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PREFACE TO SECOND GERMAN EDITION.

GLychrIiNE belongs to those substances which are
made extensive use o in numerous branches of
chemical technology. It is not only the raw material
for the production of nitro-glycerine, but is also
cmployed in very considerable quantities, increasing
year by year, in many other industries, The soap-
maker and perfumer, the cheniist and druggist, the
dyer, and many others use this substance for their
purposes. That it therefore occupies a very im-
portant position needs no further explanation.

The necessity for a new edition o this book gives
the author the welcome opportunity to include an
account of all the new processes proposed for the
production, purification, and extended use of glycer-
ine. The book is therefore anew a compendium of
all worth knowing on that subject, wherein is also
fully described the employment and the production
of derivatives of glycerine, especially the preparation
of nitro-glycerine, the examination of nitro-glycerine-
containing explosives, the use of glycerine in the
manufacture of toilet soaps, in perfumery, etc.
Ttach section has been re-written to correspond to
the recent developments, and especially is described
the exawmination of glycerine, and its determination
in wine, beer, efe.

The author wishes and hopes that the second
edition of his work will meet with the same appro-
hation that the first enjoyed.

8. W. KOPPE.
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GLYCERINE.

INTRODUCTION,

GrycrriNg belongs to those substances which have
long been known—it was discovered by Scheele in
1779~—but it has only found extensive application
more recently, as it only then became possible to firo-
duce 15 on a large scale, it having previously been
regavded as a by-product of but little importance.

The close study of glycerine produced in the pure
statu, showsthat this body possesses properties which
render it particularly suitable for the production of
toilet preparations, as well as for many medical pur-
poses. The properties possessed by the substance
obtained by the nitration of glycerine are féchnically
of the greatest importance, since these sesve for the
prodnction of the most powerful explosives yet
known.

In addition to the last-named purpose, glycerine is
actually used in large quantities in the manufacture
of fine soaps and toilet preparations, and on account
of its action on the skin it is a toilet article of the
first rank.

By far the largest quantity is used for the pro-

1



2 GLYCERINE

duction of nitro-glycerine, and thence the pre-
paration 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 mentioned, in the year 1779, and the
credit for its discovery belongs tothe chemist Scheele,
since he carvvied out a close investigation on the
substance formed by the treatment of fats with
litharge.  Scheclc already recognized one of the
characteristic properties of this newly discovered
body, viz. its intensely sweet taste, and called it on
that account “ sweet oil --; it was also occasionally
spoken of as “* fat-sugar .

The name glycerine derived from the Greek word
yAukvs = sweet, was first employed by Chevreul
in the year 1814, and this chemist also studied in

was known, nor any application for the substance
itself.
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quantities as a by-product. It required, however,
still & relatively very long time before it was possible
to produce glycerine itself in a highly pure state and
at the same time in considerable quantity. The
credit for having first introduced very pure glycerine
into commerce probably belongs to the firm of Sarg
in Liesing, near Vienna, who at the end of the year
1850 first produced glycerine clear as water and
odourless ; in Kngland, Prices’ Patent Candle Co., of
Tiondon, appeared on the market with the new
product about the same time as Sarg in Vienna.

Of the artificial compounds obtained from gly-
cerine, nitro-glycerine is unquestionably that of most
technical importance. This compound was dis-
covered by Sobrero in the year 1847, but it did not
attain other than sclentific importance; it was
through the work of the Bwedish engineer Nobel,
in 1863, that nitro-glycerine first came into technical
notice as an explosive material of any importance,
and this new explosive has first made possible the
execution of the vast tunnels, and other works of
modern times, in a very short tine, e.g. Mont Cenis,
St. Gothard, Artberg, Simplon, efe.).

How cxtensive, moreover, is the applicability of
glycerine is shown by the following summary of the
purposes for which it is used. The most important
ol these applications we shall have to discuss inmore
detail later.

Glycerine is used : lor extraction of hops, as an
addition to wine (forbidden by law), in the manu-
facture of ligueurs, for the production of lemonade,
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punch essence, sweetmeats, in chocolate-making to
prevent the drying of the chocolate, in fruit preserv-
ing, for the preservation of white of egg, yolk of
egg, and flesh, in mustard-making, as an addition to
vinegar, chewing and snuff tobacco, in. cosinetics and
numerous toilet articles, as cold cream, pomade, skin
and hair remedics, in perfuine manufacture for extrac-
tion of the more delicate floral scents, which are de-
stroyed by distillation. It is used in finishing, in
spinning aiid weaving, for production of not dry
dressed muslin, intanning, dyeing, and calico-printing,
for production of parchment and coloured paper, in
the manufacture of artificial wool, for softening and
keeping moist driving belts, sole leather, modelling,
etc., in glue and gelatine making, in the production of
printing rollers and hectograph blocks, as also elastic
blocks, for filling gas wmeters, hydraulic presses, and
floating compasses, for lubricating clocks and ma-
chinery, for keeping guns clean, for production of
copying inks, inks for stamping, and copying-paper,
in the manufacture of paper-hangings and soaps,
iii the iron foundry for tlic manufacture of cast-iron,
in photography, for the manufacture of blacking,
luting, hot-water heating, etc. The largest quantity
is, however, employed for the production of nitro-
glycerine and dynamite, while it also serves lor the
manufacture of formic acid, allyl alcohol, and axrti-
ficial mustard oil.

Glycerine is used, moreover, for the preservation
of anatomical specimens and the lymph lor vaccina-
tion, for extraction of pepsin, for the preparation of
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liniments, salves, injections, for keeping moist pill
and tablet masses, for court-plaster, and gelatine
capsules, as solvent for medicinal substances, as
remedy for chapped skin, for earache, for skin-
diseases, ete.



CHAPTER I.
THE CHEMICAL PROPERTIES OF GLYCERINE,

Grycuriyg, so {ar as at present known, does not
occur m nature in the free state; but exists in very
many combinations, and can be produced by estab-
lished chemical processes. As was shown by
Chevreunl in the first quarter of the last century,
true fats, whether of the animal or of the vegetable
with glycerine. Since, then, in all animal aiid vege-
table organisms fat is found, we can describe gly-
cerine as o universally disseminated product in
animal and vegetable bodies.

We also know, moreover, various processes by
which certain definite quantities of glycerine are
produced, and the iiiost interesting of those is blie
fermentation of spirituous liquors. If one allows
wine-must or sweet - wort t0 ferment, there IS
formed, besides alecohol and carbon dioxide, a certain
quantity of glycerine as a fermentation-product.
By allowing one of the above-mentioned liquids, or
even pure sugar solution, to ferment, one obtains
besides alechol, glycerine and succinic acid, and

that in pretty considerable quantity ; for example,
12N
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from nwmerous researches, wine contains up to 2
per cent glycerine, while in beer 0-9 per cent may
be found. By the many processes which take place
during the production of rancidity in fats, glyccrine
is also formed, being liberated in the free state. If
one exposes palm oil, a fat vcry liable t0 becomne
rancid, for several months in thin layers t0 the air
and tlicn extracts with water, the presence of gly-
cerinc is readily detected.

As regards chewmical constitution, glycerine is an
aleohol, a trihydric aleohol, that is one in which
three atoms of hydrogen are veplaceable by a 1110110
basic acid vadicle. By sueh substitution, compounds
arc obtained wliicli are known ag ethers or esters.
Fats arc then ethers, esters, or glycerides.

The composition of glyccrinc may be expressed
by the formula C,H,O,; having regard to the fact
that in the three hydroxyl groups, wliicli are present
in glycerinc, all tlic hydrogens may be replaced by
an acid radicle, one has the rational formula for
glycerine C,H, (OH).

Ixpressing by R a monobasic acid radicle, the
following compounds witli glycerine are possible :—
OI1 OH J OR
G, Lo o, ] ORand ¢,11, | OR
| or | or | ok

Compounds of the above constitutions may be
produced artificially ; the glyecerine compounds or
glycerides oceurring in nature, ave compounds in
which all three substituted hydrogen atomns ave
replaced by an acid radicle.  Stearic acid has the
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coinposition C, H,,0,; the glyceride of stearic acid
occurring in fats is tristearin, of tlie formula
C,H, (0C, H,,0),.

