time, seems too linu, tlic ilclc:cl 
can be remedied by the addition ol' gIyc~rint> ; if it 
is too soft it can be steamed, 01' a certiiiri cluantii~y 
of glue can be added which must have lwcn s~ )a l i (~ i  
suEciently for i t  to soften. Thcn thc wliolo iiiiiss 

must boil again for a time in orclcr l o  bring t11(\ 
freshly added glue into solution. 

The moulding of the gluc inass for 1)rinLing 
rollers is accomplished in a siniplo ~I~~LII I ICY,  i ~ i i i l  to 
this end a simple device is used which confiists ol' ;L 
turned cylinder perfectly srnootli insiilc. which a,Ioiig 
its length can be divided into two h i ~ l v o ~ .  r l ' l ~ ( ~  
cylinder is closed with a rdiscd h t to i i i  and i ~ 1  i , l l ( l  

top by means of a ring supporting u1 c:ross-picco. 
I n  the bottom there is a square opening, ant1 also i l l ( $  

cross-piece of the ring fitted a t  the top lias a SiiiiiliLY 
opening. Through these openings D foiu:-sitlcVl rod 
of wood is pushed which is fitted a t  Imth ontls wit11 
round turned handles. Alter thc rollcr ~ i i o r d t l  llilis 

been. arranged in this riianner and plttced in a ycx-t,icgl 
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position, the melted roller inass is poured in an even 
stream into the hollow ol the mould, so that no air 
bubbles forni, and it is then left for a time until the 
glue mass is quite firm whcn the mould is opened, 
the now finished roller taken out and any seams 
taken off' with a sharp knife. 

The four-sided rod which is surrounded by the 
glue cylinder serves as a snppc)rt ; if aiter much use 
the roller is not to be euiployed any more, tlicn the 
ink attaching to the surface is renioved, the glue 
mass taken lroiri the wooden rod and again melted. 

The roller-mass qhould be of such a quality that it 
will easily absorb the ink I'roni the plate on which 
i t  lias been distributed, and on rolling over letter 
type, copper, or lithographic phtes ,  should impart it 
to these; i€ bhe ink smears, then it is a proof that 
the roller mass contains too much glycerine ; i€ the 
roller does not impart buih3c:nt ink to the printing 
type or to the plate, then it contains too little 
glycerine. 

The same mass which is used for the iiianulecture 
of printing rollers can also be u s d  lor l)roducing an  
elastic foundation lor the inks cxnl)loyeil on hand 
presses in printing works Lor printing ccrtain patterns, 
and in this case the g l~ ic  iiiass is poured into plates 
a few centiinctres thick. 

The property of the glycerine glue niass bo absoiG 
the ink from certain surfaces and impart i t  to 0ther.s 
under light pressure has been known for sonic t i p :  
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and made use of in printing works. 11 a printed 
piece of paper, which has just coiiie froni the press 
and the ink on which is still quite clamp, is placed on 
an  elastic foundation, sild B cleon printing rollcr rolled 
over it lightly, then the roller absorbs p a y t  o l  the 
ink froiii the paper; iI this rollcr is then passeti over 
a sheet of paper which has been dsiiipetl, and which 
also has a n  elastic foundatLon, it iiriparts to the 
paper the ink and ZL l'airly elcar i1iil)rcssion is ob- 
tained. If rolled over it second, third, ctc., sheet of 
paper, further but increasingly I'ibintcr iuiprc 
are obtained from the roller. 

Owing to  the capacity of tlic glycerine glue illass 
to absorb colours i'ro~n a foundation tzncl to transinit 
it to others, i t  has been successfully uscd lor the 
copying of clocuirients, and the iiistruiiicnts, with 
the hclp of which such copics have ?men iiiadc, 
have been called hectographs (hundred " copiei*s "), 
as thcy enable up to a hundred legible copies to be 
taken. 

That this should bc possible is again owing to the 
wonderful quality ol' glycerinc, and tlic ink with 
which the original inattcr to be iiianifolded is 
written must also contain glyccrine, zt!nd the manu- 
fltcturc of such inks will be clcscrihcl liLtcr. 

Tlic glycerine glue masses, uscd in the initlimg oi  
hectographs, are obtained in  the nmnner already in- 
dicated, and in recipes given lor the inaliing 01 hecto- 
graph blocks, it is oi'ten recomniendecl to use the 
best gelatine. It is, however, (illite superfluous l o  
use very expensive gclatine, as with ordinary glue of 

I 
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a good quality, for instance, so-called size, hectograph 
11locl;s can be inadc which, as regards copying 
capacity, are cqually as satisfactory its those inade 
wilh the application of gelatine. 

Ilcctograph blocks corresponding to all require- 
ments can, therefore, cnsily be iiiade by soaking the 
size in water, adding glycerine, and allowing the 
iiiass to solidify; the addition of glycerine should be 
so proportioned that on cooling a product is obtained 
h v i n g  thc consistcncy of a very soft vulcanized 
rubl)dr, and which on touching seems somewhat 
clu1i1111y. It size is employed the hectograph block 
obtained has au ainber- or  honey-yellow colour. 

Thosc hcctogrnphs, beforc they are poured into the 
hhallow riictal vessels used for this purpose, should be 
WiLrI~lcd for SOI~IC hours to such an extent that they 
j u s t  rcriiain in n thin liquid state. During this pro- 
cess all thc foreign substances contained in the glue, 
as woll ;LS Lhosc parts of the  glue which only soften 
1)ut do not dissolve, settle at  tlie bottom of the 
vcsscl a,ntl, by slowly pouring oU, the solution can be 
se1):mt ed I'roiu th c sediiiicii t . 

As tLIre3rdy iiicntioned, it is sufficient to impart to 
tlio glyccrinci glnc such a consistency that i t  is 
similar to soft rubbcr, and i t  thcn depends only on the 
tludity of tha ink with whiclz the original is written, 
as to wlicthar seveml or only a sinall number of 
cupics can be obtained. I n  general, however, it can 
bc tnken that a firmer and less elastic hectograph 
i i ias~ gives a' lesscr iiuiiiber 01 copies, all of which 
are very clear, wliercas from a softer hectograph 

i 
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mass (that is containing more glycerine) more copies 
can be taken, the last ones of which, however, show 
fainter outlines. 

According to certain prescriptions for the prepara- 
tion of hectograph masses, a powder-like substance 
of a white colour should be added to the glycerine 
glue in order to obtain a milk white mass, which 
shows up the writing more c1e:trly. Such substances 
are, for example, finely ground heavy sl)itr and 
zinc white: but there is not much object in this 
because it is not a question ol reading the writing 
transmitted to the hectographs but oi reading the 
copies talcen from it. 

Moreover, the addition of such substances has 
certain drawbacks as to the clearness of the copies. 
Under all circunistances the clearest and iiiost n i x "  
ous impressions are obtained when the hcctograph 
inass is composed of glycerin0 and glue only. We 
will now give soiiic formulae for the iiialiing ol these 
hectograph. masses :- 

A. 

Size . * 100 g. 
Glycerine at 28" Beauin& . . 500 ,, 

13. 
Size . . 100 ,, 
Glycerine at 28" BeibumB . . 400 ,, 
Vater ! 200 ), 



are hectograph inasses with additions of white 
substances which enable the writing to stand out 
more clearly, and also facilitate the washing away 
of the characters. Ileavy spar must be used either 
in tlw forin of the finest powder, or, still better, very 
finely divided barium sulphatc should be used, which 
can be obtained by  iiieans of precipitation ol a solu- 
tion of bariruri chloride with sulphnric acid and 
washing thc dcposit. 

A. 

Size . . 100 g. 
Barium sulphatc (wet) . . 0.5 1. 
Dextrin . . 100 g. 
Glyccrino . . 1000-1800 g. 

Dextrin and bizc are clissolved togctlier, then the 
glyccrine, mcl finally bariuin sulphate added, and the 
inass is pourcd into rnoulcls. If an insuf:licic?nt 
nuinbcr ol  copies results, or if the writing can only 
be washed of1 with d i lhu l ty ,  thcn a inass of t h e  
proper ( l d i t y  CiLn be o1)tained by xiiclting it again 
and adding glycerine. 

13. 

Size . . ' 100 g. 
Baryta precipitntc . . 0.5 1. 
Glycerine . . 1800 4. 
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C. 
The French Ministry for Puldic Works rcw11~- 

mends the following :- 
Glue . . l o o $  
Glycerine . . 500 ) ,  

Finost powdered hcavy s p : ~  01’ c l ~ ~ i i s c i l  
kaolin . . 26 ,, 

Watcr . 375 

HEUTOC~ILWI-I M A i S ~ ~ 3 S  AVCOI{ I ) I N ( ~  ‘1’0 \vOJ{rl’ll.i. 

Gelatine . 100 g. 
Dextrin . . i o o  ,, 
Glycerine . . 1000 c.crY1. 
B,irium sulphate . 80 g. 

Hectograph sheets which arc intcndcci to bc nsctl 
only once can bc obtaincd by pouring the liquid 
hectograph mass on to a smooth horizontally placcd 
glass plate, and trensierring i t  to porous papcr 
belore hardening, by pressing i t  and avoiding ilic 
formation o l  air bubbles. Pi~pcr :m(1 J ~ ; L S S  coiii- 
bine and can bc drawn off. T’hc surfwc ol theso 
liectograpli sheets is very s~nootli ,  :mil I“ this rwson 
it is eminently suitable for thc trunsinission ol‘ wi-i t- 
ings, drawings, ctc., with vcry finc lincs. 



IN nrdcr to tis tlie chmacters on the hectogrltpli iiiass 
uent ~’oii iovi~l ,  inks ol suitable quality inust 

be used. 27hese inust be SO constiluted that they cull 

adhere firnily to the surface of the latter. Y’h(~ 
particles of the ink should be so fluid that they 
are able to pass iroiii the absorbing block on to tht‘ 
paper laid on it.  

As thc ric1ii:st colouring nmtters are used for tl ic!  
production of Iiectogwpli inks, only a sllliJll por-tioil 
of t h o  colow. i s  :~bsorl~oil by the p:~pcz’, and Iiy Iayiiig 
on i‘~*csli slicets ink is again absorbed, so that, :LS t ~ 1 -  

ready incntioncd, liunilrcils of copies can bc talion of 
:tn original. Tho later copies are of coursc 1~1w:t-y~ 
fainter i5nd hinter, till finally no niore copieu ciin l ~ b  
talccn, although tlic chitrttcters on the s u d ‘ i ~ ~  ol‘ the: 
hectograph arc still quite clcar. AS iiiuch ~ l ’  tlic: 
writing has then hecn al)soi~l)od by the papcr :LS is 
possible froin the ht::ctograph block ; the attuactivc. 

be ti&e11 by the paper from the liectograph mass ~ 1 t l  

11 57) 



158 GL'lfCI~~RINI4 

power exercised by the hectograph nia& on the ink 
is just as strong as that  exercised by the paper, and, 
therefore, no further copies can be taken. 

I n  order to obtain good hectograph inli, two points 
must be taken into consideration-the colouring 
matter contained i n  the ink must be very intcmse 
and the inli should never altogether dry up as 
otherwise the mobility of the particles is paralysed. 
Therefore, for the production of thcse inks the strong- 
est colouring matter is used; these are so-called 
aniline dyes (fuchsin, methyl violct, water-soluble blue, 
iodide green, etc.), in  the forin ol concentrated solu- 
tions to which glycerine is added in order to prevcnt 
drying up of the inli. 

Glycerine incorporated with thc hectograph ink 
not only serves to keep the characters soft, but also 
acts as a solvent for the colouring iiiatter itsell', be- 
cause only a few aniline colouring substances are 
directly soluble in  water, but they easily dissolvc in 
glycerine, particularly when it is warmed. 

Therefore, in the production of hectograph inks, 
the best method is to place the weighed-out coloiiring 
matter in a china mortar, pour over it thc recjuisitc 
amount of glycerine, and mix the colou~ing lllibtt(+r 
with the glycerine by inems ol' the pestle. RI'ter 
this has been done for some time, so thiht no grains 
are noticed in the mixture, the iuortttr is heatc:tl 
to 50"-60'" C. and thereby the colom-ing Inattcr is 
brought into thorough solution, as warm glyccrinc 
dissolves far more of it. 

If aniline colouring matter solul~lc in WiLtel., lor 
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instance water-soluble blue (alltali blue), is used, then 
to the thick solution of the dye in glycerine so much 
water is added that a liquid results, the consistency 
of which is similar t o  that  of a thick ink, and then 
the hectograph ink is ready. 

If an  aniline dye, insoluble in water, is used, 
for instance niethyl violet, then the thick liquid 
solution in glycerine is diluted with wiLter to the ex- 
tent that i t  becomes as thick as syrup, and so much 
alcohol is then added as is necessary to produce an  
ink of suitable consistency. An excess ol alcohol 
should be avoided lor the reitson that inks contain- 
ing too niuch alcohol thicken so niuch in the process 
of writing, owing to the volatility of the alcohol, thai, 
i t  is not possible to write fine charactcrs with it. 

PRESCRIPTIONS PO13 VAEIOUt; COLO Ul3I3D FIlNTV )C+IIAllW 
I” 

Water-soluble blue . 10 g. 
Glycerine . 10 ,, 
Water . . so-100 ,, 

Thin blue  id<^ :- 

These are made by simply warming the substances and 
stirring. 

Violet Iwctogl.Gpll ilbk :- 

A. 
Methyl violet . . 10 6‘. 
Diluted ocetic ticid . . 6 , I  

Strong alcohol . * 10 I ,  

Water . . 10 ,, 
Glycerine . * 6 ,  
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Owing to the acetic acid i t  contains, this ink spoils 
steel nibs and soon makes them blunt ;  a more 
suitable recipe for violet ink is the following :- 

n. 
Methyl violet . . 10 g. 
Alcohol . 10 t ,  

Gun1 . * 10 I ,  

Glycci.itic . . 15 ,, 
WiLtel* , . 70 ,, 

All the iiigredients are placed in :I long-necked 
glass f la~li ,  constantly sllalmi and wamied for two 
hours up t o  al)out 60’ C., and then left to cool. After 
standing for some time the solution is poured oE 
froin the sediiuent. 

Ih inond  fuchsin . , 10 8. 
Alcohol . - 10 ,, 
Acetio acid . . a * 5 , ,  
Glycei*itie . . 10 9 9  

WtlJter . . 70 7 ,  

T h t ~  inethod oL preparation is the saiiic as in thc 

Another recipe is as follows :- 
C:LH(: of the. violet ink 13. 

DiiLiiloiid t‘iichsiti . , l og .  
Alcohol . . 10 ,, 
Glycerine . * 10 ,, 
w:LtcI’ * . 60 ,, 

Il’Iiis prescription in particular rt:sults in irilrs which 

(ireon Iioctograph inli is produced in the same 
give a large number of clcar iiiiprussio~is. 
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manner as the other inks derci*ibcd, by adding water- 
soluble blue and picric acid to a, liquid coinposed of 
alcoliol, water, and glycerine. 

GmxiL h c c t o g i q J i  i i ik  :- 

Water-soluhle blue . 10 $. 
Picric wid . . 10 ,, 
Alcohol (90 pvr crnt)  . . 50 ,, 
Glyccrinc . * 10 , I  

Water . . 90 ,, 
According to whether more or less picric ecid 

is used, ti lighter or di~rkcr gi'een IS obtaiiied. 
Black Acc tograph  iia7. L :- 
Nigrosin or aniline l0l:~cl; is insoluble in water. In 

order to produce a blil,cl< liectogreph ink, inethyl 
violet and nigrosin are iiiixctl and then ti-eated with 
alcohol and glycerine, A prcscription which is re- 
comiiiended i i  ns follows :- 

Methyl violct . . 10 g. 
Nigrosin . a0 ,, 
Alcohol . . 60 ,, 
Glycerine , - 30 I ,  

Gum . . 5 ,, 
According t o  Buchheistcr, ' t hck  hectograph ink 

c m  be prepared in Ihc l'ollowing iiianrier :-- 
Nigrosin . I5g .  
Methyhied spirits . . 40 ,, 
Glycerine , . 100 ), 
Acetic mid . . . . 5 ,, 
Water . . 500 ,, 

The Hijchster dye  works rocommoncl thc lollow- 
ing dyes for the preparation of hcctograph inks :- 

1 1  
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For violet inks . Methyl violet and crystal violet 
For green inks , Brilliant green and malachite green 
For red inks . Fuchsin 
For yellow inks . Aummin 

2. C o i w m  INKS. 

Copying inks are thosc inks which allow at  Icast 
one very clear copy to bc taken of tlic doculucnt 
written with them ; these inks are i i i ~ s t l y  nsod in 
business, in those cases wlierc only one copy of tlic 
document is needed. 