Palmltlc aC|d C,H,0,, and oleic acid, C, H,,0,,
occur in fats likewise, as tripalmitin, and triolein re-
spectively, and accordingly niany fats are mixtures
made up of various proportions of tristearin, tripal-
mitin, and triolein, or simply stearin, palmitin, and
olein, while others consist of similar glycerides, as
linolin in linseed oil, etc. The fats obtained from
sheep, cattle, and hogs, as also coconut oil, palm
oil, nutmeg butter, etc., belong t0 the first-named
group, and have the following composition :—

(,H,(OC,H,,0), = stearin
G, I, (OCI,,H”O) = palmitin
C, H +(0C H,,0), = olein
If one treats one of the above-nientioned coin-
pounds, or a mixture thereof, i.e. a naturally occur-
ring fat, with a metallic hydrvoxide, tlie glyceride is
decomposed in such a way that tlie glyceryl, C,H,,
adds on three hydroxyl groups, 30H, and glycerme
is produced. This process, which is carvied out on
the large scale, is that which is generally expressed
by the name saponification.
C,H,(0CH,;0), + 3KHO = C,H,(OH), + 8KOC H,,0
tristenrin potassinm glycerine potassiom
hydroxide stearate
If one uses, instead of potassium hydroxide, the
hydroxide of a metal like caleium, lead, etc., which
forms with the fatty acids an insoluble compound,
the glycerine is obtained in solution in the pure
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condition, and this was the method hy which one
was accustomed formerly to prepare glycerine.

In addition to this method, which is one of the
treatiments by which one produces glycerine in
quantity, glycerine can also be produced by various
other methods, also in quantity, but we will retumn
to these methods when dealing with the commercial
production of glycerine.

One interesting preparation of glycerine, from the
theoretical point of view, is that by which acetone is
reduced with formation ol glycerine.

Glycerine can be obtained from m:ct(mc Iy mix-
ing the latfer with zine and acetic acid; the liberated
hydrogen causes the reduction of the acetone into iso-
propy!l aleohol according to the lollowing equation :—

CILO + M, = CJILOI)
acetone hydrogen fsopropyl aleoliol

By treatment with zine chloride water 18 removed
from the 1sopropyl aleohol, and it becomes propylene.

G (OH) - ILO = G,II,
isopropyl aleehiol wakier propylene,

By treatment of propylene with 1odine c¢hloride,
one obtaing propylene iodochloride CJ,CIL, and
from this, by the action ol chlorine in presence of
water, c‘hlm'pm})vlonc, C,H Cl,, 18 produced.  This
compound i treated once more with jodine chloride
in scaled tubes ab a temperature of 1407 L, when
it 1s converted into trichlothydrin, G FLCL. If this
1s heated with caustic potash, qlwvrmo @nd potas-
sium chloride are produced :——

CILCL  + BKOIL = GII(OH), & 3K

tricilorhydrin polassinm glyeerine potitgsinm
hy droside chloride



CHAPTER II.

COMPOUNDS AND DECOMPOSITION PRODUCTS OF
GLYCERINL,

Trr relationship of glycerine with the substances
known as * alcohols ~ is proved by the fact that
glycerine forms compounds which are similar in
coinposition to those of other alcohols. Ordinary
alcohol (ethyl. alcoliol) can be changed into ethyl
ditions glycerine gives glycerine ether (ester) ; ethyl
aleohol forms with acids certain definite corpounds ;
glycerine behaves in quite a similar way.

The compounds of glycerine are of practical inter-
est, in so far ag possibly the one or the other inay
appear as an intermediate product in the production
of glycerine on the large scale, e.g. the compound
wliicli glycerine forms with sulpliuric acid.

GLYCRRO-SULPHURIC ACID,

In the production of this compound, one mixes
two parts by measure of concentrated sulphuric acid
with one part of concentrated glycerine, with con-
tinuous stirring, whereby the mixture becomes in-
tensely hot ; afterwards the mixture is cooled to the

71 M\
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ordinary temperature, diluted strongly with water,
and milk of lime added until the liquid has no longex
an acid reaction. At the bottomr of the vessel is
thrown down a precipitate of gypsum, whilst the
supernatant Iiguid is a solution of caleium glycero-
sulphate ; by concentrating by evaporation, and cool-
ing this solution, one obtaing the salt in the forn of
crystals,

In order to obtain the glycero.sulphurie acid in
the free stabe, one adds the cold prepared solution
of the caleimn glycero-sulphate to exactly so mnuch
oxalic acid solution as 1s necessary for the neutral-
ization of the lime; there separates heavy insoluble
coleinm oxalate in the form of a granular pre-
cipitate, whilst the glycero-sulphurie acid romains in
solution.

The compound is so unstable, that it is decomposed
by merely warming the solution ; in order, thevefore,
to obtain it in the anhydrous condition, one must {ree
1t from water under the receiver of an air-pumyp, and
over sulphuric acid, and thus obtain finally the pure
glycero-sulphuric acid in the form of o colourless,
sour-tasting syrup, which compound, having regard
to the dibasic character of sulphuric acid, must be
written as CH (OI), (OB0,0H).  The formation of
glycero-sulphuric acid may be represented by the
following equation :—

C,IL(OH), + LS80, = G, (OH), (0S0,H) + 1,0
alycorine sulphuvie glycerine-sulphurie wator
acid acid
Glycero-sulphurie acid is fored as an mtermediate

product in the decomposition of fats by mcans of



12 GLYCERINE

acid in the so-called «acid saponification --; whilst
fromthe glyceride, e.g. tristearin, stearic acid is formed,
the glycerine in the moment of its liberation unites
with the sulphuric acid. But in the decomposition
of fats by acid, higher temperatures are employed, so
that the glycero-sulphuric acid-is iinmediately again
decomposed into glycerine and sulphuric acid, and
this latter is once more available for llie decomposi-
tion of fresh fat.

GLYCERINE JLTHER,

As is well known, ordinary alcohol forms, wlien
warmed with sulpliuric acid, a compound, ethyl-sul-
" phuric acid, which is a compound completely anal-
ogous to glycerine-sulphuric acid; by heating above
140° the ethyl-sulphuric acid decoinposes into ethyl
ether aiid sulpliuric acid.

By treating very concentrated (anhydrous) gly-
cerine at a high temperature, with concentrated
sulpliuric acid, not only is the first-farmed glycevine-
sulphuric acid decomposed into its constituents, but
water is also removed from the glycerine, aiid acro-
lein is produced, owing to the great dehydrating
action of sulphuric acid, wliicli is iiot exhausted even
by the hydroxyl group of glyceriiie : —

C,H,(OH), = G0 + 2H,0
wlycerine acrolein witer

.We shall have to return later to the properties of
acrolein itself, since it is one of the frequently appear-
ing decomposition products of glycerine, aiid is of
practical importance in the study of fats. '
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By treating glycerine with substances which act
less cnolgcthly than sulphuric acid at high tem-
peratures, only little acrolein ix formed, but chiefly
glycerine ether. TFor the production of glycerine
cther, one heats in a spacious distillation apparatus
o parts of concentrated glycerine with 8 parts of
powdered caleiun chlevide.  The mass froths on
waring strongly, and gives off between 1707 and
173" copious vapours ol glycerine ether (CH, O,
This can be agan reduced to glycerine by pmlunw‘ed
heating with water,

GLYCLHRO-PHOSPITORIC AU,

By treating concentrated glycerine with glacial
phosphoric acid glycero-phosphoric acid is produced ;
one neutralizes the liquid with barium carbonate, de-
u)mpo%s the solution of bariwm glycero-phosphate
with sulphuric acid, and concentrates the solution in
vacuo to a syrupy consistency. By heating, the
compound 1s decomposed.

Glycero-phosphoric acid, hitherto of no practical
importance, is a very interesting body to the physio-
logical chomist, becanse it Lorms an essential constit-
uent of the nerve substance of the alveolus, and of
cgg-yolk. ‘

By treating glycevine with haloid acids, or with
phosphorus iodide, nitric acid, etc., one can produce
from glycerine a great number of substituted com-
pounds ; up till now only one of these substitution
products, viz. the nitro-product, finds ewmploywent
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technically. We can therelore limit ourselves to
merely brief description of thcse bodies having only
theoretical importance.

Tuar CHLORMYDRINS.

By treating glycerine with hydrochloric acid, a
number of compounds are formed, which are inter-
esting examples of the substitution process, and
throw considerable light on the constitution ol
glycerine.

Hydrochloric acid acts on glycerine in various
ways according to the temperature and pressure.
When a current of hydrochloric acid gas is passcl
through glycerine so long as it is absorbed by the
liquid, in a closed tube and heetcd up to the boiling-
point of water, the product neutralized with potassinin
carbonate, ancl extracted with ether, a liquid is ob-
tained, whose boiling-point is 220° (., specific
gravity 1-4, and which has asweet taste. This liquid
isthe simple chlorhydrin, or monochlorhydyin, having
the constitution C,;H,(OH,)Cl.  The reaction iy
be represented by the following equation :—

CH,(0H), 1 HC = HO I CH,(0OH,)
glycerine hy(h;:(.filtllloric water monachlorhydrin

By heating glycerine with about fifteen times its
weight of hydrochloric acid in a closed tube up io
100° C. for ten to twelve hours, one obtains by sub-
sequent distillation an ethereal fragrant lquid, hav-
ing specific gravity 1 383, and b0111n<f-p<)mt 171 (.
This is dichlorhydrin, C H (OH)Cl,.
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3 (OITY, +  2HCL = 2H,0 + CIL(OM)CI,

B lagadi} E B b i} b1

glycerine lly‘lm(:.lll](n'i(- witer dichlorhydrin
RIS

Since there ave three hydroxyl groups in glycerine
which can be replaced by other radicles, it must form
a trichlorhydrin.  This, however, is not produced
by the divect action of hydrochlovic acid on glycer-
ine, but can only be obtained in an indircct way.
By treating dic hlmhydxm with p}mspmms penta-
chloride, trichlorhydrin is produced in the following
lnanner i—

C,H,(0IT)C, + PO, = HCL + POCL - CILCL

(luhlmhv(lmx plma))lunus hiyddro- ])]l(l\})]l(llllh\ trichilor-
lpunm chlorie oxyehloride hydrin
c¢hilovide acid

Trichlorhydrin has a specific gravity of 1417,
boils at 155" C., and may be regavded as <fly(,(,11nc
in which all threc hydroxyl groups are replaced by
chlorine. By long continued heating of trichlor-
hydrin with water at a high temperature in a scaled
tube, it is again broken up into hydrochloric acid and
glycerine, a proof that theradicle C,H, (glyceryl) has
remained intact. '

When trichlorhydrin is tveated with chlorine gas,
one of the hydrogen atoms of the C,IT, radicle is ye-
placed by chlorine, with the production of tetra-
chlorhydrin, C, I ,Cl .

The c,onstltutlon oi the moleculeis easily undor-
stood, if one assumes that the atoms in the glycerine
molecule are arranged in a similar way to that in
marsh gas; we then have two hydroxyl groups at-
tached directly to the carbon atom, and more casily
substituted by chloring than that which takes the
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place of hydrogen in one of the methyl groups.
The following formuls will make this relationship
clear :—

" 'CH,
H ) ‘CII OH
Marsh gas Ci 3y Glycerine = Cy oHg
‘I—I lOH
(CH ‘ CH,
) I
Monochlorhydrin C! 8H OE " Dichlor hydrin C. E{I OH
l(,} Cl
(CH, ‘ [OH
Trichlorhydrin C. 8H C’ Tetrachlorhydrin C glﬂGl
Cl [Cl

There is also another compound which may be re-
garded as an intermediate product in the above sub-
stitations, viz. epichlorhydrin. It is obtained when
dichlorhydrin is treated with aqueous potash solution.
This is a liquid boiling at 118" C., which by treat-

ment with hydrochloric acid is again changed into
dichlorhydrin.

C,H,(OH)Cl, + KOH = KCl + CH,0Cl
dichlovhiydrin potassinm - potassium epichlothydrin
hydroxide chloride

C,H,0C + HCl = C,H,(OH)Cl,

Epichlorhydrin Dichlorhydrin
By treatment of glycerine with hydrobromic acid,
or phosphorus bromide, bromine derivatives are oh-

taiped which ave sinlar in constifution to the
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Monohromhydrin = C,H,(OH),I3r
Dibromhydrin = CJI (OH)DBr,
Tribromhydvin = C,H, B,
Epibromhydrin = C li{ OB.L
By treating glycerine for twenty-four hours with an
equal weight of phosphorus bromide, and then distilling
up to incipient charring, one obtains besides acrolein,
a distillate separating into two layers, the upper one
being epibromhydrin, C,H,0By, the lower one dibrom-
hydrin, C,;H,(OH)Br, ; the residue remaining in the
retort, gives after neutralization and treatiment with
ether, besides dibramhydrin, also monobromhydrin,
C,H, (OH),Br.  When allyl bromide is mixed with
bromiue, tribromhydrin is produced :—
CHBr + Br, = CJLDr,.

ullyl lnumulu tribromhydrin

|

Acrion or TopiNi CoMPoUNDS ON GLYCHRINI.

If glycerine is treated with hydriodic acid, more
energetic action takes place than with hydrochlorie
acid or hydvobromie acid ; it immediately separates
all the hydroxyl groups from the glycerine, with the
formation of allyl iodide. The excess of hydriodic
acid reacts further on the allyl iodide, and forms pro-
pylene -—

3,TL(OID), + 3 HI = CJLI + 3LLO + I,

glycerine hydriodie allyl iodide
aeid
GILT 4 HI = CH, + I,
allyl fodido propylene

Allyl iodide is prepared in the following way:
In a tubulated retordt are warmned a solution of

Y
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8 parts iodine in carbon bisulphide and 1 part of
phosphorus, and after distilling off the carbon bi-
sulphide, anhydrous glycerine is added in sniall quan-
tities to the phosphorus iodide remaining. The two
hodies 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 may
be decolorized by shaking with caustic soda solu-
tion, rectified over calcium chloride, and is then
obtained as a colourless liquid, boiling at 102° (.,
which has tlie sp. gr. 1.789, and a strong garlic-like
odour. The propylene passing over as a by-product,
by strongcooling and pressure, condenses to a colour-
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
monohydric alcohol, allyl alcohol. This is then a
proof that the radicle C,H,, which is contained in
glycerine, is not quite identical with tlic radicle allyl.
It may be quite readily distinguished by its different
atomicity from the latter, to wliich, however, in many
points it stands very near.

I't is, moreover, possible to directly produce allyl
alcohol from glycerine in the following manner :
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 at a
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higher temperature, and according to Follens and
Henninger, the operation is best carried out in the
following manner: One mixes 4 parts glycerine with
1 part oxalic acid, and adds to the mixture § to 4}
part of ammonium chloride, when on heating ong
obtains a glyceride of formic acid (tnonoformin), By
prolonged heating at 260° C. the monoformin is split
up into allyl aleohol, carbon dioxide, and water :—
CIL(OH), + GHLO0, = GH(OH),0 . TL(0) + H,0
aly formic neid glycoro-formic aeid wiLter
G, H, (01,0 . 1100 = ¢, H, + €O, + MO0
alycero-fovinie aeid mv\ alcoliof (.':\J‘Ill()"i:‘l)i“ witbur
Allyl aleohol beging to distil already at 195" .
the distillation continues to 260" C., and mmultane-
ously there also passes over acrolein {rom the direct
decomposition ol the glycerine itself. . In order to
obtain the allyl alecohol in a pure state, one shakes
the raw distillate with a solution of potassiun car-
bonate, whereby water and allyl formate are ve-
moved : the liquid separated from the potassium
carbonate solution iy washed with solid alkali, where-
by the acrolein is vemoved. Alter rectification at
96" to 100" ¢, drying with caustic baryta, and re-
peated distillation, one obtains finally pure allyl al-
cohol as a colourless liquid, with a biting disagreeable
smell, Iow specific gravity (0-858), and a boiling-
point of 967 C.