The preparation of copying inks has been loolied 
upon as very diEcult of acconiplisliment ; at the pre- 
sent moment, however, such successful attempts have 
been made that in a short time practically every 
ink can be transformed into a copying ink. A 
good copying ink should possess the propcrty of drying 
slowly and when, after a time, a damp and poroix 
sheet of paper is placed 011 tlic document, should so 
soften again that part o l  thc ink is absorbed by thc 
paper. 

Formerly, copying inks were iiinde by iiiising with 
the ink, extract of logwoocl and grape sugar, two 
substances with very strong water-attracting qual- 
ities. This hygroscopic quality prevented cntirc 
clrying of the characters, and therefore after a tinic 
a good copy of the writing could be talien. 

By the application of glycerine, the production of 
good copying inks has been rendered a vcry siinplc 
matter, and every ink by thc addition of glycerine 
can a t  once be turned into copying ink. The amount 
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of glycerine to be used depends on the quality of 
the ink itself and on the length 01 tiiiie the ink is 
required to remain capable of copying. 

The niore glycerine added to an ink the longer 
will thc docmncnts reluiLii1 danip, and the copying 
capacity is of longer iluration. In order quiclily to 
dcieriiiine the requisite aiuonnt ol glyccrine lor i~ 

particular ink, it is aclvisablc to  divide the ink into 
several equal parts-ahout a tcaspoonfnl-the first 
part should be inixccl with 0, the secoiid with 10, 
the third with 14 drops of glycerine, etc. With  
each of these sainples a line should be written on 
the same piece of paper, and tlzcn after a time a copy 
should be taken of this sheet of paper. The sample 
which results in thc best copy is prepared in the 
right proportion, and then the whole inass can be 
mixed with the cquivalcnt qiianbity of glycerine. 

Logwooci cxtrRct . . 100 #. I 

Sulphate of iron . 4 , I  

Potassium chroiii:itr! 1 ,, 
Indigo cwmiric 8 , I  I 

Glyceerinc . 10 ,, 
W i h r  . . $00 ,, 

This excellcnt copying ink may bo prelmrcd by 
dissolving the logwootl cxtract n t  the smic  timo 
with the sulphato of iron mil 1)otmsiuni chroniatc: 
in water, and i i i i s i r i c r  wit11 the solution the gly- I 

cerine and indigo carmine. Glycerinc, itself a liquid, 

, 

I 

t! 
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has only a slightly thickening eflect o n  the ink ; this 
differs, therefore, advantageously froin other inks in 
that very fine characters can be written with it, as 
it is sufficiently thin. In spite of this quality, 
copies can frequently be taken, as it penetrates 
very deep into the paper and reiliains damp for 
some lime. 

Bottger’s composition for a copying ink is givon 
as follows :- 

Lo~wood  extract . 64 g. 
Soda . 16 I ,  

Potasjium chromate . 9 I ,  

Glycerine . 64 ,, 
Gum . 16 I ,  

Water . . 270 !, 

The logwood extract is dissolved at  the same lime 
as the soda in water, glycerine and gum are itdded 
and, finally, potassium chromate, dissolved in a veiy 
little water (hot), is added to the liquid and stiri*cd, 
and it can at  once be taken into USC. 

This copying ink is 01 such a capacity that we 
were able without using a prcss to take three copies 
of the original document simply by pressure ol the 
hand; in the copying press, that  IS under strong 
pressure, another two good copies worc obtained. 



L O G W O O D  COPYING I N K .  

Extract of Logwood 
Viiiegar . 
Weber 
Sulphi~te of i y o n  . 
Alum 
Gum , 

SugU . 
Glycerine . 

. 70g. 

. 1 Irg. 
* 1 ,, 
. 4 0 g .  
* 20 9 ,  . 3 5  ,, 
. 60 1, . 4-6 ,, 

Logwood copying ink according to Biichhaister :- 
50 parts of logwood extmct 

33 ,, : h n ,  dissolved in 
1000 ,, water (cold) i d  

10 ,, glycerine are added. 
I t  is lclt to settle, hoiled, and 00 parts of pyroxylic 
acid are a,ddcd, and it is again clarified by settling. 

Soluiioii of logwood extmct . * 650 g. 
Dextrin . . 30 ,, 
Alum 

1 33 ,, 
VerdigriB . . 0.26 ,, 
Oxalic iuid . . 2 ,, 
Glyceriiic . . 7-21 ,, 

G ,, oxidic acid 

~ ~ I ' R M l X ( 4 K A M  ~0l ' ' i ' lNCr  INK.  

The utlclition ol  glyccrine is increased il the ink 
is to Ijc uscil lor copying d tc r  s~ i i i e  time. 

h 11 L I T  I13 L 1 1's C 0 1 ' YI N Ci I N K .  

For copying withont the izsc ol' ;L copying press :- 
Ten volmnes ol ordinary ink should be evaporated to 

sis volumes :Lnd then over lour voluiiies ol glycerine 
should be ailded. I3y Ixicrcly placing the copy paper 
thercon, the writing IS copiod, but very easily smears. 



CHAPTEIZ SIII. 
Jr .-.... 

GLYCERlNII: AS A SOLVICN'I!. 

THE property of glycerine easily t o  dissolve a large 
number of substances which are only dissolved with 
difficulty otherwise, renders the appliciLtion ol glycer- 
ine of great use in inany trades. As has already 
been iiientioned, when describing the qnalities ol 
glycerine, it possesses the propcrty ol' dissolvirig 
easily so-called aniline dyes, which arc iiiostly only 
soluble in strong alcohol, and this property finds 
extensive application in dye works as well as in 
printing tvorlrs. 

If, for instanae, in printing works aniline dyes m e  
to be used which are only dissolved in alcohol, certain 
difliculties, which are due to the volatility of the 
solvent, must be overcome, as owing to the volatility 
of alcohol the colour easily thickens, and then darker 
shades result than were originally intended. 

This drawback c m  iiiiiiiediately be 1-emedied, by 
substituting glycerine for the alcohol as the solvent of 
the aniline dye. I n  order to dissolve the colouriiig 
matter, first of all a siiiall amount of glycerine should 
be poured over it in order to pmvent the iincly 

, 

/i i 2 0 \  



GLYOISRINE AS A SOLVENT 167 

divided dye scattering as dust, so unpleasant in the 
case of vciy deep dyes, and the dye should be mixed 
with the glyceyine to an even paste. This should be 
stirred constantly and as much glycerine added as is 
nmesssry to effect the solution, and then this solution 
o m  by stirring be intinlately mixed with the thiclr- 
cning su1)stanco whether dextrin, gum solution, 
i~'Lgi~ca1ltll mucilage, etc., which is used for the pro- 
duction of the colour, and a printing colour results 
which in addition to the advantage of remaining the 
bailie on drying, neither dries nor cruinbles, and en- 
ables the printing of the particular dye on the tissue 
io be accoinplished with great facility. 

Prescriptions in connection with colour printing, 
consisting of dissolved aniline dyes, are very nu- 
itieroiis and vary according to the shade of colour one 
wishos to obtain. An example of aniline pink is 
the following :- 

I. 
Fuchsin . . 0.12 kg. 
Glyccriiic . . 1.00 ,, w iLt 1?1' . 1.00 ,, 
Guruiiii webicuni . . 0.84 ,, 

TI. 
. 3.50 kg. 
. 3.50 ,, 

In  dyeing works in which either yarns OY already 
finished textures are to be dyed with aniline dyes, 
the  dye is brought into solution by boiling with 



alcohol, and these solutions are used for dyeing in 
suitable dilution. 

1 

GLYCERINE FOE THE EXTRACTION OF PEROUBIES. 
A very important application of glycerine is in 

obtaining certain substances used in porfumcry ; 
the iiiost important ingredients in perluniery are, as 
is well linovvn, the essential oils lound in sweet- 
smelling plants. The quantities O C  ethereal oils 
found in plants are so small in the case ol the most 
valuable, and the separation of them accompanied 
with so iiiany difficulties, that these oils belong to 
the inost expensive substances known. Although 
certain plants containing these elliereal oils are ex- 
tensively cultivated in certain di,tricts (for instance 
in the south ot Prance, in tlie surroundings of Cannes, 
Nice, etc.), the deiiiand for genuine ethereal oils 
(violet, iiiignonette oil, orange flower oil, acacia 
larnesiana oil, etc.) obtained from flowers is so great 
that the exceedingly high prices wliicli are aslied for 
these oils aye still rising. 

Glycei-ine is ail excellcnt iiieans of obtaining 
sweet-smelling substances from blossoms of the most 
varied kinds, and particular stress should here be laid 
on the fact that  glycerine is eininently adapted for 
the extraction of all swcet-smelling substances Proiii 
parts ol' plants whether flowers, roots, wood, or fruit 
peels, because it is a, solvent lor all these perfumes. 

The method used for the extraction of perfumes 
from flowers by nieans of glycerine coiisists in the 
following :- 

t 
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The blossonis are collected in a fresh condition, and 
any green, leaf-like parti  reinovcd as far as possible ; 
they are then pleced in a vessel iind coiicentrated 
glycerine is poured over them. With i-egaril to the 
kind of glycerine to bc used lor  this purpose, the 
greatest attention innst be paid to tlie Cnct that only 
such glycerine is used wliicli on cnreliil ocaiiiiiiation 
is proved to be atbsolntoly J'rcie I'1*o111 any oclour. 

The kind of vessels used lor this extrnction pro- 
cess by means ol' glycerine ilepcncls upon thc scale 
of the work ; on a sinall scale, pot-41i~pcd vessolh of' 
good stoneware w e  uscd, and for the ti.ca,tiiicnt o l  
large quantities ol' flowers, wooden v:tCs i l l  coi'rc- 
sponding sizc, the interior of w2iicIi lias been coated 
with paraflin, arc nsetl. 

plisheil in tho hllowing i i i i~i i i ie~ : Aitcr llie vessel lias 
stood for some h y s  in a dry ~ o o i n ,  thc interior is 
coated witli i u c l t d  pimflin wliicli has becn 1ict1,tecl 
to 160" C., and this cottting is ~~cpc i~ ied  lor so long :is 
the wood will still : ~ h r ' t ~  pml'lin. 13y this iiicms 
the wand is protectetl :tg:tmit, tlic: pclletl.tLtio11 or any 
liquids, and vcsscils trcittucl in tliih i i i a ~ ~ ~ ~ e r  cnn eitsily 
be cleaned 1)y witsliing 1~11(1 I)riisIiiiq witli warin 
water. 

It should be i ) l )Sc~v (> t l  I I I  this cormcotion t l i i h i ;  ~ 1 1 ~ 1 1  
it is ;I quvstion o f  p:t~i~I'fi11ing wootlcn vcsscl~ lois tlle 
purpose undoi. discuqiion, gruttt C:LIC slionld I)c tiilten 
that 0111~ 511 rLl)soltltcly p ~ r o  atltl, in pibrtiCditr, 
odourlcss pitwl'lin is used 1i)r iiiip'egmtion ;ts, otlier- 
wise, tlie smell nttiiching to infcrior pantl'lin m ~ y  be 

The paraffining of tho wooden ve 



iinparted to the wood. The flowers in the vessel 
are covered with wooden covers pierced with holes ; 
these are lightly weighed down with a stone, and so 
much glycerine poured into the vessel imtil it rises 
a few centinietres al)ove tlie cover. As the f1owei:s 
contain a good deal 01 water, tlic glyccrinu is stimgly 
diluted by tlie water a lmrbed froin these flowers, 
and the vegetable substmce contracts. 

This placing of fresh flowers into the vessel con- 
tinues for as long as there is a supply of therti ; on 
adding fresh lots the wooden cover is reiiioved, and 
the fresh flowers are evenly distributed on tliosc 
alresdy in the vessel, the cover is replaced again, 
and so iiiuch glycerine added nntil again it stands 
soiiie centiiiietres above the cover. 

When the vessel is full, it can rciiinin standing 
until the ftirtlier work is proceeded with, the portions 
of the plant being perfectly preserved by the glycerine 
and decoiiiposition is not likely to set in. The time 
necessary lor coiiiplete e x t i ~ d i o n  of the sweet-smell- 
ing substances froin the flowers by means of gly- 
cerine amounts to a few days, and, accordingly, a 
week after the last lot of fresh flowers lim been 
placed in the vessel, tlie glycerine can be treated. 

To this eiid, it .<+Tooden cock fixed ai; the ht toi ir  of 
the vat is opened and reniains open for as loiig as 
glycerine flows out ; if stoneware vessels are being 
used, these are turned upside clown and the gly- 
cerine hrickles out. This glycerine smells very strongly 
of the plant substance which was so:bkecl in the vessel, 
and is also dyed with the colouring niatter absorbed 
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froin the flowers, and carries away with it small 
particles of the petals, etc. 

In  order to obtain a clear solution, this glycei-ine 
which flows out of the vessels is filtered through a 
thickly woyen cloth into the vessel destined for its 
reception. The  particles reiiiaining in the extraction 
vessels contain considerable cliiantities of glycerine 
which can be obtained by pressure. To this end 
the pap-like m a s s  is poured into a sack of very 
strong and thick texture, it is tightly tied, and thor- 
oughly pressed in a powerful spindle press. The 
liquid which is pressed out of these sacks is as a rule 
niore deeply dyed than that which flows out volun- 
tarily and is also filtered. 

On filtering the glycerine containing these perfumes 
in solution, care must be taken that the work pro- 
ceeds as rapidly as possible, as the air has m injurious 
efYect on the aroiiu of the essential oils ; therefore, 
once the work is coninienced i t  should be carried 
through without interruption to the end. 

The clear solution of these extracted substances in 
glycerine can then at  once be used for the production 
of certain axtides of perfuniery ; if, for instance, a 
suitable quantity thereof is mixed with a thoroughly 
neutral Eat, a poinade is at once obtained which has 
the odour of the treated flowers in all their freshness ; 
if soap, which has been cut into shavings, is mixed 
with this glycerine, end hhis mixture is milled by 
means of the well-linown mixing apparatus, the re- 
sult of this simple work is that sonie of the finest 
toilet soaps with exquisite aroma are obtained. 

1 
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By a careful addition of water t o  this perfume 
solution in glycerine, the former can be diluted to a 
certain extent, without the liquid losing anything 01 
its clearness ; but if this addition of water goes be- 
yond a certain extent the liquid coiiiiiieiices to opalesce 
and o n  adding more water becoiiies soriietiiiies quite 
niuddy ; the essential oils and other substances which 
are extracted from the flowers are only soluble in a 
liquid which contains a certain quantity of glycerine, 
aiid are therefore separated when too inuch wate,r is 
added. 

Solutions of aroiiiatic 'substances in glycerine, 
diluted with water to  a point approaching that at 
which turbidity sets in, still retain the  fresh siiiell of 
the flowers a'nd can be used for very fine toilet 
washing water. I n  order to proceed further with 
the dilution than is possible with. watw alone, as 
soon as the turbidity point is reached, strongly c1ilui;eil 
methylated spirits at  10-15 per cent, which niust be 
free from fusel oil, is added and this prevents 
separation of the essential oils. 

Ru t  in iuany cases it is n question of olitaining 
these aromatic substances in an absolutely pure st;tte, 
and in this connection the glycerine solntions are 
treated in the following manner :- 

The glycerine which has been drawn. off froin the 
flowers nnd filtered is placed in large glass bottles, 
closed with corks which are most carefully fitted into 
the  necks of the bottles. Before the glycerine is 
placed in these bot,tles, so much pure benzol is placed 
in them until they are filled with it to  about one 
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matic substances of the plant world can be obtained, 
and for this reason glycerine deserves the consideration 
of all those interested in the production of pcrl'umei 
and p.articularly in obtaining essential oils froin frcsli 
flowers. It is a lact, Iiowevcr, tliai this plroccss 
which, under certain circuinstanccs, is so liiglily to be 
recoiuiiiended, is hardly rcsolrtd l o  ;Lt : ~ l l  in pr;Lct1c(i. 

GLYCIJIiIN1: UUX) I N  TlIl i ;  ~ 'M:I ]  

COSMIWUS. 

Ainong the nuiiierous preparations sold to the public 
under the name of " beautifiers " or cosinetics by per- 
fumery manufacturers, glycerinc ranks :LS onc of the 
first, as, ii properly applied, it possesses tlic qutlity ol 
imparting to the skin brilliance, softness, and delicate 
colour. 