ACROTTIN.

Among the decomposition products of glycerine
with which one has most frequently to do, acrolein
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takes the first place, because glycerine by rapid
heating very easily becomes converted into this body,
and even in combined glycerine (in fats) the same
decomposition takes place, if one heats the fat
quickly; the disagreeable smell which is cvolved
when one drops fat on a hot plate or allows it to
fall on glowing coal, is caused by the evolution of
acrolein itself.

By rapid distillation of glycerine acrolein is also
formed, and that in very large quantity at the end
of the operation. It imparts to odourless glycerine,
when it is present in even only minute quantity, a
disagreeable and penetrating smell.

For the production of acrolein in a large quantity
one treats anhydrous glyccrine witli strong dehydrat-
ing substances, and at high temperatures : e.g. one
heats 1 part glycerine with 2 parts of acid ]')otihs-
sium sulphate, whereby the decomposition of the
glycerine takes place according to the [(ollowitiy
equation : —

C,H,(0H), = C,H,0 | 21,0
glyée ine nuolem water

One obtains acrolein by rectification as a colour-
less liquid which boils at 52° C., the vapours of
which attack the eyes and nose witli very great
violence, and cause great inflaynination ; in water it
dissolves only slightly, but in alcohol on the other
hand very easily. Acrolein has the power to reduce
silver oxide, and is thereby changed into acrylic acid,
of which the formula is C,;,0,.

A very interesting decomposition of glycerine is
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that which takes place by the action of ferments on
dilute glycerine, and by which acids of the fatty
acid series are formed.

One adds glycerine to a liquid which is undergo-
ing alcoholic fermentation, when soon after the
addition of a certain quantity ol glycerine the fer-
mentation ceases, so that glycerine must be regavded
as o body inimmicable to aleoholic fermentation.
Those ferments of the lower ovder, which are known
as bacterin, are able, however, to decompos‘e (rlycm'-
ine, and thereby give rise to a whole series of acids
belonging to the fatty acid series.

One allows to stand a mixtare of L part glycerine,
12 parts water, § part challk, and 0-12 part freshly
comminuted mutton at a temperatore of 35-40" C,,
so takes place a very slow fermentation process,
which consists of 4 whole series of distinet fermen-
tations, some taking place side by side, others in
sequence; carbon dioxide and hydrogen gas are
evolved.

The whole fermentation lasts about eight months,
during which are formed, hesides ethyl alcohol, acetic,
propionie, butyric, valerianie, and caproic acids, as
well as o small quantity of higher fatby acids—
the greater part of the glycerine is hereby decom-
posed.

The fermentation processes, which in this case are
known to take place, are the aleoholic fermentation,
the acetic acid fermentation, and the butyric acid fer-
mentation.  With yeast rrlycounv ferments at 20 to
30", with the formation of propionic acid; with the
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butyric acid bacillus, up lo butyl alcohol and tri-
methyleneglycol,

GLYCERIDES,

The action of acids on glycerine has boen fairly
completely studied and has been already referred
to on p. 7. By Dbringing together glycerine and
acids, compounds are formed which are described
as ethereal compounds.  Tlic most iinportant fochni-
cally of these compounds ave the fats. As the
constitution of the fats became better known, it
was important t0 determine whether by direct coin-
bination of acids contained in fats with glycerine,
compounds could be obtained similar in their properties
to the fats.

The reaction attains completion ; when glycerine
is mixed together with stearic acid, palmitic acid, ox
oleic acid, there is formed according to the propor-
tions in which the acids arc employed, the mono-,
cli-, and triglycerides of the respective fatty acids.
The naturally occwrring fats ave triglycerides, and
the compounds produced artificially resemble co-
pletely the naturally occurring fats both as regards
thelr physical and their chemical properties.

By the combination of glycerine with tlic acids,
water is alwnys eliminated, and in the synthosis of
the glyceride tristearin, for cxample, the following
reaction takes place :—

C,H,(OH), + 3(C,H,0,) = C,H,(OH, (. 0) + 3 H,0

‘rl)cumo stearic ‘acid” xt(,rm(, glycerl'ée water

Besides the glycerides of oleic, palmitic, and
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stearie acids, which commonly occur in fats, one has
also the various glycerides of tlie other acids of the
Iatty acid series (formie, butyric, propionic, Taler-
ianie, ete.) ; &s far as these acids occur in nature in
the form of glycerides, the artificially produccd com-
pounds resemble in all respects the natural. Tri-
acetin, tributyrin, trilaurin, are such glycerides which
are rnet with in nature. One can prepare the
glycerides by various methods : either by heating
glycerine with the respective acid in sealed glass
tubes in an oil bath, or by mixing sulphuric acid
as well as the fatty acid with the glycerine or by
dissolving the acid in the glycerine by warming, and
then passing hydrochloric acid gas through the solu-
tion.

The action of sulphuric acid in the synthesis of
the glycerides of the other acids may be explained by
the formation in the first place of glycero-sulphuric
acid, which, however, in contact with the organic
acids IS converted into the glyceride of the acid, and
into free sulphuric acid. Tor example :—

L (OFD), + H,80, = GH,(OH),0.S0,H) + H,0

elycering suluhurie aceid glveerine sulphurie :L’wid water
(4,1 T,(0TT),(0 . 8O,H) +3(C,,H1,,0,) = C,H,(0C, H,,0), +
glycero-sulphurie acid  pahmitic neid tripalnitin
9H,0 + IH,80,
waber sulphurie
acid

T'he action of hydrochloric acid is that chlorhydrin
is fivst formed from the glycerine, which in con-
tact with the acid is converted into the respective
glyceride, water, and hydrochloric acid gas,
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C,H,(0H), + HCl = CH(OH).Cl + H,0O

"t*l)uexme hydr or_lllmu Lh orlvdrin watet

2 .
CEQER 01+ 800 =G0, ity 0l 2110 -
hydrochloric acid

Nitric acid exerts a somewhat different reaction
from other acids on glycerinc, and indced the ro-
action depends in a great degree on whether one
employs dilute nitric acid, or that of high concentra-
tion. Nitric acid of low strength forms from gly-
cerine a new acid, which is known as glyceric acid.
One can produce glyceric acid by introducing into

a vessel nitric acid of specific gravity 1.5, and
cautiously allowing to flow down the sides of the
vessel a mixture of equal volumes of water and
glycerine in such a way that tlic glycerine floats
above the nitric acid; after about a week the liguid
is placed in a desiccator over sulphuric acid, and is
left there until & syrupy liquid is produced. s is
neutralized with lead hydroxide, and the lead salt
decomposed by hydrogen sulphide, whereby after
again concentrating over sulpliuric acid, glyceric acid

is obtained as a faintly yellow liquid, easily soluble
in water and alcohol.

The formula of glyceric acid is C,H,0,, and one
can represent its formation from glycorine in the
following way :—

CH,(OH) CH,OH

|

CH(OH) = CH.OH
| I
CH,(OH) COOH

glycerine glycerie acid
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or C,H,(OH),COOH. One can also regard it as
dihydroxypropionic acid.

According to this equation only one of the two
outside groups - CH,OH, which are present in gly-
cerine, is changed by the substitution of an oxygen
atomn for the two hydrogen atoms with the formation
of the carboxyl - COOH ; theoretically there is yet
another glycerie acid, in which both the - CH,(OH)
groups are changed in the same way. The produc-
lion of this acid has not yet, however, been accom-
plished.

rhhe powerful oxidizing action which nitric acid
poussesses, necessitates that the change in the gly-
cerine docs not take place so simply as the above-
mentioned equation indicates ; there are many more
complex secondary reactions, and a part of the
glycerine is consequently converted into racemic
acid, glycollic acid, formic acid, and oxalic acid.

Very concentrated nitric acid acts on glycerine in
such a way that a glyceride results, viz. the nitric
acid triglyceride, or trinitroglycerine, of the formula
C,11,(0 . No,),.

The production of this substance will he described
in morve detail later.

As regards tho production of the mono- and dinitro-
glycerides, onec has to proceed in another way than
that of direct combination of glycerine with nitric
acid. They are obtained by making use of tlic
monochlorhydrin or dichlorhydrin with a mixture of
equal parts fuming nitric acid and sulphuric acid.
By diluting the liquid with much water an oily
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liquid separates, which possesses the composition
C,H,Cl(O . NO,), = dinitromonochlorglycerine o
C,H,CL(O . NO. ,) mononitrodichlorglycerine.

Among the numerous compounds produced from
glycerine by substitution processes, up till now only
one has attained technical importance, aiid this is
the nitroglyceride ester (erroneously known as nitro-
glycerine) which is distinguished by the property
that it is decomposed by a blow with a violence
which exceeds by far that of other explosive sub-
stances.  INn consequence of this property, the com-
pound referred to is employed in technical explosives
in ever increasing ways, and its manufacture forins a
special industry.



CHAPTER III
TIHE PRODUCTION OF GLYCERINE,

Ur to the time that one required to separate stearic
and palmitic acids from fats In o pure state for the
prposes of candle manufacture, glycerine was only
produced on the small scale for scientific research
and pharmaceutical purposes, notwithstanding that
in the spent lyes from soap manufacture one had the
raw material in large quantity ready for employinent.
The ordinary practice of the pharmacist for the pro-
duction of glycerine was to saponify oil with lead
oxide, separate the liberated glycerine from the
lead soap by washing with water, and then produce
glycerine in the pure state from the still very im-
pure solution by the method described below.

GLYCKRING 1ROM TunaD Soar.

One prepaves lead soap (the emplastium simplex,
or diachylon plaster of the pharmacist) by stiring
together ¢ parts by weight of olive oil, 15 parts by
weight of litharge, and a sufliciency of water until
a uniform mixture is obtained, which is then boiled
In an iron vessel with constant stirring and addition

I lrAY
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of boiling water, until on testing by cooling, it con-
geals to a viscous white inass, which has no longer
any greasy feel.

Olive oil consists for the most part of the gly-
ceride of oleic acid, while the glyceride of palmitic
acid and a small amount of tristearin ave also present ;
lead soaps are formed corresponding to each, tlic
lead oleate predominating. The resulting nass is
insoluble in watcr, softens on warming, but 1s hard
when cold.

For the separation of tlic glycerine mixed with
the lead soap, one pours hot watcr on the completely
boiled, but still fluid plaster, stirsthe mass thoroughly,
and leaves it at rest for a ftime in ordcr that the
soap may separate from the water, then pours this
off, and repeats the washing several times, until all
glycerine is separated from tlic mass; the glyccrinc
waters are niixed, and the purification proceeded
with,

As the excess of lead oxide dissolves in the gly-
cerine, this must be first reinoved, which is accomn-
plished by passing sulphuretted hydrogen through
the glycerine. The lead is converted into sulphide,
which is thrown down in tlic form of a black pre-
cipitate, and is removed f{rom the glycerine by filtra-
tion. The liquid after freeing from lead is evaporated,
and yields glycerine of a brown colour and unpleasant
odour; to render it water-white, one allows the
liquor to filter slowly through freshly burnt animal
charcoal until it emerges perfectly colonrless and

odourless, and evaporatgs it finally on a water-bath
N AR
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to a syrupy consistency. This cvé‘pm ation musts be o
donc, however, with great caution, as by contact with
air, glycerine, cspccm]ly il it has already reached a
high concentration, again becomes dark coloured.
The glycerine obtained by this treatment is quite
pure, and one obtaing also a good yield of glycerine
in relation to the quantity of oil used; at the present
time, however, scarcely any ‘f]ycctmc 1s prepared in
this way, as the cost of pmcluctlon 18 s0 heavy that
the glycerine so produced is much dearer than the
equally pure and highly concentrated product which
is yiclded by the stearie acid manufactory., More-
over, lead plaster is now increasingly ravely pre-
pared from olive oil, being mostly made by directly
saponilying with litharge oleic acid, which can be
cheaply obtained as a by-product in stearic acid
manufacture.

PropuerioNn o GLYCERINI IN PHE STEARIC ACID
Tacrony.

In works in which the so-called stearic acid, i.e.
a mixture of stearic and palnitic acids, is produced,
a very considerable quantity of glycerine results as a
by-product, and it i worked up as a very valuable
substancoe in all the larger works of this class, that
is to say, concentiated and rofined. The way in
which thig is carried out depends upon the process
which has been employed for the decomposition of
the fats, as will also the yield of glycerine obtained.

The decomposition of fats can be effected in many
ways, either by saponifieation with alkalics or alka-

1671
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line earths, as for example with quicklime, morc
rarely with caustic alkali, as in the older processes
for stearine production, or by saponification with
sufficient lime, which is a far less common method,
to form caleium soap, with the simultaneous employ-
inent of high pressure steam,

Other inethods for the separation of latty acids
from glycerine—incorrectly termed saponification
processes—are those in which the decomposition of
the fat is effected by means of acid, more especially
by sulphuric acid; finally there is the use of even
water itself in place of acids, the ¢ saponification™
being brought about with either superheated water
or superheated steam.

These methods are all certainly adapted {ox tlic
production of fatty acids for employment in the
manufacture of stearine candles ; they are not, how-
ever, equally suitable when, as at present in all
works of this kind, it is a question of the prodnction
not only of fatty acids, but also of glycerine, — thus,
for example, in the process of saponification with
much acid and at high temperatures, the glycerine
is entirely destroyed. It is for this reason that the
process of saponification has to be modified, in oxder
to ensure that so valuable a substance as glycerine
is not lost.

The present work has for its object tho descrip-
tion of glycerine and its applications. It lies, there-
fore, outside its scope to occupy ocurselves very
closely with tlie reactions which take place in the
various processes iiientioned above. We must con-
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tine ourselves then to imerely outlining these pro-
cesses in all brevity, and indeed only in so far as
they have reference to the production of glycerine
itsclf.
The reactions involved in the various methods for
carrying out thisprocess are theoretically as{ollows :—
(1 In tlic saponification with alkalies, e.g. Wwith

lime :(—
20,11, (0C,,11,,0), + 8Ca(OH), = 3Ca(0. C,\H,,0), +
stearin ealeinm (GG NN
hydroxide stearute
9C,H,(OH),
{JLVLLHHL

Since in fats in addition to stearin, pahnitin and
olein are also present, these glycerides are also de-
composed In the same way as stearin, as given
above; one obtains therefore a mixture of the lime
salts of stearic acid, palinitic acid, and olcic acid —
lime soaps insoluble in water—-and a solution of
glycerine.

0y In the saponification with acids, e.g. with
sulpliuric acid :—

G (00T, ) + 4TL,80, = 3C,,H,,0(0 . SO,H) +
I H{OH), (OSO H) + 1,0
g‘lvvum ﬂnlphum aeid
and arising out of these compounds by addition of
4H,0
30,1, 0(0T) + C,H,(OH), + 4H,S0,

patmitice acid nly(umm qul)\lmm \cnl
or, expressed in words, by the action of sulphuric
acid on a glyceride, for examyple, palmitin, it is fivst of
all decomposed in such a way that palmito-sulphuric
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then can be very easily and quickly saponified, so that
1t gives a very largely increased yield of fatty acids,
which reaches the maximum generaliy obtainable.