The proper method of application of glyccriac in 
connection with the care of the skin is not in a con- 
centrated forin, but diluted wiih a suitable quantity 
of water. If concentrated glycerine is brought in 
contact with parts o l  the body which arc covcsecl 
with delicate slii1l-for instaiicc, the lips or fingcr 
tips, there is immediately a strong sensation ol' 
warnith due to absorption by glycerine of thc water 
in thc sliin. 

By the sudden absorption of this water, the skin is 
easily injured, the soft cells lorming the tissue of ihc 
lip skin arc killed, thcy shrink and peel oil' ;I,S soon ;is 
a fresh layer of skin is formed undcmeath. As, 
therefore, by the application of conccntratcd gly- 
cerine the skin is not preserved but so to say 



“ killed,” this preparation slionld always be diluted 
with water bei‘ore application. 

Most astonishing is the action 01 glycerine on a 
skin which has been strongly tmncd  by the sun ; 
whereas i t  would othcrwisc take scvcral wccks before 
a skin timncd l ) y  the suiz is blcnclictl : q : b i n ,  the appli- 
cation of glycoriiic I)lonchcs i t  in ;I Sew d i~ys ; .  

The ;bctioii of‘ glyccrinc in i n o ~ t  caws is casily 
esplaincd by its woiztlci*l‘~il solvent :wtimi on the 
iiiost varied substances. This t:~nnin:: of the skill by 
Ihc rays of the sun is to bo ascrihud to a deposit of 
colouring iiiatter in ccrtain cclls of the skin. If 
glycerine is rubbed into the sltiii, it penetrates very 
deep into the tissues anti dissolvcs the colonring 
matter ; by subsequent washing, the  glycerine ab- 
sorbed by the skin is reiiioved for the grcater part, 
and at  the saiiic tiiiie the dissolvcd colonring matter 
is wsshed awilry, so that in a sliorl time the skin IS 

bleached ag:lrin. 
Glycerine for cosmetic pur-poscs can be 1)rep;Lred 

in various iiianiiers and made ii1.oiiintic by mising it, 
lor instance, with orange-fiowor water, or with water 
and ea11 de Ooloj;’nc>, ctc. ; 01‘ also b y  mixing glycerine 
with aromatic flowem in the saxlie way as has been 
described in tho ~~rcceding section. All tlicse nddi- 
tions are of no cosmetic v:lrluo, this is to be attributed 
to glyccrine alonc : aroiriatiu substances merely 
render the app1ic:Ltion of glyuc1~11io 11101’~ ploasnnl,. 

As glycerine removes tlic colom~inj;‘ iuattcr due to 
the action of the sun’s rays, so it can albo reiiicdy 
certain blervlislies of thc skin which arc also due to 
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deposits of colouring matter, as, for iiistance, moles 
and heckles, and if i t  does not remove them alto- 
gether, at  any rate they are dinnnislzed, as glycerine is 
a solvent for these colouring inatters. 

An already clear and delicate skin is enhanccd 
both as to frec;lineis and sinoothncsh by tlic applica- 
tion oT glycerine, a pliciioinenon which can  be 
explained by the fact that the cclls o l  the outcr skin 
attain a highcr degree of transpatlwxy owing to the 
action of the glycerine, and the I'ainl piiilc ol' t h e  
parts under the upper skill is inoclc ~ m r c  distinct. 

For the softening ol and rapid removal of horny 
substances in the skin, such as, for instancc, are 
lorxiied 011 hands owing to some nnusud work, gly- 
cerine is eminently suitable, as aitcr repeated rubbing 
of these thick horny cells o l  which thew disfigure- 
ments are foriiied, much glycerine is absorbed, and 
consequently they becoine so solt that by scraping 
them with a. file macle of sharks' skin or with a 
blunt linife, the greater part of this horny substance 
can be removed. 

Diluted glycerine is cxccllent tor the hihir and skin. 
Some people coinplain d great deal of ( l idruff ,  which 
is to be ihttribnted to thc dying ol' the uppcr layer of 
the skin. By washing thc liead with diluted glycerine 
this drawback is reineclied in tho case or inany 
people, as owing to the water-attracting and sol'tening 
action of' glycerine, this peeling off of the rippcr skin 
is prevented. 

We now give i t  nmnbcr of prescriptions for the 
preparation oi various articles of toilet in which 
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glycerine plays an important rdle. Readers who 
niay care to  interest theinselves further in the sub- 
ject should read the work on “Cosmetics” by T. 
Koller, published by Scott, Greenwood, L! Son, 
London. 

A. Glycerine Creaiiis :- 

Glycerine . . 250 g. 
Alrnond oil . . 400,, 
Rose-water I . 350 ,, 
Spermaceti . . 100 ), 
Rose oil . * 4 I1 

wax . * 3.2 $ 9  

Wax and spermaceti are melted at a gentle heat, 
first of all the alinond oil is added, then the Flycerine 
mixed with the rose-water, and finally rose 011, which 
can be replaced by some other sweet-smelling oil or 
compound perfume. If the  preparation is to be used 
in the suiniuer, it is as well to increase the wax by 
half, for this imparts more consistency to the whole 
mass. 
B. Glycerine jelly :- 

Glyceyine . . 1 kg. 
Almond oil . * 3 9 ,  

Soap . . 150 g. 
Orange oil . 10 , I  

Oil of thyme . * 20 I 1  

Soap is mixed with glycerine, then gradually the 
oil and fiiiitlly tlic aroniatic substances are added. 

1 0  
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REMEDY FOR BRITTLENESS OF THE HAIR. 

Glycerine . . 2 g. 
Water . . 1 1. 
Rose-water . * 1 7 ,  

Colour paie red with cochined. 

k h f J ) l l l 3 I t M .  

wheat flour . . a kg. 
Almond paste . . 0.5 ,, 
Orris root . I 0.5 ,, 
Essence of rose . . 0.5 1. 
Glycerine . * 0.2 ,, 

are mixed to & paste, diluted with water, and then 
applied t o  the  skin. 

P&te au Muse (for a hand  wash) :- B-. 

Powdered white soap . , 1 kg. 
Orris root . . 0.25 ,, 
Starch meal . . c . 0.25 ,, 
Oil of lemon . . 20 ,, 
Neroli oil . 10 

Glycerine . 0.40 ,, 
Essence of musk . . 0.05 i’. 

Boil until it forins an evcn paste, tlzcn fill into fl3t 

Eazi, g l / ~ c e s . i t ~ d ~  (X Z L X  ( ~ ( ~ ~ ~ , t l 1 ( ~ ~ 1 ~ ~ ( 7 ~ ~ , ~  (glyoerinc CiL I l -  

porcelttin j u s .  

tkaridcs water) :- 
Ammonia ph liqicddn, , . . 100 g. 
Tincture ol cantherides . . LOO ,, 
Rosemary water . . 8 1. 
Glycerine . . 300g. 
Rose oil . . 20 ,, 
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The tincture of cantharides is prepared by di- 
gesting 50 g. of powdered Spanish fly (Ly t ta-  
vessicatoria) with 1 1. of strong alcohol. The caustic 
ammonia has the same cleaning and degreasing ac- 
tion as potassiuiii carbonate ; glycerine imparts to  the 
hair softness and suppleness. The  whole composi- 
tion is very well coiiibined, inasmuch as it has a 
cleansing eEect on tho hair and a t  the saiiie time 
imparts softness. 

Preparations which have been in use for yeltrs are 
glycerine jellies. These have the advantage over 
lanoline that they are niore econoiiiical, but on the 
other hand possess the drawback of not being so 
quickly absorbed. Either tubes or glasses are filled 
with these preparations ; in any case the latter are 
preferred a4 they are more e:wy t o  manipulate. 

A good pescription lor thesc glycerine jellies is as 
lollows :- 
Fiuest white tmgacanth powder . 80 g. darnped with 
Alcohol . . LOO ,, and 
Glycerine . a00 ,) 
and t h o ~ ~ ~ u g h l y  slialicn ; then quickly mixed with 
(j50 g. of water ( w a r ”  and distilled) and o p i n  
shaken. Iniiii(x1i:~tdy ;I, trsnsparerit jelly i s  iornieil 
which can at; once be bottled. 

(?rLYURltIPU‘IG C!ILl~:AMS. 

A. Glycerine cream :-- 
Almond oil . 1 Irg. 

fipermaceli . . 70 9 1  

Wax . . 70 g. 
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G u y " m  CREAMS-(CO~L~.) 
Glyoerine . . 200 g. 
Bergamot oil . . g o , ,  
Lemonoil . . 20 I ,  

Geranium oil . . 20 , I  

Neroli oil . . 10 , I  

Cinnamon oil . . 10 1, 

Rose-water . , 600 ,, 

Almond oil . 1 kg. 
W B X  * . 130 #. 
Spermaceti . . 130 ,, 
Glycerine . . 250 ,, 
Rosa oil . . 10 , I  

Civet . 2 1 ,  

B. Glycerine cold cream :- 

Pl%I.,PARATIOX O F  &UIt h. l 'ROLlCUM. 

For the prepzration of hair petroleum the follow- 
ing prescription is given :- 

Best petroleum (American Kaiser oil) . 6 kg. 
Tincture of nettles (obtained I'rom 2 ltg. 

of uettle root, 7 Irg. of tLlcoho1, and 3 
ltg. of distilled water) . . 10 I ,  

Glycerine . . 6 ), 
Alcohol . . 48 ,, 
Distilled water . . 40 1 ,  

Essential oil for perfuming . . '2 ,, 
The petroleuiii which has prcviously bcen pcr- 

fumed is niixed with alcohol a t  !I6 per cent, end bot11 
are heated almost to boiling temperature in order to 
obtain thorough mixing end solution. AEter this, 
distilled water is added to the solution and the 
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remaining ingredients are added in the proper 
order. 

Hair petroleum effects the solution of the fatty 
substances of tho hair, t u x 1  also loosens tlie thrown- 
off epidermis in the forin of d;~iidmfY’, and imparts to 
the hair brilliance and suppleness. 





the whole salting out process can be dispcnsed with, 
by boiling the soap in the vessel for so long until a 
sample on cooling shows sufficient consistency. 

Soaps made in this manner contain the total 
amount of glycerine in the fat originally used, and, 
therefore, have a beautifying et'Ccct on the skin, be- 
cause the glycerine contsined in the soap easily 
penetrates into thc tissue of the skin arid iiiipaltts to it 
softness and supplcncss. 

If to an ordinmy soap (tallow c;md s o i ~ p )  glycerine 
is added anti the s o i ~ p  uiclted with this, the msult is 
a product, which, ~ L S  reg i tds  suibability 101. toilel pur- 
poses, has a distinct advantage ovcr ordinary curd 
soaps. A certain quantity ol' filyccrine in a. soap 
renders it easily soluble in water and 1ierclr)y cmscs 
a good lather, and, l'urtherniore, imparts to thc soap 
a nice transparent :Lppemmce. 

As is already liriown, glycerine soaps can now 
be obtained quite cheaply, they are quite tmnsparent, 
and look aliiiost like yellow glass, and also have the 
quality of nialiing a good 1:Lther. 

Belorc glvccrinc W I L S  apl)licd in soap-making, 
L ~ R  conltl only be obtained l)y dissolv- 

ing 1)erfectly dry soitps in i~lcohol, and t h o  alcohol 
was then distilled t'roni the soitp. These scmps were 
certainly very t~aiispaucnt, but on account of thc  
small percentage oS water contttined, were only dis- 
solved with difficulty md, thcrolore, hardly suitable 
for toilet purpose&, and nioreover - owing to the 
troublesonic preparation-could only be obtsined at  
fairly high prices, 
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Xow hardly any transparent soaps arc iiiaclc in 
this manner, but for this purpose glycerine is CX- 

clusively used, which also possesses the advaritagc 
that by dissolving the colouring niatter in the gly- 
cerine i t  imparts nice colours to the transpmcnt 
soap. 

If to heated glycerine, which has been diluted with 
about one third of its voluiiie of water, as niuclz finely 
cut soap is added as can be dissolved thercin, without 
the niass on cooling becoining hard, a, product is thc 
result which in the trade is known under the naiiic 
of " Liquid Glycerine Soap " or " Glycerine Cr:e:tm " 
and, coloured and scented in various manners, Fornis 
a very valuable toilet adjunct. 

If in the process of soap niaking pure glyccnnc 
is replaced by a glycerine which contains different 
medicinal substances in solution, then in this manner 
soaps can be obtained which can be designated as 
cosmetic-medicinal soaps as they beautily the sliln 
and also act medicinally. 

The solvent action of glycerine on scents and 
colouring matters can be made use of by dissolving 
these substances in suitable quantities in thc glyccr- 
hie, and niereIy combining this solution with soap. 
I n  order, however, to  obtain the bctter qtiality 
glycerine soaps, there is a special process, and this is 
carried out either by adding end stirring tho ap1)ro- 
priate quantity of glycerine and sugar solution into the 
soap after it has been boiled and then letting it cool 
in moulds, or by melting ready-made soap and adding 
glycerine, or, finally, by preparing a solution of 
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soap in alcohol, mixing this with glycerine, and then 
distilling off alcohol. 

According to the first process, soaps of alabaster- 
like appearance can be obtained; if the second 
riiethod is resorted to, soaps are made the trans- 
parency of which is similar to that  of a cliiiinied glass ; 
with the latter, however, and the exercise of care, 
such soaps can be made which am perlectly trans- 
parent, and if no colouring matier is added they have 
the appearance of yellow glass. 

I t  is anfortunately impossible to discuss in detail 
in this work, wliich is dedicatud to the application 
and propcrties of glycorine, the very extensive m c l  
important applicetion of glycerine to toilet soap manu- 
facture. Those who are inieresteil in this subject 
and would like further details should read the 
work on ( 1  Soaps” by G. H. Hurst, published 
by Scott, Greenwood L! Son, London. Here we can 
only give a few indications as to the production of 
glycerine soaps. 

If i t  is intendcd to make glycerine soaps by direct 
saponification-crntchin,n-theii the filling snbstances, 
glycerine and sugar, shonld bc a,tldcd to the soap 
iiiess iinmediatcly alter saponification. 

Thc production of soap by direct stirring with 
glycerine has been riiodified, in  such a manner that 
:t sot~pis  obtained which is filled, coloured, and scented 
a i id  further has a very high degree of transparency. 
The process used is the following :- 

4 
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Refined tallow. . . 80 kg. 
Coconut oil . 

f 40 3 ,  

Hog's lard . . 80 , 9  

Soda lye 40" B6 . * 90 ,, 
Potash lye 40" B6 . 10 7 ,  

Glycerine 25" BB6 . . 20 9 ,  

The boiler in which the production of the soap 
takes places is generally a fairly shallow one and pro- 
vided with a stirring device. Above the pan there 
is a cask containing the lye ; througli a glass pipe 
which by means of a rubber tube is fastened to the 
cock of the cask, the lye can gradually be admitted 
to the contents of the pan. The glycerine is in a 
lead vessel which stands rather high and which also 
must be supplied with a cock and glass pipe. 

For the production of fine coloured and highly 
transparent soa,ps, it is absolutely necessary to use 
very pure raw niaterials ; in the case under discussion 
it is strongly recommended to use the lye obtained 
by iiieans of lime, not that prepared from wood ashes 
but that froin potash, as lye obtained froiii wood ashes 
is generally of a fairly dark colonr. Skill is needed 
in dissolving the potash; generally one and a hall' 
times its weight in water is poured over it, and for 
this purpose very cold water is used. I n  this the 
potassium carboilete only is principally dissolved, as 
the foreign salts remain undissolved. The solution 
is separated froin the deposit, diluted sufficiently with 
water, and rendered caustic with linie. 

Before proceeding to the real saponification the 
mixed lyes are placed in the cask and the glyceripe 
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in its receiver. The colouring matters to be used 
are at  once dissolved in  the glycerine (for the case 
in question soluble colouring matter must be used, as 
by using non-soluble colouring imt ter  the soaps will 
not be transparent), and to the glycerine is added 
the aromatic substance for scenting the soap. 

In order that the misture of the solution of 
colonring matter and aromatic substances with the 
glycerine should be thorough, part of the glycerinc 
is placed in a china bowl, heated up to about 60"- 
80" C. m d  the colouring inatter (fuchsine rccl, methyl 
violet, iodide green, ctc;.) in solid form is added ; 
by stirring with n, pestle it is sprLad throngh the 
liquid, ;tiid solution follows in a very short tirne. 
After the glycerine has cooled again, the aroinatic 
substances are added, and the liquid poured into the 
glycerine receiver. The dish is rinsed out with 
glycerine and the solution in the glycerine receiver 
is stirrcd with a glass rod and mixed with the 
reiunniing glycerine. 