Among all the processes by which satisfactory sap-
onification takes place, that formerly possessing the
greatest iinportance is that in wliicli quicklime was
employed, as on tlic one hand quickline is cheaply ob-
tained, and on the other hand it also has tlzc advantage
that the lime soap is insoluble, and can thevefore
be easily separated [romn the lquid. It was carried
out in the following manner :—

The ~ ) r 0 was commmenced by mixing the fat—
tallow, or palm oil —with water in large wooden or
stone vessels, and the fat melted by passing in steam
and heated to 100° C. 'With constant boiling one
adds 15 per cent of tlic weight of fat employed of lime
to tlie vessel. The lime employed must be iron-free,
freshly burnt (free fromn carbonic acid) and broken
down with water t0 a uniforma lunp-free milk, be-
fore addition to the fat.

One assists tho saponification by the continuous
passage of steawn, and by the uninterrupted motion
of tlie stirring gear. The commencement of the
saponification shows itself by the thickening of the
mags, an appearance which usually manifests itself
three or lour hours after the beginning of tlic operation.
Later small particles of lime soap unite into small
lumps, which rise to tlic surface. After the expira-
tion of seven or eight howrs tlio saponification is com-
plete, and the vessel contains by this time a solid

mass Which, if the operation has heen rightly carried
Q
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out, consists only of lime soap together with. any ex-~
cess of liine used, and niust be entirely free from
little drops of undecomposed fat. The yellow or
brown-coloured liquid to be found niixed with the
lime soap (always depending on the quality of the
fats employed), is a dilute solution of crude glycerine
in water, which is contaminated by a large quantity
of foreign iiiatter.

A modification of this process is that in which a
much smaller quantity of lime suffices for saponifica-
tion, if one allows the lime to act on the fat under a
steam-pressure of about ten atmospheres. Under
these conditions it is sufficient t0 employ two to three
per cent lime to bring about complete saponifica-
tion, as acid line salts ave forined from the fatty
acids.

As regards the production of glycerine, this process
offers the advantage that one works with afar smaller
quantity of water than in the process above de-
seribed, and accordingly a more concentrated solu-
tion of glycerine results.

In both cases the lime soap produced is decomposed
by sulphuric or hydrochloric acid, whereby is formed
gypsum or calcium chloride, and the mixture of tho
three fatty acids, stearic, palmitie, and oleic, is freed
as far as possible from oleic acid by pressure in very
strong hydraulic presses, and employed, after refining,
for the manufacture of stearine candles, whilst the
liquid separated Prom the lime soap is utilized for
the extraction of glycerine. To tlie quality of the
raw and strongly diluted glycerine, which is different
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rding to the method employed for the extraction,
rence Will be made later.

Tan KresiTz PROCESS.

'he process for tlic decomposition of {ats by lime,
rding as wc have described it, possesses to-(ley
historic importance. 1t has still, however, a
sin interest, as therelrom one of tlic newaest
tments for the splitting of fats has been developed.
ita (D.R.IP. 605, 108) has proposed the pro-
don of lime soap in tlic first instance, and this
hen introduced into a boiling solution of car-
vbe of soda, or potash wliich decomposes it into
Jkali soap and carbonate of liine, Bottaro (D.1R.1.
069) again separates the free latty acids fromn
me soap by treatment with gaseous sulphurous
The correct preparation of tlic lme soap is
itial; it is carried out by Krehitz in the follow-
nanner :—
he neutral Tat, heated up to about 100° €.,1is
aately mixed with an equivalent mass of milk
me preparved from pure lime, whereby a thick
sion is first of all produced, which is left to stand
ly overnight protected from cooling. Therehy
rmed finally a solid, though easily powdered
soap, Which is ground up and washed wit h
r, in wliich it is insoluble, in oxder t0 remove tlsc
wine. The sufficiently washed soap powder is
, as already mentioned, treated with a solution
kaline carbonate, whereby the decomposition
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into alkali soap and insoluble calcium carbonate is
effected.

9. DEcomposITioN OF Fars By SunrHuRIC Acib.

As has already been shown with formula, by the
action of sulphuric acid on glycerides, compounds
are produced of the fattv acids and tlic glyccrine
with sulphuric acid, and tlicse arc then decomposed
by water into fatty acids, glycerine, and sulphuiie
acid. Although in all cases in which sulphuric acid
is employed, these reactions must fake place, the
process 1s capable of being carried out in very <lif-
ferent ways, and one distinguishes especially the sa-
ponification in the slow way, and the so-called rapid
saponification or fractional saponification.

The slow saponification of the fat is accomplishad
by the use of sulphuric acid at a low temperature ;
the more sulphuric acid one employs, and the lower
one keeps the temperature, the longer is the time
required for the decomposition of the fat t0 be carvied
to completion, and a proportionately larger mass of fat
1s lost owing to further decoiiiposition, both as re-
gards production of fatty acids and of glycerinc.

In the first instance, therefore, one employad as
inuch as 37 percent of sulphuricacid of the weight of
fat, and completed the process by gently heating to &(;-
92° C. for twenty-four to thirty-six hours. Subsce-
quently one proceeded with ever decreasing quantitics
of sulphuric acid, and raised the temperature to 100-
120" C. inorder to complete the reaction with the use
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ol only 5% per cent sulphuric acid in a period of
twelve to ewhtccn ]1ou1s That the chemical process
of saponification of fats with sulphuric acid, which
theoretically takes place in a very simple manner, in
practice is not by any means so simple, is proved by
the behaviour of the heated mass. It evolves violet
vapours, empyreumatic smelling oils, sulphurous acid,
and vapowrs of acrolein in such considerable quantity
that the decomposition vessel must be made absolutely
closed, and an exit provided for the vapours evolvad
during the heating.

The vapours of acrolein are produced by the de-
composition of glycerine ; not only this, but the fatty
acids are also attacked, and a black-coloured mass of
a piteh-like nature is formed, which can be separated
from the fatty acids only by distillation of the latter.
The total loss which occurs in this process i very
considerable, and ay amount to 20 per cent of the
fat employed ; only in very rarve cases is it less than

12 per cent,

After completing the saponification the mass is
treated with hoiling water to separate the fatty acids
feom the glycerine and sulphurie acid; the fatty
aclds are worked up [urther into pure stearic and
palmitic acid, while the sulphuric acid and glycerine-
containing hqmd can be 0,11.] 1er worked up directly
for glycerine, or can be turned to good account by
using it for the decomposition of lime soap.  One
obtains then besides froe fatty acids and gypsum a
lquid which contains acid-free crude glycerine.  1or
the method ol quick saponification or fractional
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saponification one takes a small ‘quantity of fat,
raises its temperature to 90-120" C. and mixes
thoroughly with sulphuric acid, leaves in contact
during a short time—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 an oily
layer on the surface of the liquid. Working in this
way it is sufficient to use 3} to 4 per cent of sul-
phuric acid, and the reaction, which for its comple-
tion by the older process required many hours, is
finished in a. few minutes ; one chief adventage of
this process lies, however, in the fact that there is
only a small loss by decomposition of fat and sul-
phuric acid; it evolves very little sulphurous acid,
and an acrolein odour is scarcely perceptible.

In place 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 fox-
mation of dark-coloured products which, when work-
ing with sulphuric acid alone are never quite
avoided. The treatment of the fats with this acid inix-
ture takes place at a temperature of 110-115° for a
few minutes. There is employed fo 1000 parts of
fat 4-6 parts of nitro-sulphuric acid, and by this
process also the glycerine is obtained in a completely
unchanged condition.

Anhydrous zine chloride effects decomposition in
the same manner as acids, and one can carry out
the decomposition rapidly by using 10-12 per cent
of the weight of fat, and a temperature of 150-
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200° C.; the zinc chloride which has absorbed
water can be again regenerated in the anhydrous
condition, and the same mass of zine chloride—of
course making up the part missing through inevi-
table loss—may be used over and over again. In
addition to the lower price of sulphuric acid, how-
ever, the regeneration of the anhydrous zine chloridé
15 accompanied by an expense which is higher than
the cost of the sulphuric acid, for which reason this
process has not found employment in practice.

T TwriTcHnLL PROCESS.

Although the sulphuric acid process is to-day cin-
ployed only comparatively rarely, jyet there results
from this the Twitchell process, which is utilized es-
pecially for the production of fatty acids for soap
manufacture. In this process there is used, instead
of sulphuric acid, a combination of sulpho-oleic acid
with naphthalene (ID.R.P. 114, 491). The fat to be .
decomposed is heated to about 507 in a vat provided
with an air-blast and steam coil, and mixed,«with
vigorous stivring, with 1.5 per cent sulphuric acigpat
60" 3. The addition of sulphurie acid, after the aq-
dition of which the agitator is kept going, has the
object of puritying the [at by the destruction of al-
buninous and nucilaginous matter, and preparing it
for the subscquent decomposition, but the acid em-
ployed should not be stronger than mentioned, be-
cause otherwise it attacks the fat itsell and colours
1t bhrown,
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The sulphuric acid, diluted by the condensed
steam, is then drawn off, aiid the fat transferred to
the splitting vat, where oiie mixes it with about
0.33 per cent of tlie previously mentioned combina-
tion of sulpho-oleic acid and naphthalene, adds 50
per cent water, and boils by introduction of steam.
The splitting vat is made of pitch-pine woo&—iron
or lead would retard the deconiposition. The con-
ducting pipe for the steam is made of brass.

When the mass has boiled slowly for twenty-foul:
hours, as a rule 85 per cent of the fat will be split.
At this stage, in oxder to exclude the fatty acids from
contact with air, whereby they become discoloured,
one allows steam tu blow on to the surface of the
liquid. Then the mass is left at rest for tlie glycer-
ine water to settle. This, tlio so-called ¢ first water,"
is drained off, and fresh water added. The whole is
then boiled further, with addition, if necessary, of a
little more sulphuric acid, until in all 92-95 per cent
of the fat is split, which requires as a rule a further
twenty-four hours. TFor neutralization of the free
sulphuric acid one utilizes barium carbonate, and
afthe the settling of the bariumn sulphate, the fatty
acids and glycerine water are drawn off.

3. DRCOMPOSITION 0¥ FATs BY STHAM.

When a fat is heated with steam under pressure to
220°, decomposition into {ree fatty acids and glycer-
ine takes place. In practice, where this autoclave
treatment is employed to a very considerable extent,
one takes care, however, to accelerate this reaction

R
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by the use of assisting or catalytic agents. As such
comes into consideration first lime and then magnesia.
The process of fat splitting by steam under
pressure 1s cawried out in special app:‘u'mtus the
autoclave, which sustains o pressure of 12-15 at-
mospheres, and therefore must be tested at a hlgher
pressure. The fat-splitting takes place'in the be-
ginning moderately guickly, so that perhaps after
expiration of an hour, alveady 33 per cent of the
tat will be decomposed. Then the reaction slackens
itgelf, however, and in order that the heating may
not be unduly prolonged, one has recourse {requently
to the expedient of not ciwrying the splitting quite
to completion in the autoclave, but to split the
rest of the neutral fat by treatment in the acidi-
ficator with concentrated sulphuric acid.  This
freatiment possesses especial  Importance for the
stearine manufacturer, since during the treatinent
with concentrated sulphuric acid, a simultaneous
transformation of the oleic acid takes place, isoleic
acid Dbeing produced.  This is solid, and conse-
quently the yield of (atty acid suitable for candle
manufacture is materially raised. Of course the
fatty acids ave dark coloured after the acidification,
due to decomposition products; they are therelore
washed with water, and subjected to distillation.
The process of fat-splitting is different in general,
according as it I8 carvied out for stearine or soap
manulacture.  In the fivst case tullow 18 wmostly
employed, then bone fat and pahn oil.  The “Tats
are first of all subjected to a rvefining process, in

i A AR Ao e S R e
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order to separate albuminous matter, ete., and are
then introduced into the autocluve where they are
treated, with addition ol magnesia (0-H to T por
cent), during six to cight hours, under a pressire of
12-15 atmospheres. A decomposition of up to 95
per cent is thereby obtained, alter which Tollows
the previously deseribed acidification.

The course of the decomposition is shown in the
following table by 13. Tiach, which indicates how
the process gradually becomes slower,

The mass containg :—

After 1 hour 355 per cent froo fulby acids,
» 2 hours 76-0 " " "
23 : 1 774 1 X} 2
I3 4« " H':I'.,? m 2] %)
’ 5 880 . " '
N B D08 " " "
M 7 bR 5)‘1:'() tal LRl LR
1 8 39 S)7'1 1 1 ’
w9, 979 ” . "
, 10, I . " "
o 12 493 . " .

4. DcoMPosreton o Tars oy [NZy M.

Besides the substances already mentioned — all-
lies, sulphwrie acid, and stemn under prossuee the
decomposition of fats into fatty acids and glycerine
can also be effected by means of other agents, oy
this purpose are particularly useful certain enzynies
which are found in the seeds of many plants, espeei-
ally in castor seeds, and during the last fow YLrs
the enzyme or fermentalion process of falsplitting
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has attained considerable importance. The process
is quite analogous to that with sulpliuric acid or
steam, and as with these two latter reagents, so the
enzyme docs not take any active part in the re-
action, but acts vather by its mere presence, so that
its mass and substance remain unchanged. Theo-
retically, therefore, only quite a small quantity should
be able Lo split an infinitely large mass of fat. In
practice, however, one always takes a considerably
laxger quantity, in order to produce a ccrtain re-
action velocity.

Originally merely crushed or ground castor seeds
were employed for tlzc lermnentation fat-splitting
process, but it has becn found that the use of an
estract is far more suitable for the purpose. A
peculiarity of all enzymes is that they are only
active within certain fixed limits of temperature.
Below the most favourable temperature the action
is always slower and more feeble, though by raising
the temperature to that iiiost suitable the activity is
restored, and consequently has not been destroyed
by the cold. When tlic best temperature is ex-
ceeded, a slackening of the action also occurs, while
at a certain temperature, most undoubtedly at 70°,
the enzyme completely loses its activity, and is de-
stroyed.

Tlic enzyiwe method of fat-splitting is carried out
by melting the fat in a pan with a conical bottom
and fitted with a steam coil, the temperature not
being raised too high, since the best temperature
lor the ferment action lies between 25 and 35°, while
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above 40" it is very considerably reduced. The
molten fat is kept at about 30°, iiiixed with about
half its weight of water, and a small quantity of
castor seed extract added, whereupon the whole is
thoroughly mixed. It forms a thick emulsion, mn
which the splitting of: the fat slowly takes place.
It is mostly ended after six or eight hours, when
some 80-86 per cent of the fat will be decow-
posed. The addition of manganese sulphate hastens
the decomposition.

At the end of the time during which the enzyme
is allowed to act on the fat, the mass is heated to
100" to kill the enzyme, after which the mass 1
allowed to rest. It settles into three layers, tlic top
one being the pure fatty acids, the middle one an
emulsion of fatty acids and ferment, this being con-
siderable when one uses merely crushad castor seeds
instead of the castor seed extract. The bottom
layer consists of the glycerine water. All three
layers are then further dealt with.

THE NATURE oF GLYCERINE WATER.

By employing one of the above-mentioned pro-
cesses for the decomposition of fats, one alwuays
obtains liquids in which, besides water, larger ov
smaller quantities of glycerine are present. In addi-
tion to these two bodies there are also found m the
liquid all those substances which were admixed with
the original fat employed, or were introduced during
the saponification or process of decowposition. Mhe
raw glycerine liquor therefore in most cases possesses

.
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an evil, often very disagreeable odour, and a yellow-
brown to dark-brown colour.

The liquid which is obtained by the decomposition
of lime soap with sulphuric acid, has always a con-
sidevable quantity of caleium sulphate (gypsum) in
golution, since the gypsum, which is only slightly
soluble in water, dissolves much wmore casily in a
liguid  containing glycerine than m water.  This
solubility of caleium sulphate renders it difficult to
produce a glycoerine quite free [rom lime from a
alycerine water produced by the decomposition of
lime soap.