Then so much lye is placed in the pan that it 
stsnds aboiit a hand high, and iC is heated to about 
LOO'  C. ,  when the f n b  is added, and by the movciiient 
oC the stirring device it iiielts on the hot liquid. 
When all the fat is melted, all the lye is poured in in 
a L h i n  stream and constantly stirred, and this heating 
;md stirring ore continued for so long until the soalp 
shows the requisite qnality. II too thick, owing to 
strong evaporation of the water, this can be remedied 
by adding and stirring in the qecessmy quantity of 
hot  water, 

. .  
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The soap still under tho process of stir~i11g is allowcd 
to cool as much as possible without it thickening, 
and then the glycerine, that  is thc solntion ol' cmlour- 
ing matter and perfume in glyceriiic, is filowly pom*cd 
in and mixed with the soap by oonstant stirring. 
The whole work is easy of accoi~iplisl~iiic~nl~, il' c m c  is 
taken that the stirring apparatus ~novcs easily iLnd is 
in good working order, as otherwise const:Lnt st~i.ring 
is certainly a very tiring proccss. 

The soap, now finished, is plimccil i n  oiLl<c! 1110111(1s 
and in these left to cool slowly. Thc  101ig(ro~ tl ic  (:ool- 
ing takes place the more transpiwent will L h C  S O ~ I ~ P  

be ; as these soaps contain dissolved S U ~ ) S ~ ~ L I I C C S  orily, 
there is no reason to fear separation ol' tlic colouring 
matter, and the finished cake of SoiLp 11;~s :m oven 
appearance. 

If glycerine soap is to be made by rcmoltiiig, first 
of all water is placed in the pan, this is licn,tod, thc 
pieces of soap are added, mixed by stirring with the 
water, and as regards the addition of glycciinc, oolom.- 
ing, and aromatic substances, t h c  S:UIIC\ I)YCK: 

followed as above described. 

so, 
in. 

Ordinary soaps are not transparent, 01' only 1';~intly 
as the sodium salts of the h t t y  acids arc 1)rcsont 
a crystallized state, and the crystals w k c t  thc 

light in different directions. Snow which cowists of 
colourless ice crystals appears white and non-trans- 
parent as the surfaces of the crystals reflect thc light 
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in all directions. Just  the same thing occurs with 
soap crystals. 

Snow sodden in water is very transparent be- 
cause the water in the spaces between the crystals 
alter the light refracting conditions. If to a soap 
light refracting glycerine is added, something similar 
takes place as when soaking snow in water, and the 
result is that glycerine soaps have a very transparent 
appearance. 

Perfectly transparent glass-like soap can only be 
obtained if the soap is not crystallized but amorphous, 
and this can only be obtained by adding to the soap 
methylated spirits, glycerine, and sugar. 

As soaps made in this manner are very hard and 
also require a long time to dissolve in water and 
make a lather, it is advisable from the outset to use a 
softer soap. If, however, transparent soaps are filled 
with glycerine as is now almost always the case, 
and large quantities of glycerine used, then this cir- 
cumstance is less significant, as glycerine already 
inakes the soap softer and, being itself a substance 
easily dissolved in water, increases the solubility 

The soap is cut into shavings by a planing ma- 
chine ; in this case, however, it is necessary to use 
a mill which gives very fine shavings, not thicker 
than a sheet of writing paper. These shavings are 
spread out in thin layers on linen stretched out on a 
frame and then thoroughly dried in a drying room 
The drying process must continue until the shavings 
criunble to dust on being pressed between the fingers, 

of the soap. 
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which can be taken as a pro01 ihst tlic soitp is id)- 
solutely free from water. 

The dry shavings are then talcen Irom ille (11yi11g- 
room and placed in the retort of a, distilling i t p p : b l . i t t r l h ,  
the head of the latter is fixed on and !)O p ' t -  u011t 
alcohol poured into the retort. 
of the distilling appsratus is sct in rnoiion, iLtic1 I I i ( \  
contents of the retort slowly heiLtcd utltll it ])oils, 
when the soap is dissolved in tlic dcol10l into i~ piLst(b- 
like mass. The evaporating olcol~ol i h  coiid~11scd i 1 1  
the cooling coil of the distilling :Lppmtus slid (;ii,IlglIt 

in a bottle placed before the opening of 111(1 coil. 
As soon &s it is certain tlist all the  s o i ~ p  I I I L S  l ) ( b ( s n  

dissolved, the glycerine inixed witli Llho ~oIoiii*iiig 

matter and perfume is introduced itilo t11($ i*c4ort 
through a tube fittcd into the lieitd, ; ~ n d  miscd witli  
the soap paste by coizstant Stirling. Y 1 1 ~  1io:Ltiiig ih 

continued until all the alcohol used h i .  dissolving 
the soap is distilled off, the sonp is tli(5n 1'1111 i i i t o  

moulds in which it rapidly solidific+.l 
If the operation is carried out in t l i c b  p i ~ p ~ 1 *  

iuanner (the essential point is lhut tlio ~ o i i l )  slioiild 
be free from water and absolutcly disholvod in t , l ~ ( ~  
alcohol) it is perfectly transparent in Clie i i io i i lds .  

According to the inodern and now r~nivc~r.s:i,lly 
adopted practice, the saponificalion is ~ ~ ~ : ( : o ~ i i ~ ~ l i s l i ( ~ ( l  

solely with soda lye, the latty ingrcdi(mts consi5t 
mostly of: tallow, coconut, and ~ i ~ s t o i -  oil, i ~ m 1  o(:- 
casionally, in order to obtain hard sc)q)s, stwrino ih 

from the soap.) 

Tlic s l  

( T ~ n 9 ~ s l a t o ~ ' s  Note.-lt 1s iinpoisible t o  d i h l i l  o l l  1111 thv d ( w h o l  
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also added. I t  is advisable to filter the melted fats 
in order to remove any impurities. The 40 per 
cent soda lye necessary for the saponification is 
then mixed with half the quantity of niethylated 
spirits, and added to the melted fat in the pan at  
a temperature of about 60". In order to prevent as 
far as possible evaporation of the alcohol, the pan 
should have a cover that fits very well. 

Saponification then follows very rapidly, and when 
all the fat is saponified the solution of sugar and 
glycerine in distilled water, to which half the amount 
of methylated spirits has been added, is well stirred 
in. The temperature of the contents of the pan is 
then raised t o  about 85" ,and kept at this for an  
hour and the pan must remain covered. If a sample 
of the soap is then poured on to a glass plate and 
left to solidify, it should be transparent (not dull and 
dirty) and firm. 

The soap is then let cool to 70" and at  this temp- 
erature coloured. When the temperature has sunk 
to 68" the perfume, dissolved in the remainder of the 
alcohol, is added. 

If the perfume contains large quantities of oil, 
then t o  a batch of soap as niuch 20" potash lye 
must be added again as is equal to the weight of 
the oil containing aromatic substances ; unsaponified 
oil would dim the transparency of the soap. Trans- 
parent, excellent soaps can be obtained according to 
Deite as follows :- 
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I. 11. 
Tallow . . 50Bg. 46 kg. 

Soda lye 40" J36. . . GO ,, 50 ,, 
Methylated spirits 90 per cent . 35 ,, 30 ,, 

Cochin-Coconut oil . . 45 40 ,, 
Castor oil . * 15 ,, 26 ,, 

Sugar . 20 ,, 26 ,, 
Distilled water . . a0 I ,  20 ,, 
Glycerine 28" B6 . . 25 ,, 22 ,) 

For colouring only pale yellow (leinon or wax 
li'or scenting yellow) colouring substances  re used. 

the following are used :- 

Geranium oil , . 240g. 
Verbena oil . . 200 ,, 
Palma Rosa oil . . 160 ,, 
Bergamot oil. . . 170 ,, 
Bitter almond oil , . 10 9 ,  

Tincture of musk , . go,, 

Geranium oil . . 240 g. 
Oil of lavender . . 160 ,) 
Oil of cinnamon . . 140 ,, 
Caraway oil . . 120 ,) 
Clove oil . . LOO,, 
Tinctuie of musk . , . a0 ,) 

~ l Z 0 U U C T I O N  OF LIQUID GtYCll:IZ1NIC SOAPS'. 

Liquid glycerinc soap of the consistency of syrup 
is at present a iiiuch sought after toilct d j u n c t ,  and 
is mostly coloured with pale brown (honey glyoerinc 
soap) OF with pale pink aiid perluined with gcr- 
aniiini oil (rose glycerine soap) end snppliccl to  thc  
trade. 

Particularly fine specialities in glyacriric so:~ps w e  
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mignonette glycerine soap (perfumed with mignon- 
ette oil and coloured pale green) and lavender gly- 
cerine soap (scented with lavender and coloured 
pale blue). 

As regards its constitution glycerine soap is a 
potash soap, dissolved with or without addition of 
alcohol in very little water and mixed with scented 
and coloured glycerine. It is produced by saponifica- 
tion of pure olive oil with potash lye, and dissolving 
100 parts of this soap in a mixture composed of 50 
parts of water and 50 parts of alcohol a t  40 per cent 
and adding 10 parts of glycerine. This soap solu- 
tion is a yellow brown and a certain amount of 
colouring matter need only be added in order to ob- 
tain the honey-coloured article. 

Pure potash oleine soap is an  excellent material 
for the manufacture of liquid glycerine soaps, and 
these can be made without using alcohol. Oleine 
or oleic acid (from stearine works) is placed in glass 
bottles and stored for several months in a cool place 
the temperature of which can sink to 0". During 
this time, the greater part of the stearic and palmitic 
acid di'ssolved in the oleine sinks to the bottom of 
the bottle in a crystalline mass and the liquid above 
i t  appears quite clear. It is carefully poured off 
from the deposit, filtered through thick linen, in 
order to retain all foreign substances vhich may be 
floating about in it, saponified in the cold with 
caustic lye made from potash, and the total amount 
of the glycerine, with the exception of a very small 
quantity, is added, 

13 



This remainder of glycerine is used in  order to 
dissolve in it the colouring and a,romatic substances, 
and is only added when the soap has cooled. Il' bhc 
cooled soap should be too thick, then this draw- 
back can be reniedied by the addition uU :L lairly con- 
centrated pearlash solution (not caustic). 'I'hc 
orclinary proportion of the glyccrinc adtlitiori to this 
soap is 3 papts of glycerine to I p ~ ' 1  ol' oleinc, to 't)c 
saponified. 

The following directions arc given lor thc pro- 
duction of glycerine cold crcaiii soap :+- 

30 kg. of coconut oil, 20 I C ~ .  tallow, 8 kg. ol' castor 
oil, 2 Icg. ol crude palm oil arc 1ic:btotl tojictlicr at 
7 5 "  C. ; Y O  kg. OC caustic socla lye at  : I l i  pw ucnt  arc 
added and stirred, 2 kg. oT glyco~iiic-: : ~ i i i l  4 kg. ol 
spermaceti, this latter having previotzsly bwn wan~zcd 
to 7 5 "  C., are added and stilmd in. 

Then the soap is covercd u1) ant1 101'1 to limt 
spontaneously, which will haw taken pl:~co in iLl)ol l t  

one hour and 8 half. A clcnr yellow, fir-in  so:^]) is 
the result which is very sirtiilor to :L scttlatl soi~p. 

The soap is now placcd in tho nioiiltl :m l  pw- 
fumed with 50 g. cassia oil, 5 0  g. bt>rKitillot oil, 100 g. 
lavender oil, G O  g. of tincture of mizsk, 80 g. tincture 
of benzoin, 20 g. wintorgreen oil, 30 g. clovc oil, 1~nd 
10 g. cinnamon oil. 



GLSCZRINE APPLIED IN MEDICINE. 
Owing to its softening and dissolving properties 

glycerine is widely applied in  medicine. It is used 
either as a solveiit for certain siibstances, for instance 
lor pcpsinc, or for the production of preparations 
with e soltciiing action. Glycerine plaster of the 
Gcriiien pharmacopccia, is made, e g . ,  by warming 
1 part o l  wheat starch with 10 parts ol glycerine in 
e water-bath lor so long until the starch has formed 
into a paste, end consists therci'ore of a paste mixed 
with glyccrine. Thc great dissolving properties gly- 
cerine possesses for many cheniical preparations 
enables the incorporation in this paste of a large 
number of medicinal preparations, and in this 
iiianner renders it posbible to produce iiiedicaimnts 
which must be of very powerful efficacy, as glycerine 
is oasily sbsorlictl by the skin. 

Many preparations which are used lor cracked skin, 
redness, also as remedies lor chilblains, contain gly- 
cerine, aiid owe the greater part of their efficacy to 
the glycerinc contents. 

Liquid soaps for incclicinal purposes can be made 
according to tho following prescriptions :- 

Lrc$url) TAlt ) 4 Ohl'S. 

Two hundred parts of tar are inixed with 400 
parts of oleic acid, slightly warmed and filtered. The 
wcitcr contents has no cletriiiiental action in this case. 
This is warriled in a wat,er-bath, stirred and neutral- 
ized with a, little alcoholic potash solution. To the 
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soap formed, 100 parts of alcohol are added, and 
further, sonie olive oil in order to prevent irritation 
by any excess of potash, and made up with glycerine 
to 1000 parts. This 20 per cent tar soap is said to  
coniply with the highest claims. Mixed with two 
p r t s  of distilled water, the soap lcaves n o  ileposit 
on the sides ol' the vessel. 

LIQUID 8TORAX i ? 0.IPS. 

The process is the same as that in the CDSC ol llic 
soap just discussed. The digestion with olcic :xid 
enable; raw storax balsam to be uscd, lrolu which 
the grosser impurities are reinoved by filtration. 
The' finished soap settles out ; it must thorefom bc:  
well shalien, and should be storcil in clni*k-colonrecl 
glass vessels. 

A soap reconmended as an  excellan t toilol :vljiirict 
can be made as follows : About 10 pcr ccnt 1:molinc 
is dissolved in oleine, saponified its in the! O;LSC 00 llic 
tar soap and scented, and riiost suitthblc lor this piw- 
pose is a solution of couniarin in gcrtmiuiu oil. 
Further, to the finished soap, tincture of benzoin cim 
be added. 

A soap intentionally niade alkalinc, corresp"ing 
to the ordinary glycerine soaps, is l)wticul:wly mil- 
able for disinfection purposes, and lor ihis I 'OQSOZ~ 

should realize a good sale. 
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LIQUID " A K T I S E P T ~  SOAPS 

of best possible neutrality can, according to Aiitoine, 
be obtained as follows :- 

. " .  

Caustic potash at 70 per cent, as free 
tls possible from carlionate . . 51g .  

Sweet alinond oil . . a00 ,, 
Glycerine (30" 136) . . 100 ,, 
Distilled water . . 1000 ,, 

The potash is dissolved in twice its weight of water, 
atid the oil and glycerine added and stirred round. 
The reniainder of the water is then added and the 
iiiisture is kept in a water-bath twenty-four to  thirty- 
sis hours a t  C;0"-70" C .  The non-saponified oil is 
taken off and a jelly-like inass is obtained of which 
900 g. are mixed with 70 g. of alcchol at  90 per cent, 
and 10 g. each .lemon, bergamot, and verbena oil. 
This is wariiied for a few hours a t  GO" C., cooled, 
and the separated potassiuni stearate filtered through 
cotton wool. The filtrate then reilzains clear. It 
coiitains 0.8 to 1 g. of free alkali in the kilogram. 
Thir can be neutralized by introducing a stream of 
carbonic acid or by the addition of 8 glycerine solu- 
tion of tartaric acid. 

\ 

In the spirituous fermentation of wine-must, beer- 
wort, brandy iiiashes, etc., in a word, in every case 
in which alcohol is formed by a fermentation process, 

\ 

I 
. I  , 
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(lily ; this addition has been designated as Scheeler- 
i x i ~ l g  or glycerinizing wines. 

\Ve would, however, lay particular stress on the 
fi@ t h a t  the modern law in  connection with foodstuffs 
l l i b ~  au,ldevmed and prohibited the adulteration of 
1)C:vc:rages with glycerine. When  we make mention of 
tlrc: subject in this connection, we only doso todraw 
ihttontion to this fact and to the distinct warning not 
to add glycerine to beverages intended for sale. And 
i i  would not be wise for anyone to attempt to do 
Lliis in the  hope that the slight addition of glycerine 
will n o t  be detected. The chemistry of foodstuffs 
11:~s nowadays made such rapid strides that this 
w o u l d  be no difticult task at all, although, as we have 
i\rl r.c:a,dy inentioned, glycerine is a normal product 
ol ;LIcoliolic fermentation. However, the individual 
coliiponent parts of a natural wine, etc., exist in the 
wine  in  certain proportions which vary but little. 
‘I’liis would at  once be a help in detecting the addi- 
Lion ol glycerine, alcohol, sugar, etc., that is of ab- 
solnkely normal ingredients of wine, as thereby the 
nori iial proportion of the substances would be altered. 

‘L’lie quantity of glycerine to be added t o  a hecto- 
litw of wine is best ascertained by first adding 50 g., 
(vIiLa,l to  a Lhousandth part of the weight of the wine, 
iriising it thoroughly, mid tasting a sample. If this 
I)I’OVCS insui3icient, then further amounts of 10 g. of 
giyc,crine are added, until the wine as regards matura- 
t io i l  and oiliness has acquired the requisite quality. 

Lt Innst be ueinarked in  this connection that wine 
It .c~utcil  in this ~nannc r  should not be used at once, 
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as at the beginning an experienced tongue would 
at once recognize this addition of glycerine, and 
i t  takes some time before ihe taste of the glycerine 
and that of the wine have combined hariiioniousl y. 
111 order to attain this, it is necessaiy that the wine 
should be stoiecl ior several wecll~s, and after. this 
period even a good winc connoisseur would not be 
able to recognize that glycerine had been intcn- 
tionally added to the wine, presuining, of course, 
that this adulteration does not go beyond a ccr.to,in 
degree. 

It has also been lound prelelrabla to proportion the 
glycerine addilion according to tlic qiiantity ol free 
acids contained in the wine, and l o  increase the gly- 
cerine in proportion to the incrcnsing acidity of' the 
wine. The lollowing short tal)lc givcs this propor- 
tion :- 

Acid coiitentu Llycuvin?. grriiiiiiirii 
111 t l lOl lYRll l l t l lY p u r  Iiivtoliti 11 

7.0 00 
7.5 230 
8.0 160 
8.5 240 
9.0 320 
9 .r5 440 

10.0 480 
10.6 660 
11.0 6 4  0 
11.5 720 
12.0 800 

Although these tables arc quit(. suitnlilc lei. cor- 
tain cases, yct the addition of glycwine in siiclz silldl 
quantities as 10 g. an3  repeated taking oE ~arilplcs is 
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preferable, as one must endeavour to avoid any excess 
of glycerine as thereby the taste of the wine would be 
altered in a striking nianner and the .addition easily 
detected. It must, however, be considered as a rule 
strictly to be observed, never to add such large 
quantities , that  they strike the sense of taste un- 
pleasantly . 

I n  addition to the influence which glycerine has 
on the taste of wine, i t  also exercises an  influence on 
the behaviour of the wine. Wines which have fer- 
mented for some time, and accordingly can only be 
clarified very slowly, soon settle if glycerine is added 
and they clarify rapidly. This phenomenon can be 
explained by the fact that the glycerine, although 
itself a product of fermentation, opposes spirituous 
fernlentation ; the faint a€ter-lermentation which 
still takes place in the wine can then be completely 
suppressed by the addition of the requisite quantity 
of glycerine. 

Glycerine added to beer has the same action on 
its qualities as in  the case of wines; the beer is 
matured, sweeter in taste, and also retains the froth 
longer, after it has been poured into a glass. As 
beer, however, contains far less glycerine than wine, 
on no account should such large quantities of gly- 
cerine be added to the beer as to the wine, and an 
addition of 250 g.-300 g. per lzectolitre should be the 
highest iiieasure in which i t  can be applied. 

The right ivoinent for adding glycerine t o  beer 
depends upon what is to be done with the beer. If 
it is intended to leave it for a long time in storage 

b 
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i n t o  solution than would be possible by the action of 
t h e  alcoholic contents alone. 

I n  connection with the application of glycerine to 
t he  inanuiacture of liqueurs, there is one precaution 
t o  be observed, that is, that the quantity of glycerine 
added to the liqueur should not exceed a certain 
Iueastlre. The reason lor this is the fact that one 
cannot enjoy a liqueur which contains a large amount 
ol' glycerine, whereas it is to the interests of manu- 
facturers to inake the liqueurs in such a nianner that 
a great deal of them are sold. 

We would again call attention to the prohibition of 
t i le applicittion of glycerine ; this refers also to tlie 
Inannfucture of liqueurs. 

GLSCE~~INE F O l t  PILLING G A S  i\lIETEl%s. 

Gits meters, as is known, are filled with water, but 
this niethocl has certain drawbecks, the greatest of 
which is that water is being continually carried away 
through the gas, and therefore repeated filling with 
w:Lter is necessery. I n  order to  remedy this draw- 
l ) ~ c l i ,  in many places glycerine has been substituted 
;I,\ filling for gas meters and with good results. 

Owing to it4 hygroscopic qualities glycerine not 
only gives out no water, but absorbs water froin the 
p , s ;  ~ L S  a rule glycerine diluted with 46 per cent 
w:ht(br, absorljs from tlic gas in the coiirse ol the 
YOiLr 18-1:1 per cent of water, and thcn i t  citn also 
1 i i q ) p i i  bliitt u n  coli1 days tlie glycerine in the gas 
I ~ I C \ ~ , C Y  iuay freeze ancl the working be interrupted lor 
SOlllC days. 



The glycerine contained in the gas 111c?tc~’ I I O ~  only 
absorbs water from the gas, but also a1)sorl.m c c i t r L i r i  
other combinations, in particular sii1l)liiile : L i ~ i i ~ ~ o t l i i i i t  I 

year) iuust be taken out of tlie g , ~  11letcIr. iLrltl ( ; l e i L i l ( b t l .  

The cleaning process is iiiost siiiiply :wc;oinplislic~ti 
by heating it for soiiie hours up to 1; jO ’  U. i n  i~ 

covered boiler connected with a flue wlik;h (1 t’ihwh 

well, whereby the greater part of tho suljslimccs (lis- 
solved in the glycerine can escnpc. T’lie tar-liko 
substances which are absorbed froni the gas rc!iu:~in 
in the glycerine. As soon as a sanil)lc of’ tho gly- 
cerine does not show an alkaliric rei~~tioii  011 cooling 
the heating is stopped, and the glycci*inc is tlcw)l- 
orized by filtration over bone cEi~~.coi~l, wlic~ii it, C:I,I~ 

again be used for filling the gas 11i~tc1~. 
The advantages oflered by filling g :~ \  i i i c > t (  

glycerine consist therein that r c p o ~ ~ b ~ d  fillill(: is 
avoided, and, moreover, the gas is clciLll(’t1 I)y gly- 
cerine, and a glycerine filled gas niclcr I r c u m ~  i i i w h  

more seldom than a water filled gas I I ~ C ~ O L ‘ .  

Owing to its indifference bo iiiotals, glycc~rii~c~ is 
eminently adapted to protect nlelills wliicli i-iist, 

easily, such as polished iron or stec!l. 1’0 tliis c w l ,  
it is only necessary to thoroughly ~ 1 1 1 )  tlio 1tlc1t:~I 01)- 
jects with a cotton wool pad which l i ;~ ( i  1)cvw (1ipl.xvl 
in glycerine and then pressed wit, am1 t l i ( 3  t l i i i i  I : L ~ Y P I -  
of glycerine which is spread on the 1 ~ 4 i ~ 1  p x ~ v o l l t s  
rusting for some time. 

Glycerine has also been used as a lnlxicant lor. i h :  
component parts of delicate machinery, for insti~iico 

and sulphite, and from tiiiiu tu tiulib ( 3  ‘b I Wilt OI1CI’ ti, 
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of watches; it would moreover, owing to its indif- 
ference to metals, be most suitable for this purpose 
if i t  did not possess the quality of drawing humidity 
froni the air. Glycerine, however, diluted to  a cer- 
tain degree with water, loses its thick oily consist- 
ency, and is no longer suitable to prevent friction 
between the parts of machinery. 

GLYCERINE FOR CLAY MODELLING. 

Sculptors, as is well known, make use of a soft 
clay mass for their first rough modelling, and on 
ceasing to work cover it with damp cloths in order 
to prevent drying of the clay. I n  the production 
or large, plastic works, this is accompanied with 
some difficulty, for the clay inodels not only crack 
on drying, but the shape of the model also changes 
owing to the shrinkage of volume which takes 
place as the clay drys. 

These drawbacks can easily be remedied by pre- 
paring the clay not with water but with a liquid 
cornposed of 3 parts of water and 1 part of glycer- 
ine ; the water-attracting quality of the glycerine 
prevents entire drying of the clay, without it being 
necessary to take any other precautions in regard to 
this drying, and for this purpose an  inferior glycerine 
or ilr dark colour cain be used. 

GLSCERINJ3 AITLII’TI TO TEE W E A V I N G  INDUSTRY. 

Glycerine can be very extensively applied to the 
textile industry and particularly to  the manufacture 

i 



of the most delicate cotton fabrics (muslin weaving) 
and also to the manufacture of fine laces. I n  order 
to inipart to the cotton thrcacls which are used in 
the nianufwture of this fabric the neccsiary degrcc 
ol' supplcness they iiinst continually be licpt (li~iiip, 
and fovnicrly such textures wcrc iiiosll*y iiianufac- 
tiired in claiup cellar rooins. Natiu:aIly the coiltiniual 
sojourn in such rooiiis was injurions to t h o  lierdth 
01 the worliers. Thcrefovc the IIII 'CJ~L~S W('L'C i iu-  
pregnatcd with a dressing which lmpt tliciii continu- 
ally damp. 

Preferably niixtnrei of dextrin and jivilpc sugar 
solutions were used on account ol thcbir wotctr-attmct- 
ing property, but they were not vary suilablc ; only 
since glycerine has bccn acldccl to tlicse dixssirig 
compositions have the results bccn ratiilactory, mcl 
the iiiost clelicate muslin fabrics ant1 lrtcc woi~lr can 
now be manufactnrcd in perfectly dry and airy i ~ ) m i s .  

The compositions which are used for tlicsc diu+- 
ings are very numerous sncl consist mostly of tlastl-in, 
alumininm sulphate, ttncl glycerine, for instancc :- 

Dexlriii , . 5 p 'wls  
Aluminium sulphate . 1 ,, 
Mixed with glycerine , . 19-15 ), 
Dissolvcd in w h r  . 30 ,, 

T'lie dressing reumins continnally (l:tiiip, liai no 
snzc11, and is not liable to become iiioiil(1y. 

Glycerine can be used with great :IdviLnt:Ljie in 
diiferent branches ol the textile industry, in nll  
where it is a question of imparting to  the cotton or 
fabric suppleness and softness, and the simplest form 
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of application consists in adding i t  to the water with 
which the cotton yarn or fabric are to be washed: 
on drying the fabrics the glycerine remains dispersed 
throughout the whole mass of the fibre, and gives it 
such a high degree of suppleness and elasticity that 
the value of the fabric in question is thereby con- 
siderably increased. 

C~LSCERINE APPLIBI) TO THE MANWACT~U~B OF 
PAPER, TOBSCCO, ETC. 

Paper which is made froin straw and wood sub- 
stance only, or with the addition of these materials, 
often possesses the undesirable quality of brittleness 
and hardness, and often on merely folding breaks. 
The quality of paper also in respect to suppleness 
can be considerably improved if to the. paper pulp, 
coniisting of paper substance and water, a small 
percentage of glycerine is added ; i t  prevents entire 
drying of tlic finished paper and also the resulting 
brittleness. 

Glycerine is also iiiade fairly considcrable use ol' 
in the mannfacture of tobacco, and in the pre- 
paration of snuff and chewing tobacco, which, whcn 
glycerine is added, does not dry up. 

Wood which has been impregnated with glycer- 
ine obtains a high degree of suppleness, and even 
brittle wood, impregnated with glycerine, can easily 
be bent without cracking, a fact which should be 
of great consideration to the wood-worker. I n  order 
t G  render wood more receptive for glycerine, i t  is 
as well to dry it thoroughly in 8 kiln, 4nd while it 

I 
' I 

i 
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has a temperature of 70"-80" either to  place i t  in 
glycerine or to coat it with it. Glycerine is cagerly 
absorbed by the hot wood and penetrates very decl'ly. 
Casks, made of wood which is impregnatcil wit11 
glycerine, can remain some time as~~oscc l  to tlic air 
without becoming non-waterproof, 1)ec:ti~sa glywrine 
being a water attracting substancc I c q ~  tlzc wootl 
continually damp. Also, sncli ctwks (30 not ELSSUII I c 
any musty or unpleasant sriiell insitlc a18 glycx~riiic 
arrests the development of thc  siiiall fnngi whicli 
cause this smell. 



CHAPTER XV. 

CIllCNIPUAL ANALYSIS O F  GLYCERINE. 

SINCE glycerine has attained such iinportance for 
inany industries and particularly since i t  has been 
used in such large quantities for explosive prepara- 
tions, the analytical determination of glycerine in a 
liquid has becoine of considerable value, and several 
inethods are used in order to determine the amount 
of' pure glycerine contained in a given substance. 

In coiuinerce different sorts of glycerine are dis- 
tinguished, according to method of production, 
whether distilled or not, as also to purity and con- 
centration. According to their origin crude glycerines 
can be divided into saponijcation glycevi,ze froin 
autoclave saponification, or fat-splitting, according 
to the Twitchel iiiethod, distillation glycerhze, which 
is a by-product obtained by the saponification of fat 
with acid and cleaned by distillation, and soap-lye 
glyccriiie obtained from spent lyes from soap-boiling. 

T'hc most iiiipure glycerine is the lye glycerine, ob- 
taincil lroiii the spent lye in soap manulacture. I t s  
ash content ainounts mostly to 10 per cent and is due 
io tlic proscnce of coimiioii salt, soda, caustic soda, 
imd  also sodiuin sulphate. Further, lye glyceline 

(209) 14 
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often contains gelatinous and resinous substances, 
end carbureb of hydrogen. It is light brown to 
brown red in colour, the specific gravity is 1.3 or 
34" BB, and the glycerine content 80-82 per cent. 
The high content of ash, the strong chlorine re- 
action, and the high specific gravity are all points 
by which i t  can be recognized. 

Distillation glycerine possesses a sharp astringent 
taste and smell. The  percentage of ash is 3.5 
per cent ; further, organic impurities are always 
present. The concentration is usually 28 136, the 
glycerine-content between 84 and 86 per cent. 
The colour is straw yellow to dark amber, and dis- 
tillation glycerine can be recognized inasinucli &s 
lead acetate gives a strong deposit, and on hydro- 
chloric acid being added it beconies very muddy, 
due to the liberated free fatty acids. 

Comparatively, the purest is the saponification 
glycerine. It contains only 0.5 per cent ash, but 
much lime and magnesia. I t  is also concentrated to 
28" l 3 B  and differs from distillation glycerine in that 
when treated with lead acetate there is oiily i~ slight 
and slow deposit;, and hydrochloric a,citl does not 
cause any turbidity. 

The purest is the double disbilletl glycerine with 
a percentage of water of only 2-5 per cent. It 
must be colourless and should not possess any un- 
pleasant smell. Once-distilled glycerine must olso 
answer these requirements, but i t  gcncrillly contains 
slight quantities oi salts. 

For the purposes of soep nianufacturc glycerine 
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€ree froni lime should be used ; i t  does not need to be 
distilled, but should be free froni lime compounds. 

Glycerine to be used for the manufacture of nitro- 
glycerine, that is in the nianufacture of dynamite, 
is mostly once-distilled, bu concentrated glycerine 
should only contain m a l l  quantities of impurities. 
O n  the other hand, thecolour is a. matter o i  second- 
ary importance, provided it is not due to large 
quantities of impurities. The specific gravity should 
not be less than 1.261 a t  15.5" C. 

Refined or coiiiinercial glycerine is mostly not quite 
odourless and contains different impurities, particu- 
larly dissolved salts ; it is usually met with at concen- 
trations of 18-94 and 28" BB. 

Double distilled cheinically pure glycerine should, 
according to the indications in the German phar- 
iiiacopaia, stand the lollowing tests :- 

A mixture composed of 1 c.cni. glycerine and 3 c.cm. 
zinc chloride solution should not during an hour as- 
sume & darker colour. 
I1 glycerine is diluted with 5 parts water and 

iiiixed with sulphuretted hydrogen water, barium 
nibrate, aniinoniuin oxalate, or a solution of calciuin 
ellloride, there should be no precipitate or cloudiness. 
Silver solution should only cause faint opalescence. 

Five grin. heated in an open dish and ignited, burns 
away leaving a dark stain which on being heated 
still lurther conipletely disappears. 

If a mixture of 1 grm. of glycerine and 1 c.cin. of 
ainiiionia liquid is heated in a water-bath to GO" and 
then at  once mixed with three drops of silver nitrate 



solution, then within five minutes there should 
be neithcr coloration nor a brown blizdi deposit 
in this uiistuie. 
Two c.ciii of glycerine wariiied with 1 c.cui. ol 

soda lye, should give no colomtion, neither shonlil 
there be any ainiiioni:h or siiicll of gllic-lilic SUI)- 
stances CVOlVCil. 

One c.ci1~. of glycerine gciitly waviiieil willi 1 c.ci11. 
of ililiitcil siilpliuric x i d ,  sltould givc: iio rnipleasant 
raiicitl siiicll. 



W:tt er in 
l i l l l  ptu. 

:Ilycwine. 
Specitic 
Gravity. 

iised, whereby glycerine in the presence of snlphuric 
acid is by ~iieaiis of bichroinate oxidized to carhonic 
;xid, when the ainount 01 the oxidizing snhstance 
used up is determined with ferrous ammonium sul- 
phate. If according to this method corrcct results are 
to be obtained, then the liquid to  be aimlysed shoulcl 
be free from chlorine and as far as poqsible froin or- 
ganic substances. According to the regulations of 
the Analytical Goinnlittee ol' the Convention of 
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German glycerine manufacturers, the following is 
carried out :- 

The following aqueous solutions are t o  be made 
and used at  15’ C.  :- 
(a) Potassiuiv bichromate solution, which in a 

litre contains exactly 74.86 grm. of potassium bichro- 
mate and 150 ~111.~ of concentrated sulphuric acid. 
One c m 3  of this solution is equivalent to 0.01 grm. of 
glycerine. 

( b )  Diluted bichromate solution. Obtained by 
dilution of 100 c.cm. of the solution (a) to 1000. 

(c) Ferrous ammonium sulphate solution. Con- 
tains i n a  litre 240 grm. of ferrous ammonium sulphate 
and 100 cme3 OB concentrated sulphuric acid. 

(a) Solution of red prussiate of potash 1 :1000. 
This solution is always freshly prepared. 

E’or the standardization of the ferrous ammonium 
sulphate solution, 10 cni of the solution are titrated 
with the diluted bichromate solution, until a drop of 
the mixture with a drop of the red prussiate solu- 
tion mixed on a white porcelain plate shows no 
visible blue coloration. Ten c.cm. of this solution 
corresponds to about 40 c.cm. of the diluted bichro- 
inate solution, that is 4 c.cm. of the concentrated 
bichromate solution. 

The determination of glycerine in spent lye with 
the help of these reagents is carried out in the follow- 
ing manner :-- 

About 20 grm. of spent lye which, however, must 
not contain inore than 2 grm. pure glycerine are placed 
in a iueasuring flask of 200 c.cm contents, care- 



fully weighed end practically neutralized with dil- 
uted acetic acid with a specific gravity of 1 . 0 4 1 ,  and 
the iiiixture iiiust on no account be acid. Then this 
is diluted with distilled water to a voluiiic of about 
50 c.cm. and swirling round grailnelly, 1)asic lear1 
acctate solution, is added, until attcr stailding foi. soillc 
time, tho liquid, on the addition O C  a i‘urthcr ilmp 
of lead solation, docs not show aiiy Siirthcr 1)rccipitatc. 
It is tlicn left for about half iln ~ O U U  m ~ t l  tlic inistirrc 
inailc wp to 200 c.ciii. at a teiiipcratiirc or 15” Cj. 

01 this well-inixcd and scdAlotl liquid, p u t  i h  

filtcred through 8 dry filter. 20 c.0111. or this filtr*:Ltc 
correspond to CLI grin. spent lyo, 1~1x1 i w  now placcd in 
an lCrlcniiieyer flask of 300 C . C I I ~ .  capci ty,  wlicn iii 
the following order are addctl : - 

1. 30 c.cm. distillcd water 
2. 30 cam. diluted sulphuric ibcid 
3. 25 c.cm. of concentratcd bichisomritc solution. 

This inisturc is then saspcndctl in  1)oiIing w;itor lor 
two honrs and thc f h k  covcrctl with ih ~ i i i d l  I~ inncl .  

After this tiiiic, and whcn tlw ~uixtiu*o has bc- 
coinc cold, it is titrntcd lmck with t l i ( 1  stantl:i,rtli;scyI 
Icrroiis aiiimoizirzui sull)hatc solution imtil II. tlu.rr)) of 
tllc iiiisturc with thc rctl ])rl1shiitt(! O U  l>ot ih\11 givci 
;I, blue coloration. 

Thc c:~lciil~tion is thcn :LS follows :- 
If, for instance, lor tho rc:titi*iLtion ol: t1lo osidixccl 

liquid, tli:it is the rcniaining PXC 

in+te solulion, (1.0 c.cm. ol‘ thc: iron solution :ti*(’ usctl, 
thcn thcso corrcqmnd to 4U x 0.4 = 1 (j 0.0111. of thc 
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bichroinate solution. If these are now deducted 
from the 25 c.cm. added in the beginning, then 
25 - 16 = 9 c.cni. of strong bichromate solution 
would be necessary lor the oxida,tion of the glycerine, 
which corresponds to 9 x 0.01 = 0.09 glycerine. If 
this quantity was found in exactly 2 grm. spent lye, 
then this contains 0.09 x 50 = 4.5 per cent glycerine. 

EXAMIKATION OF GLPOERINE FOR DYNAMITE-MAIWX;. 

E'or the examination of glycerine intended for 
dynaniite- or nitro-glycerine manufacture, a nitration 
test is generally made, whereby is established how 
much nitro-glycerine can be produced from a given 
weight of glyccrine. For this purpose, 15 grm. gly- 
cerine is nitrated in a glass cylinder with 70 c.cni. 
of a mixture of 37  per cent pure sulphuric acid, of 
specific gravity 1.5, and 63 per cent pure nitric 
acid of specific gravity 1.485 a t  a temperature not 
allowed to exceed 20" C.  The nitro-glycerine should 
separate out from the acids with a sharp surface of 
separation, leaving no flocculent substaiices suspended 
in thc under layer. Then the nitro-glycerine is 
separatcd froin the acid in a separating funnel, 
waslied with water a t  95" to 40" C., then a few 
tiincs with a 20 per cent soda solution, and finally 
again with water. 

Theoretically 100 grm. glycerine should yield 
246.7 grm. nitro-glycerine. But  dynamite glycer- 
ine is never ~ m r e ,  and there is besides sonie loss in 
nitration, buk the yield should be at  least 907 to 
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210 per cent. I n  order to render nitro-glycerine 
harmless, it is best to run it into strong soda lye, 
whereby it is decomposed. 

Under the title " E i n  Beitrag zur Beurteilung des 
Dynamit-glycerins," Franz Hofwir-nmer, Vienna, 
publishes in the 'i Chemiker Beitung," No. 5, 1912, 
the following :- 

For glycerine,intended for explosives ilianufacture 
a very high standard is fixed both as regards quality 
and concentration. 

As is known, the nitration of glycerine is due to 
a reversible reaction ; therefore it is striven, in order 
to secure the best possible yield, to reduce the nia,ss 
of water present in the reaction to a minimum, 
which in the first place is accomplished by employ- 
ing % water-free nitric acid, and an almost absolute 
glycerine. Further, the use of a glycerine contain- 
ing much water would increase inadmissibly the 
danger of decomposition, or a,t least cause a very 
energetic development of heat. For this reason, 
dynamite glycerine must be a t  least 07.6 to 98 per 
cent, it should further evitporate at 180" C., leaving 
at the most 0.2 per cent residue, and only 0.05 per 
cent ash. I t  should contain neither reduction sub- 
stances pcrtrlein) nor f t t ty  acids, nor chltrrinc. T'he 
colour should be only wine-yellow, and the specific 
gravity at 1 5 O  C. should reach 1.2625 - 1.2tjSO. 

Although most dynamite glyccrinw ;mHweT: these 
xequirements, they notwithstanding ol'ten leavc iiiuch 
to be desired on nitration as regards yield of nitro- 
glycerine, for which reason the usual iiiethods of 
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examination for this product give no definite results 
as to the yield of nitro-glycerine. 

The frequently used method of Hehner yields 
indeed very exact results in the examination of crude 
glycerine ; it is, however, more or less useless for de- 
termining the quality of dynamite glycerine. The 
method gives only correct results when the glycerine 
under examination is free from polyglycerols. These 
are formed during the distillation of glycerine as a 
consequence of local over-heating, and are able to 
afl'ect very prejudicially the yield of nitro-glycerine. 
These polyglycerols result only from the splitting off 
of water, and in the estimation according to Hehner, 
all the C,H,, residue of the glycerine comes into con- 
sideration. * Under these circunistances a glycerine 
examined by this method may show a C,H,O, con- 
tent of more than 100 per cent. I n  nitro-glycerine 
manufacture, however, the quantity is only deter- 
mined by the hydroxyl groups contained in the 
glycerine, so that a product containing polyglycerols 
yields a deficient quantity of nitro-glycerine. Whilst 
92 grm. glycerine should yield theoretically 227 grm. 
nitro-glycerine, corresponding to 236.7 per cent, 
there results from the polyglycerols only the nitro- 

119z 108 
glycerine celculated from the formula A = -9dz - 

(where II: is the number of compound C:,H,O, mole- 
cules to a molecule), Diglycerine gives a theoretical 
yield of l S 8  per cent, and triglycerine only 168 per 
cent. To what extent a polyglycerol content is able 
to reduce the yield of nitro-glycerine is well illus- 
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trated by the following example. A dynamite 
glycerine that contained 8G per cent C<,H,O,$, 1 0  per 
cent diglycerine, C,,H,,O,, and 4 per cent water, 
gave according t o  the Hehner method of analysis, 
97.08 per cent C,H,O,, and 2 02 per cent of water, 
and should produce therefore on nitration a thcoreti- 
cal yield of 239.5 per cent nitro-glycerine; owing 
to the diglycerine content, however, the yield is rc- 
duced about S.5 per cent, so that lor the tnanulactiwc 
of: nitro-glycerine the glycerine IS not 97.08 pcr cent, 
but only 93.46 per cent. The nitrogen-contcnt ol' 
nitro-glycerine obtained does not rcach by f a y  tlie 
theoretical figure of lS.50, so that lihc quality o l  thc: 
product is also unsatisfactory. 

The exairhation of dynamite glgccrine by the 
acetin method inight be espected to give correct 

since it depends entirely on the qunntitative cstinia- 
tion of the hydroxyl groups. It is, however, 
scarcely to be expected that the polyglyccrols would 

acetic anhydride, but on the contrary thcy hydrolyse 
to glycerine and are estimated as such. On this 
ground. the acetic anhydride iiiethoil  nus st ,150 bc 
rejected, apart from othcr defects of thcl ~ ~ ~ o c c c s s  
which must be tltken into considcra,tion. 

Frequently i t  is attempted to ileterniinc tho 
water contained in glycerine by drying over sul- 
phuric acid in, Z ~ ~ Z L O .  This method requires soinc 
considerable time and is, moreover, not quite nc- 
curate, since glycerine, on account of its cnargetic 

i 
I 

! 

results, as will be understood lroin thc foregoing, \ 

1 

be able to withstand a boiling oi some hours with I 

I 
I 

I 
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water-absorbing power, retains water under these 
conditions. All the remaining methods of glycerine 
cstiluntion described in the literature leave much to 
1)c dcsiretl partly in accuracy, partly in simplicity. 

The only accurate and absolutely reliable test for 
dynrtiiiite glycerine is therefore by nitration and 

determination of the nitro-glycerine 
produced. The well-known nitration 
appamtus ol Novak and Schagel is 
not very suitable for a rapid and 
exact nitretion, since in this only 
some 80-100 g. glycerine can be 
nitrated, a quantity which one can 
neither weigh accurately on the 
analytical balance nor with the 
ordinary scales. A nitration by 
means ol’ the above-named appar- 
atus, by the time that one has 
weighed the dried nitro-glycerine, 
takes a t  least 12-24 hours ; work- 
ing with proportionately larger 
quantities (150-200 g.) is a some- 
what dangerous undertaking, especi- 
ally for the inexperienced. 

Pol: the rapid, exact, and at  the 
mine tiiiie safe nitration, an ap- 

I ) ;mtus  l l w  I)oon devised, so constructed that i t  
pIrt1iits 1)otli ilia glycerine to be weighed on the 
ihil:Llylic;d l ) ; b l , i  iico, a i d  also the nitro-glycerine 
Iol . l l Ic t I  Lo I N ,  I)rought i i i tu  a ineasuring tube ‘L~c- 
(~ILl~:LtoIy clivitlutl into twuntieths of a c.cn1. The 

l l 1 l ( i .  7.  



‘228 GLYCERIN 14 

apparatus shown in the figure consists of the gly- 
cerine pipette A, and the immuring tube B, which 
is furnished with the cock H, and is enlarged at  
the top into a very thin-walled nitration vessel N, 
enclosed in the cooler I<. The glycerine pipette 
is furnished with two marks, which correspond to 8 
weight of glycerine of 1 0  g., and is closed by n ~ a n s  
of a glass tap. Both this and the nitration vessel 
are fixed by means of clainps to the s a u e  rctort 
stand. A nitration in this apparatus IS carried ont 
in the following inanner. The nitration vussel is 
filled up to above the fixed 1narli with the nitrating 
acid and cooled to 15“  C., when one allows the cs- 
cess oil acid to run away through the cock 13. While 
the glycerine is allowed to drop from the pipette A 
into the nitrating acid as slowly as possible, for tho 
purpose of thorough stirring, one conducts tlirougli 
the apparatus a current of air dried by Illems of 
concentrated sulphuric acid, and carrics away tha 
heat generated in the reaction by a rapid llow oi 
cold water. An observation of the nitration tcni- 
perature 111 the sinal1 glycerine niass IS not mocsswy, 
especially if the temperature ol thc cooling w;~,tcr is 
only 12-15’ C., and it passes through the ooolor with 
an adequate velocity. As soon as tlic glycerine l m  
run down to the lower mark on tho pipoLt(>, olio 

shuts the cock of the pipette, allows about ;LIN)~,IWI 
minute’s stirring, and then interrupts the itir currciit 
by shutting the cock H. Alter standing a (11iiLlkl.  

of an hour (with the cooling water r:anniiig) tlle 
nitro-glycerine completely scp”es  fro1 11 tlict wi~stc 
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acid, whereupon the latter is allowed to run down 
to the zero mark, when the volume of the former is 
read off, and from the result is calculated the glycerine 
contained in the 10 g. weight. Since the read-off 
and calculated nitro-glycerine gives no proof of the 
quality of the glycerine used, a nitration must be 
carried through for comparison under the same ex- 
perimental conditions on chemically pure 100 per 
cent glycerine; the result is noted once for all as 
corresponding to 100 per cent glycerine. For ex- 
ample, 10 g. of a glycerine gave 14.45 c.cm. of nitro- 
glycerine, and by the nitration for comparison under 
siinilar conditions of 100 per cent glycerine, 15 c.cm. 
of nitro-glycerine were obtained, so is the glycerine 
under examination, irrespective of the C,H,O, con- 
tent found by the Hehner or any other method of 
examination, valued as 14.45 : 15.00 = 96.3 per 
cent dynamite glycerine. 

I t  is absolutely necessary always t o  work under 
the same conditions. I t  is advantageous to employ 
for 10 g. glycerine, 60 g. nitrating acid (45 per cent 
HNO, and 55 per cent H,SO,) and the reading of 
the nitro-glycerine volunie is made at 15-16' C. 
Since the size of the yield is chiefly dependent upon 
the ratio between the glycerine and nitrating acid, 
the mass of the glycerine used should not much ex- 
ceed the limits 9.9-10.1 g. 

The apparatus permits in an  hour an exact esti- 
mation to be easily carried out, which represents an 
advantage over other niethods not to be despised, 
and, since in the purchase of dynauiite glycehm 
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differences frequently arise between buyer and scller, 
owing to defective methods of examination, should 
be a very welcome laboratory apparatus to the 
dynamite as well its to the glyccrine manufacturer. 
On account of its simple and solid construction, it; is 
very easily cleaned, and the risli of b r d i a g c  is only 
very slight. The manufacture of the i~,ppr:ht;us is 
unclertakeii by the firm Ephraiiu Grciiier, of Stiitwr- 
back, T'huringcn. 
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pounds can easily be ascertained by the addition of 
a solution of nitro-prusside sodium or salicylic acid. 
I n  both  cases red coloration. takes place in the 
presence of iron coiiipounds ; the presence of copper 
citn be proved by the addition of aimnonia ; hereby 
the glycerine, particularly in thicker lagers of the 
liquid, has a distinctly blue coloration in the presence 
of copper. 

Soiiie 1;inds of glycerine have a peculiar smell 
which is either sour or rancid. I n  the fornier case 
it is generally due to  forniic acid or acetic acid, in 
the se,cond to hutyric acid. Foriiiic acid can be 
recognizccl by iiiixin(T the glycerine under cxamina- 
tion with an ariiiiioniecnl silver nitrate solntion ; in 
t h o  p s e i i c e  of formic acid, iminediate separahion 
ol' the iiietallic silver takes place ; if the glycerine 
is p r e ,  on becoming cold, the liquid remains clear, 
and only on heating reduces the einmoniecal silver 
ositlo to silver metal. Also both acids can be 
clc,tccted by the sense of smell, if the glycerine is 
niisecl with sulphuric acid. 

Butyi:ic acid is best detected by the O~OLII:; 

the glycerine is rubbed between the liands and 
tliese :we b1:onglit up to the nose ; the presence 
of butyric acid is at  once detected by the unpleasant 
rniicid snlell wliioli is peculiar to this acid. Further, 
this h t y r i c  acid test can be carried out in another 
iiiainier'; t o  this end equal voliunes of alcohol and 
of the glycerine are mixed, and t o  the mixture 
snlphuric acid is added ; in the presence of bntyric 
LLcid, butyric ether is formed under these circurn- 

? 

l K  
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stances, and the liquid has a very pleasant and 
cliaracteristic sniell of pine-apple. 

Albunien is precipitated by means of tannic acid 
or in flocks by acidifying with acetic acid. 

Intentional adulteration of glycerine can bc 
made either with grape sugar iii the I'orm of s tardl  
syrup, or for this purpose the thick syrnp of: beet sugar 
factories is used, which in addition to grapc sugar 
also contains cane sugar. We shall give later on the 
method by which these &Herent sugars can be dis- 
tinguished from one another. I n  any case these 
adulteratioiis with respect to relative prices hardly 
ever occur now. 

A s  a first test as to probable sugar contents, sriiall 
quantities of the glycerine to be analysed are mixed 
with kali lye and concentrated sulphuric acid : if the 
sariiples are free from sugar, then they are not altered 
by these additions : if they contain sugar they will 
colour brown already when cold OF on gentle heating 
and humic substances arise from the sugar. 

It has heen proposed to deterrninc the addition ol' 
grape sugw by warming glycerine with thc so-cilll(~tl 
Fchling solution (slkaline copper. osidc ~) lu t io i i )  ~ 1 1 0 1 1  

in the  prescnce of grapc sugar rctl copper pi-oiosidc~ 
is sepamted; as, however., purc glyccrinc givcs iL 
deposit in the Fehling solution, this test is haidly 
applicable. (This does not agree with thc trails- 
lstor's experience.) 
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A very simple lnethod of proving the presence of 
S I I K ~ L I '  in glyceiine is by nieaiis of the polarimeter ; 
gl yocriiio does not cause the plane of polarization 
to tluvi:Ltc ; sugars do, either to the right or to  the 
1cL't. Glyccuine which is of too dark a colour to be 
t c+totl in  ;L polarimeter should be decolorised before 
tllc tcst. This can be accomplished by iuixing the 
glyccriiic with 0.1 of its volume of lead acetate, 
~ l ~ i ~ l i i ~ i g  i ~ n d  Iiltcring h o m  the resiclue ; on calculat- 
ing llic sugar contents this dilution must be taken 
into :mount .  It is siiiipler to filter the glycerine 
io  Iw tcstcd th~ougli  dry spocliuiii whereby i t  is 
sitllioiciitly decolorized to  enable the optical test to 
I ,u 1". 

JI' gl ycu~ino  aoiilaining suga; causes rotation of the 
p1:tnu ol' pol:Lrination, then the question may possibly 
wiw iL< to whether it has been mixed with potato sugar 
01' :tlso with c m e  sugar syrup, the latter of which 
c o i i t ; ~ i i i h  diil'ercnt qucmtities of cane sugar and grape 
hllgiLY. In  ordcr to ilcteriniiie this, it lliust first be 
:wm-hiiic(l by how iiiaiiy degrees the plane of polariza- 
tion 1 l i Lq  1)cen rotated, and then the sugar must be 
i~ivc~r tc t l ,  that is transforiiied into invert sugar ; this 
1;Lbtrr t i ~ l ~ ~ s  14itcc b y  heating the glycerine to be 

(1 !or ton iiiiiintes with 0.1 of its voluiiie ok liydro- 
o I 1 1 o i - i ~  :wid to 70-80 U. I1 originally the plane moved 
t,o i l \ ( 5  1*ighL, mid if the rot;Ltion, which now owing 
t,o L I 1 o  tlilrition with hydrochloric acid must be yeclioned 
0.1 I~ighcr, rciuains unaltered, then grape sugar 
i b l o n t b  W:LS present, ii, however, the plane rotates to 
tllc lclt i~ l tc r  the original liquid had indicated a 
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iiioveincnt to thc right, then this is a proof tliat the  
glyceriiic contained Falie sugtir ; cane sugar iiicliiics 
to the right l~ i id  the resultmt invcrt sugar to the 
left. 
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tents. The powder-like residue reiiiaining in the 
dish is again stirred with 10-12 ciii.3 of alcohol, 
drawn off hot, the extract poured into the 100 cni.:j 
receiver, arid this process repeated for so long until 
the ainounts of the estracts are about 65 ~1x1.~ the 
insoluble residue reriiltining in the dish. Then the 
simll luniiel attached to the 100 crii.:j receiver is rinsed 
with alcoliol, the alcoholic extract is cooled to 1 5 O ,  aiid 
i t  is filled with alcohol at 06 per cent to 100 C I ~ . ~  

After vigorous shaking the alcoholic extract is filtered 
tlirough a plaited filter into a graduated gla'ss 
cylinder, 90 tin.:! filtrate are poured into a glass dish, 
and evaporated over a hot-water bath avoiding any 
powerful boiling. The residue is collected with sinal1 
quantities of absolute alcohol, the solution poured into 
a divided glass cylinder, provided with 3. stoppex, and 
the dish is washed with sinal1 quantities of absolute 
alcohol, until the alcohol solution aniouiits t o  exactly 
1.5 em.:! To this solution 7 .5  ~ i i i . ~  of absolute ether 
slioulcl be added three,times, aiid the solution should be 
wcll shalien &el: each atldition. The closed cylinder 
rcmains stancling until the alcohol ether solution is 
quite clei~r ; then t,he solution is poiired into ;L weigh- 
ing glms fitted with a ground stopper.. After the 
glass cylirider has been rinsed with a mixture (about 
5 c~ii.") of 1 volume of absolute alcohol, with 1.;. 
voluines of a,bsolnte ether, and this liquid has been 
poui:ed into the weighing glass, the alcoholic ether 
liquid is evaporated over a hot but not boiling water- 
1);1,tIi, when violent h i l i n g  of tlie solution must 
1)e avoicl(-!cl. Alter tlie residue in tlic weigliing glass , 





CEIEMIUAL -4N-4LYSIS OF GrLYCII:IZISE 231 

DETERMIXATION OF GLYCERINE IN BEIGR. 
The determination of the glycerine contained in 

beer can be carried out as follows :- 
50 ~ i n . "  of beer are evaporated with about 3 g. cnl- 

ciuiii hydrate to the thicliness of syrup, arid then 
inised with 10 g. coarw powdered mai*blc or sea saml 
and 1cLt to dry, but the residue should not be qiiitc 
dry or hard. Then it is coriipletely separated Iroin 
the dish and boiled with 100-150 C I I I . ~  of strong 
alcoliol at  about 96 per cenb Alter filtering, tlic: 
ttlcoholic estiact is evaporated or distilled, and tlic 
residue is again dissolved in 10 cni.'i alcohol. 

To this solution, 13 cni,:j of ether arc ,zddcd in 
t h e  portions, ihe solution is thoroughly iiiixed after 
eacli addition and left to  settle. The clcar ether 
alcoliol solution containing the glyeerinc is poured 
off, the residue again treated with 5 c i ~ i . : ~  alcohol and 
shal<on with 7.5 cin of ether in two portions, whcn 
tlic glycerine rcniaining in thc residue i5 clissolvcxl. 
T n  a, weighed weighing glass the ether alcohol soln- 
ti(m is evaporated t o  the thicliness o l  a syr~i i ) ,  an(1 
bhon lcfb to c1ry.an lioixr in a water-liath tlrying ovcii, 
wriglied, and the glycerinc tested for the picscii~o ( ) I  
i iny sugar:. Or, the ether alcoliol solubion cont ttin- 
ing the glycerine can be evaporated in a. p1,ztinuiii tlisli 
and, d b c r  drying, weiglied, when bhc contcnt? or tli(1 
(lis11 can l)e ashed in orclcr to detcrinine mny csisb- 
ing niincml substanccs, and separate! thcbiu f r o i ~ i  t l io  
glycerine. 
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p p e r  :Ll)sorb it ancl tlien detonating on aii anvil. If 
t h :  oil is dissolved in alcohol and iiiised wit11 a solu- 
ti(i1.1 OT tLiiiriioxiiuiii sulphide in alcohol, then polysul- 
pliiclc is foriiiecl, and later the sulphur separates. If a 
t l i ~ i p  of the oil is placecl in a solution of green vitriol 
iiiisctl with hydrochloric acid, and if this is warmed, 
tli(m tlic nitrous osicle reaction should result. If a 
tlt.op OI tlie nitro-glycerine is added to a potassiuiii 
iciclitlo starch solution acidified with diluted sulphuric 
:toid ILI~(? niised with a few fragments of zinc, then 
tlio licluid turns blue. If the oily deposit is evidently 
i i i ~ ~ i I ’ ~ i ~ i i i ,  :tiid its specific gravity about 1.6 and it has no 
])iLl*tic11l:tl: odow,  it iiiay be taken that it is only coni- 
1)osctl or nitro-glycerine. If impure ether has been 
I I S C ; ~  thcn the impuyities will be found in the residue. 
I f  there, are 1iioi:e than traces of sulphur, paraffin, 
i L I l ( 1  i.csiii, they , separate from the nitro-glycerine. 
I n  ordw to analyse these, some of the separated sub- 
shii(;c is tt~lreii and pressed between filtering paper. 
‘l’liu siiIj~liur separates in the forin of crystal ancl can 
IN! i*c?coyiii.etl tlwreby as itlso by its sinell and flanie 
t i t i  I)(Jiiig ignited, IU the  es t rmt  freed lroiii ether is 
t8t.o:it,cxI wit11 culd ttIcohol, then paraftin reinailis behiiicl. 
Any rosin c:m, Ly Imiling with a soda solution, be 
si~poiiijictl : ~ i i d  isolated froiu the soap by precipitation 
)vi th l~yili*ocliloric acicl. 81iould all three substances 
I)( \ ,  in  t l ic:  tlyiiaiiiite at  the saiiie tinie, the nitro-gly- 

iiic slioiild jirst 1 . ~  decanted and the residue care- 
od 1)ctwecn fiI.teriiig paper : tlien by boiling 

w i t , I i  ;L  soil;^. scili~tion the resin is first separated, and 
t , I i ( :  r c ! s id i i c~  wiasIiec1 with waher and clriecl. I’art 
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time, then according to the wel1-1i110~11 inethod they 
can be determined singly in the residue. If, how- 
ever, several orgaiiic absorbeiits are present, the pro- 
portion can only be approxiiiiately determined by 
nieaiis of their elementary composition. 

The stability of dynamite is deterinined by the lieat 
test, and further by a thrice-repeated freezing and 
iiiclting, as well as by esposure for eight days and 
nights at  SO" with regard to any oozing of the nitro- 
glycerine. Any inclination to absorb huinidity with 
eventual sepsmtim of nitro-glycerine can be tested 
by exposing over avessel filled with water for twenty- 
four hours under a glass bell-jar. 

TI: ' 6lINC; <,l OL' ESPLOSIVE ~ E L . S T I N 2  ANI GELATIPL'E 

I)Y.siLMITE. 

The annlysis according to Hess is as follows:- 
Qiuditc&io A~i,dysis.--A. slice is cu t  out of the 

iiiitltllc of the cartridge with a kiiife of wood or 
horn niicl cut up into siiiall pieces placcd in a siiiall 
roceivcr, and a. iiiisture ol 2 parts of water-free ether 
and 1 part water-free ~lcc-~liol is poured over it. There- 
1)v the nitro-glycerine, collodion cotton, as well as other 
adiiiixtures of camphor:, resin, paritffin, ancl s~ilpliur 
arc dissolved. The estract is iiiised with an excess 
ol' chloroform, which precipitates the collodion cotton. 
'L'lict solution tibove it is poured off, and the residue 
is pi:essed between filtering paper. The separated 
collodion cotton is recognized b y  its coinbustibility 
: ~ n d  its esplosiveness caused by S ~ I O C ~ ,  as well as its 
bcliaviour in tlie prisence OS soc1iuiii sulp1iicle solution 
fro111 which i t  is freed by boiling. On  boiling with 

I 

I 
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hydrochloric acid and sulphate of iron a nitrous osit lcl  
reaction is given. 

The poured-off solution is heated to 30' wI i i~1~~1) ;v  
the largest part of the ether, alcohol, sn(1 c. l i lo~*o-  
form evaporates. Then t h e  tempmitiurc i i  m i h i h d  10 
80" whereby these solvents arc coiiiplctcly i*ciiiovotl. 

The residue is treated in the saiiic ~IIILIIIICI '  ILS W:IS 

described for dvnamite. Should tlici*c> I x  still tli*i- 
nitro-cellulose in the residuc freed Lt*oi,i ~ 1 1 1 0 1 ~ i 1 1 , i ~ ~  

and nitrates, they can be a~certaiiiccl ni i'ollowi :I-- 
1. By obscrvation under a iiiicroscopc wit11 po1111~- 

izcd light. The trinitro - ccllulose S ~ I O W S  :L ) i 1 1 1 ( ,  
colonr, the non-nitrated cellulose a rctl-ycllow 1)l:ty 
of colour. 

2. By boiling the residue with hydrochloric ncitl : ~ i i ( l  
sulplmte of iron, whereby the nitro-ccllitlosc~ givcb5 :L 

nitrous oxide reaction. 
3 .  By boiling the rciidue with nlcoliolic c a i i \ t j i c  

potash solution and filtering. If the filttxLc is sligli Lly 
acidified by sulphuric acid, it inclicotch U1 
acid or nitrous acid. 

Qu.wmmIv1~ INVJWKGA~IT( IN. 

An average saiiiplc is ttilrcn ani1 tlivi(1cvl w i t l i  :L 
horn spatula into small picccs, am1 it i i  Icl't lo r  fives i o  
S I X  i l n p  iii an exsiccator OVCL' ~ i t l ~ i ~ t ~  cIilori(1o iio 
tletennine thc iiioisturo contcnts. 

The best me:ms ol' reiiioving tlic iii t i .o-~lycc~i~iii~~ ;tri(I 

the collodion cotton froin tho gelstino csplosivc is to 
treat with alcoliol. This is bcst accoiiiplisli(v1 i n  i t n  
Erlenmeyer flask in which 5 g. ol tho fincly tiivitlotl 
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geletinous explosive is placed, 200 cni." ether alcohol 
poured over it, constantly shaken, and left for some 
hours ; the solution is mixed with an excess of chloro- 
I'orm and the reiiiaining mixture is filtered through a 
tlry and weighed filter. By heating on a water-bath 
to  3Y,. the filtrate is freed from the ether alcohol. If 
~ : a ~ l p h o r  is contained therein, then the residue is 
61dien with carbon bisulphide. The ether extract 
c : ~ n  at  oncc be filtered and the nitro-cellulose pre- 
oipitutecl by chloroforiu I'rom the filtrate, but this is 
:t less mcurate inethod. 

I h c  rcsiduc remaining on the filter can still con- 
tnin nitro-cellulose as well as zuinic powder. I t  is 
t l i . i cd  a t  GO" in a. dry stream of air and then weighed. 
'1'1 icn thc process is continued as in the case of dyna- 
illite. I'sut of the residue can be boiled with a con- 
CCII trated solution C J ~  sodium sulphide whereby the 
ti-ini tl-o-cellulose is clissolvecl. The solution is filtered 
tlii*ough a, weighed filter, weshed carefully with water, 
tliictl, and weighed. From the loss in weight the 
trinitro-cellulose content can be determined. An- 
oth cr pit1.t ol: the residue is treated with hydrochloric 
acid, whc~cby  tlic carbonate and other bases go into 
solution i ~ i i i l  c ;~n  bc determined, whereas the dried 
: L I I ( ~  cvisshetl resitlnc then only contains organic and 
i t i i i i o i . i d  (inso1ul)Ic in hydrochlnric acid) absorbents. 
I1.y rcvl tic*ing to : ~ \ l i ,  tho orpnic  substances can be de- 
I c t - i t i i i i c v l  I ' ro i i i  tlic ilifkreace. 

1 

r i  

STAIKLITY AND HEAT TESTS. 
rl'l\c stal)ility and heat tests are carried out mostly 

Since the C O ~ -  iLc:cor(li,,g to the English iiicthods. 
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FIQ. 6.-(See page 123.) 
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C;irbon diosidc, 18. 
Cnrbonic :tcid$ (;!I. 
Cartridges, fuse, 104. 
- - for frozen dynmii le ,  1.04. 
- iiioulding of, 104. 
Cltstor seeds, 49. 
Caustic lye, 47. 
Cellulose d y n m i t e ,  lo]., 11.9. 
Charcoal, 113, 134. 
- filters, 62. 
Chemical ant~lysis of glycerine, 

308.30. 
ChiiiiL clay as subntitute for in- 

fufiorial eitrth, 111. 
Chlorhydrin, 211, 00. 
C hlorhydrins, the, 14. 
Chlorine, 15. 
Chromograph masses, 154. 
Clay dynamite, 111. 
Colour printing, prescriptions iii 

conneotioii with, 166. 
Coloured hectograph inkii, prescrip. 

tions for various, 158. 
Colouring matters used for pro- 

duction of hectograph inks,  
156-7. 

Condenser, construction of, for gly. 
cerine distillation, 54. 

Copying ink, Allfield's, 164. - - Birmiiighnni recipe for. 

_ -  glycerine, 162. 
-- logwood, recipe for. 164. 
- inks, 161. 
Cosmetics, use of glycerine in. 

Ciystitls, glycerine, Cj7. 

I)EXITRIFICATOR for extmctin; 
nitric acid, 87. 

Dibromhydrin, 17. 
Dichlorhydrin, 35. 
Diglycerine, prodnctiou of, $10. 
- nitro-mono-chlorhy~lrin, 90. 
Dualin, 101, 118. 
- cartridges, 118. 

l e k .  

173-4. 

Iii:din, i1in:~dvmtibgc os, 118 coin- 

.)yniLlnitc, $19. 
pt~rcd with dgimiiitc, 11 6 .  

- iLiiiiiion-~clatinc, coinposilioii 

- itnalyi;is of,  B I . ,  2 3 2 ,  233, 234, 

- ciLrlridges, ordinray, 104. 
- cellnlose, 101. 
- with chemically-itctivc nbsorb- 

-. - - non-nctiive aLsorbiny 

os, 12!). 

235, 236, 

ing iiinteri:tl, 100. 

iiinteri:~l, 1.00, 1.02. 
- factory, 105. 
- frozen, propcrticl; of, 1.119. 
- gelittine, 102, 111. 
--  composition 01, 13!1. 
- glycerine, ext~minrbtioii of, by 

acetin method, 319. 
--  test of, by iiitriLtion, 220. 
- guhr, compoHitioii of, 1%. 
- gun-cotton, 102. 
- i ~ i i i l  lithofri~ktenr, sxperiiiiants 

with, 115. 
- m:tnuf,ictore of, di~riger con- 

nected with, 105. 
- nntl nitio-glycerine, invest,ign- 

tioii of ,  231. 
- properties of, 106. 
- o€ Vonges (Friuice), 125. 
- Wetter, 98. 
Dgnttinites 3, 3 ,  :ml 4, 101.. 
__ 2, 3, nnil 4, coiupoxition of, 

119. 

E"wIcFi, ileconiposil,ioii of I:tk 

Epibromhgdrin, 1.7. 
Epichlorhydrin, lci.  
Ethyl nlcohol, 21. 
Evapori~tioii :~,pp:tretos use(? Cor 

concentration of blic lyw,  'I!). 
Expionive gehtine,  103, 1.11. 

by, 42. 

coinpo~itioii of, 1.22, 133, - -  
124. 



li:splosivo gelatine t ~ n d  gcltLtinc 
dyntmite,  testing of, 23li, 237, 
238, 2Y!J. 

_ _  prcynration of,  121. 

FAT . SPLITTING, enzyme method 

--  by steam, process of, 41. 
lht ,s ,  decomposition of, by en- 

zymes, 42. 
- - - by lime, 35. 
- _ -  by stean1, 1.0. 
- - - by sulphuiic ~ ~ i d ,  36. 
- snponific~~tioii of, by ineiLnfi of 

C I L  u s t i  c iLlknlics or 
quicldiine, 32. - - - by use of quicklime, 33. 

- - - with sulphuric acid, 37,  

- table showing decomposition 

of, 42. 

45. 

of, by 8tenni, 42. 

cerine, SO. 
- acids, production of, by m e  of 

canstie alltalies, 32. 
Filters, charcoal, 6 2 .  
Formic wid ,  18, 23, ($9, 22.1. 
F ulinim ting dynaini le, 124. 
Fuse cartridgcs, 104. - -  for frozen dynmiite, 104. 

GAS meters, glycerine t i i i  filling in, 

Ouhl inc  tlynninilc, 102, 3.11. 

lhtjiy Roids, sepixetioii from gly- 

202. 

121. a l l .  - - co.nposition or, 12!L 
.- -- tliscoverv of. 121.. - creiun, recipes [or, 176, 178,  

- copying ink, 1 liB. 

G c l i p i t  ” (gchtiiic dyn;~niitc), 
124. 

Glibnbcr’s stilts, use oE, in loxer- 
ing explofiion tenipcrtitnre of 
dynnniite, OS. 

Glue iind glycerine, prepsrations 
of, 145.’ 

Glyceric nciil, 24, b9. 
Glyceride, lend, 130. 
Glycerides, 22. 
Cllycerine, tiction of iodine coni- 

pounds on, 17. 
- addition of, to slcohols, 106. 
- - to wine, beer slid liqueurs, 

- ndulteration of beverages with, 

- applied to  the mnnnfncture of 
inks, 156. 

- - to microscopy, 13!). 
_.- t o  the weaving industry, 

304. 
- in beer, determination of, 230. 
- boiling point of, (is. 
- cement, 130. 
- - behaviour of, on trentiiient 

with chemicibl reagents, 
130, 131, 132, 133. 

- chemicid tiiialysis o f ,  1011-50. 
- - properties of, 6. 
- for clay modelling, 204. 
- colcl cream SORP, 193. 
- composition of, 7. 
- compounds, 7-10. 

l%j .  

l!JS, 202. 
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I 

Glycerine, derivation of word, 2. 
- discovery of, 1, 2. 
- - erystallixing property of, 

65. 
- distillalion of, 53. -- LLppartltus, construction of, 

57. 
- - condenser for, construction 

- - regulation of steitiii in, 64. 
- for dynamite . initking, es- 

- elUUlsiOilH, 176. 
- ether, 12, 13. 
- extensive uses of, 8, 4, 5. - for explosive nianufixture, 

217. 
--  the ertmction of perfumes, 

107. 
- for filling gas meters, 208. - filtretion of, 61, 62. 
- -  of, over bone charcoal, 64. 
- gelatine, 147, 148. 
- glue, 146, 147,148. - - masses for mnking hecto. 

gritph blocks, 150, 151 
152. 

- and glne, preparations of,  115. 
- glue for printing rol!ers, 1.18 

- jelly, recipes for, 1713, 178. 
- from lead sosp, 27. 
- tLs u lubricrant, S O H .  - nitmted, explosive qudities o l  

- nitrirtion of, 217. 
- -  of for producing powerfu 

explosives, I.. 
- obtninihle from ncetonc, 9. 
- oxicliLtion of, 6!).  
- plaster, 194. 
- prodnetion of, 1, 8 ,  9, 27, 75. 

- properties of, M. 
.- pure, 3.  - - production of,  51. 

of, 54. 

itinination of, 31(j. 

149, 150. 

7 9 .  

- -  of allyl alC(Jll0l frolll, 18, 

3lycerine, puriiicntioii of, by 
nieans of crystdliaii,tion, f X  

- S O ~ L ~ S ,  162, 183, 184, 185, 186. 
- -  liquid, production of, 1.!)1. 
- from soap lyes, recovery of, 46, 

- S O ~ L ~ B ,  superfatted liquid litno- 

- - h n s p s r e n t ,  produelion or,  

- solubility of vitrious substitiices 
in, 70. 

- solutions, tiible giving spccilic 
gravity of ieqneoui;, 67. 

- solvent properticl; ol, 70, 71, 
165, 194. 

- specific gravity of, titi. 
- i n  the  stearic iidd fitotory, pro- 

duction of, 2:). 
- test for sugar contciits in,  225, 

226. 
- tests for impurities in, 2'3% 
- toilet recipes, 17(i, 177, 17X, 

- tmetnient of, with hidoid itciils, 
13, 

- use of,  for  medicttl puvposcs, I ,  

- - _  in psper niitlting, 206. 
i n  porlnnic rnrtlting, 7 

- - -  lor p r e w w t i o n  oi' f u  

46.  

line, recipe for, 1!)5. 

187. 

179. 

- - - _  . nitric wid ,  73. 

194. 

-- -  

rind miinid sl;ilis, I:!-$. 
of wliola mi- 

iiials, 137. 
_ - _  in protccting inctitls 

which rust ciasily, YJ3. 
in soq)  mt~nuliicturc, I., 

70. 
in iteehnic~itl clicii~isl,ry, 

70. 

- - - _ -  

- - -  
_ - -  
- - -  
--- 

201;. 

1. 
i 11 1 o ilet - pwpttriit,i o n, - - -  
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_I I ip", iwip;! fur, ii;o. 
- ml, rccipc for, 159. _ _  _-  vinlct, rocipc for, 1%. 
ini t#,  1.50, 357. 

-- ~iii~sscii iiccording to Wortha, 

Glyccriuc used in  the nisnufacture 
of leather, 140. 

---- preparation of cos- 

- - -  production of copying 
i n h ,  161. 

----- of soap, 181. 

metics, 173. 

- vlbpOll1'R, 5 5 ,  5 6 ,  60. 
- wictxr, the nature of, 41. 
- with water, mixture8 of (tsbles 

rhowing fipecilic grnvities), 
a1 3. 

Iircbitz 1)rocess; the '  (prepmation 

linbin's m a t h e r  dynnmitc, ~ o m -  
of limo soap), 35. 

position of, 128. 

. 

- in  winc, deterniint~Cion of, 

(;lyccro-phosphoric acid, 13. 
- sulphuric acid, 10, 23. 
C+lyccroiic, 69. 
(ilycollic hcid, 69. 
( h h r  dynamite, !)7. 
-- colnposition of, 12s. 
Gun cotton, 72, 7 3 ,  78, 94. 
I- ilynrnni te, 102. 

227. 

C;ypsun1, 34, 37, 45. 

156. 
- -- fortnulm lor tniiking, 1.53, 

1m,  1.65. 
Ilclculcs l~owtlor (hruericta), 138. 
1 lydriodic) w i d ,  17. 
I~l,y~lrobromic d d ,  3.7. 
Ilythochlnric acid, 14,  23,  32, 63. 
I[gilrogcn, 69. - sulphu'cttcd, 38, 

INK, copying, Allfield's, 164. 
- - Birmingham, 164. - - Bottger's composition for a, 

1G3. 
- -  glycerine, 162. - thin blue, recipe for, 188. 
- violet, hectograph recipe for, 

158, 159. 
Inks, copying, 161. 
- glycerine applied to the manu- 

- hectograph, 156. 
- -  recipes for, 183, 159, 160, 

16 L .  

facture of, 156. 

LEAII glycerine, 130. - oxide, 28. 
- fioap, glycerine from, 27. 
Leather, use of glycerine in the  

mmnfscture  of, 140. 
I;ignose, 101, 117, 118. 
Lime, dccoinpositicn of fats by, 

35. 

Ioclide, d ly l ,  17, 18, 69. 

Iodine compounds on glycerine, 
action of, 17. 

Isoleic acid, 41. 

- phos1>horns, 69. 

JVDSON powder (America), 1% 

I ~ A R B O  dynamite, 125. 
Iiarbonit dynnmite, 125. 
Iiieselguhr, 99. 
- clynaniite No. 1, 99, 100. - -  rtpplicntions of, 110. 
- - discovery of, 102. 
- -  nisnufwture of, 103. 
- qutilities of, 100. 
Kncading machines for production 

of gelatine dynsniite, 123. 
Iiolonial aowder. 101, Ilfi. 

I-Iix:itaiAsw, glyccrinc distillatioi 
Ilqll~:Lrtbt,uFi, of, 58. 

I Iocbo~rnph bloaltri, nmking, fron 
g1yc:crinc-glue and gelatine 
150, 151,152. 

ink. blimli. rcciiie for, 160. 



- soap, 34. 
- s o t ~ ~ ,  powdered, 35. 
Lithofraktenr, 101, 111. 
- advantage of, over dynitiiiitc, 

llG. 

-- O f ,  011 ~!Jl~l’kllll~ll, !I:<. 
-- sion or,  it1111 1,111, rib- 

- -. 
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ftmtopollit dynamite, composition I Soaps, liquid tar, recipe for, 194. 

Perfumes f rom flomers. extraction 
of, 125. 1 - transparent glycerine, prodno- 

tion. of. 167. 
of, by nieihiis of glycerine, 167. 

Petroleum, hair ,  prepmation of, 
170. 

Phosphor~is  iodide, 69. 
Plio~phorus  pentoxide, 69. 
l’otiruli lye, 4G. - solti), 46. 
l’otnsfiitiin hydroxide, 69. 
Printing rollers, ylyceriue g!m for, 

Propionic ecid, 21, 23. 
Propylene, 17, 18. 

RriiisIr dynamite,  125. 

S.im, coiiiiuon, 46. 
Sidtpetre, 7rj. 
Siilts of limo, l j l .  
S ~ r r i ~ u  an11 Vioi!le;esperioleiits of. 

Strwtlust, prepared, 112. 
Sobt~,sl;in xnd Serranin explosives 

148, 1~19, 150. 

97. 

ll!). 

for. l!M. 
Soibp, glycerine colii creiltn, recipc 

- - used in the  manufaoturc 

- l e d ,  glycerine from, ‘3.7. - liine, M. 
- - propra t ion  of ( Ihb i t a ’ s  

- lyo glycerine, 61. - lyeir, vecovery of glycerine froiii 

of, 1Sl. 

procc!ss), 35. 

4li. - poliLsh, -ui. - - oloiiie, l !M.  
- prodncii,ion of, 4li. 
- sotlimn, 4li, -17. 
Soi\,p, glycorine, l S 2 ,  183, 184 

188, lM. 
- liquid rrntiacptic, recipe for 

-- t~torrw,  wcipc for, 1!15. 
19(i. 

I 

--  recipes io;, 191. 
30da crystals, 97. 
- lye, 47, 52, 63. 
3odium carbonate, 04. - n i l “ ,  124. - oxalate, 04. - sesqui-carbonate, 118,113. 

Spodium, 61. 
- powder, black, 64. 
3teani, decomposition of fats by, 

40. 
- regulation of, in distillation of 

glycerine, 54. 
3tearic acid, 22, 31, 37. --  f a  c t o r  y , production of 

s tear in ,  31. 
stonit dynninite, 125. 
3torax soaps, liquid, recipes for, 

3nlphide, allyl, 69, 
3ulphocyanide, allyl, G9. 
Sulphur, 112, 113. 
Sulphnric acid, 23 ,  31, 32, 3G, 37, 

35, 39, G9, 79. 
- - deconipxition of fats by, 

3 5 .  

- S O ~ ~ I ,  46, 47. 

glycerine in  the, 29. 

195. 

TALLOV, 33, 41. 
Tar soaps, liquid, recipe for, 191. 
Tetmciilorhydrin, 15. 
Tetra-nitro-glycerine, production 

Trenzl experiments, 120. 
Tribromhydrin, 17. 
Trichlorhydrin, 15. 
Triglyceride, nitric acid, 25. 
Triglycerides, ‘3.2. 
Trinitroglyceline, 2 5 .  
Tri-nitro-glycerine, m e  of, for ex- 

of, 89. 

plosive purposes, 73. 
d 
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Twitchell process, the, for pro. 

VALERIAXIC acid, 21, 23. 
Vigorit (America), 126. 
Vulcan powder (America), 126. 

WASTE products, 87. 

duction of fatty acids, 39. 
Water contents of glycerine, tables 

showing, 212. 
6 '  Weather " dynamites, 126. 
Wetter dynamite, 98. 

ZINC chloride, anhydrous, 38, 30. 
Zumic powder, 122. 
- - preparation of, 124. 
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