Ii the saponification of the fat is carried out under
high pressure, so that one uses, as has already been
mentioned, a very small quantity of lime or magnesia,
it is then casier to produce from the lyes which are
yielded by the decomposition of the lime soap a
glycerine which will contain only a very small
quantity of lime.  Absolutely lime-free glycerine,
however, is scarcely obtainable in this way.

13y the saponification of lats with sulphuric acid—
if one does not work according to the quick saponi-
fication process—a very large pz‘m't of the glycerine
present s wmplgtdy lost, owing to ity ducompom-
tion ; the raw glycerine obtained is very dark brown
owing to the numerous decomposition-products which
are digsolved in it, occasionally quite black, and it iy
very difficult to produce fromraw glycerine which has
heen obtained by the slow saponification with sul-
phuric acid a product frecefrom colour and odour.
In any casc the cost of this 1s so high that one
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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 of glycerine,
/both in regard to quantity and quality, is obtained
,by saponification with steam under high pressure.
In addition, this process is extremely simple 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 glycerine works at
the present time work exclusively according to the
process of saponification with steam, and it is really
through the employment of this process that the
production of almost cheinically pure glycerine, in
any desired quantity, first became pdssible.

5. RECOVERY OB GLYCERINE FROM So0ap LivEs.

The saponification process takes place, so far as
the substances arising therefromy are concerned,
always in the same way : there is formed a combina-
tion of the fatty acids with abasic substance (potash,
soda, lime, etc.), while the glycerine is liberated in
the free state. Glycerine, therefore, is always pro-
duced as a by-product in the manufacture of soap.

The production of soap is carried out, as is well
known, in small soap works by boiling the fat with
potash lye until saponification is complete, and the
potash soap so formed, which because of its lack of
firmness isnot well suited for many purposes, is then
converted into sodium soap. This is effected by
adding common salt to the potash soap, whereby
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double decomposition takes place in soch a way that
sodium soup is formed, and poliassinn ehloride goes
into solution: the soaps are, with the exception of
that produced [rom coconud oil, insoluble in brine,
and arce therefore separaled oul by addition of an
weess of sally or, as the teshnieal expression has i,
salted or grained out,

In the larger soap works, one saponifies direet
with soda lye, and sometimes carries ont bhe graqne
ing oub not with common sall, but hy addition of
very concentrated canstic Tye, which likewise eanses
the separation ol the soap.  hie the stearie acid
factory, finnlly, one mnnufactures the olcie acid, ob-
tained by prossure of the fulty aeid mass, diveetly
into soap by botling it with caustic lye,

The waste Iye from (he manafacture of sowp, aes
cording o the old processes, contains potassiung
chloride or sodium chloride, and excess of {roe alkali
in addition Lo glycorine, and can be ctuployed vouder
favourable cirecnmstances for the production of the
lntter.  Formerly this production was aetually earricd
oub, bub in o rather unsatisfaciory way, the exeess
of free alkali in the lyes being exactly neubralized
with hydrochlorie acid, and the liquor allowed o
evaporate on the water-bath.,  There was formed in
this way & mass of salt, which always remained
gticky on aceount of the glyeerine admixed with it.

This sall mass was breatod with steong (90 per
cont) aleohol, which brings into solubion only very
little of the sali, bub very casily the whole quantity
of the glycering,  The solution separated from the
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salt mass was freed froni alcohol by warming up to
100° 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
fire until its boiling-point reaches 109° C., like the
boiling-point of a concentrated solution of common
salt. The neutralization is absolutely necessary,
and indced is so carried out that neither an excess
of alkali nor acid reniains in the liquid, as the pres-
ence of either causes the glycerine to be badly con-
taminated by the formation of decomposition pro-
ducts.

During the evaporation, salt continuously separ-
ates out from tlie liquid, and this is removed by
means of suitably formed rakes at the edge of the
pan, lifted up, and brought into a basket which
hangs over the pan, so that the liquid mixed with
the salt can drop back again into the pan.

The temperature of 109 C. is finally reached,
when one allows the liquid to run off into a distilla-
lion apparatus, in which it is furthcr concentrated,
until the thermometer, which is immersed in the
liquid, reaches exactly 193° C.: the heating by fire
is then stopped, and a stream of superheated steain
led through tlie liquid, the flaw of steam being so
regulated that the temperature does not fall below
193" C., and does not rise niuch above this point, as
in the first case no glycerine would distil over, and

—n
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in the other case tlic glycerine might be contamin-
ated with acrolein.

The lycs of the soapmaker contain 0.-02-1-8
per cent of glycerine.! One cools it thoroughly,
filters to remove suspended matter, evaporates it up
to a glycerine contcnt of 40 per cent, acidifies with
hydrochloric acid, filters, concentrates it in vacuo up
to 80 per cent, cools thoroughly, and filters. This
crude glycerine is distilled in vacuo. The portion
passing over between 170" and 180° is once-distillccl
glyccrinc of commnerce ; by repeated distillation it
furnishes pure glycerine.  Or one mixes the lye with
sulpliuric acid, lters, evaporates in vacuo up to 22°
B., then in another apparatus to 28° B., wliereupon
most of the common salt separates, and can again
be used for tlic salting out of soap. The glycerinc
is distilled in vacuo, then concentrated in vacuo up
to a specific gravity of 1-263, once more distilled
and conccntratcd, and finally decolorized with animal
charcoal.

Tlic evaporation apparatus which one uses for the
concentration of the lycs are so constructed that
under thew are cylindrical vessels with sieve bottoms.
These salt-boxes are during the evaporation coin-
bined with the upper part of the evaporator, so that
tlic salt separating during tlic evaporation falls into
tho box and collects on the sieve. When tlie box
is almost filled with salt, which can be ascertained
thurough spy-holes, one shuts tlzc connexion between it

Y Pranslat;’s note.— I1 15 frequently higher in this country, and
may roach g much as 7 per cont.,

4
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and the evaporator, and establishes only a connexion
between this and the part of the box to be found
under the sieve-bottom. The vacuum prevailing in
the evaporator is thus transmitted thither. If oiie
now allows air to pass into the upper part of the
box, then the atmospheric pressure forces the liquid
contained in the salt along, and finally into tlic
evaporation apparatus, whereupon one covers yet with
steam, in oxder t0 obtain all the glycerine out of tlic
salt.

The salt inass one brings finally into a centvifuge,
where it is extracted with water until it only contains
0.25 per cent glycerinc. With the help of this
apparatus, one is able to produce from lyes crude
glycerine of 80-84 per cent glycerol arid 9-10 pex
cent ash.




CHADPTER IV
THE PRODUCTION OF PURE GLYCERINE.

WaiN it was connnenced to produce glycerine on a
large scale, one had to contend with nnummerable
difficulties in order to obtain a product which was
not only colourless and brilliant, but also odourless.
The absence of odour was especially difficult to
obtain, and it was consequently attenmpted to per-
fume the really evil-umelling glycerine—it owes this
unpleasant smell to the admixture of asmall quantity
of acrolein.—Ior the expert, however, no deception
was possible, because the swmell of acrolein is so
characteristic that it stands out clearly above any
other smell which is intended to mask 1t.

It was carly tried to concentrate glycerine by
evaporation until it began to distil, and the distilla-
tion then carried on in closed vessels (stills).  But
though one proceeded cautiously in this way with
the distillation, it was yet, and especially towards
the end of the operation, almost hnpossible to avoid
the formation of a small quantity of acrolein,

Tt was fwrther sought to obtain the glycerine
water clear and at the sane time free from odorous
substances by means of fillration through bone-

/RN »
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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 quantities of these out of the bone-
charcoal.

It was not until the introduction of aqueous saponi-
fication that the perfecting of the production of pure
glycerine on a manufacturing scale was satisfactorily
accomplished so that there is in existence in coni-
merce true glycerine, which can bc regarded as
chemically pure and coiisists really only of glycerine
and water.

The employment 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 from
_it. 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 accomplished by treatment
of the same with very dilute snlphuric acid or soda
lye, with simultaneous heating. All membranous
parts, which are mixed with the tallow, are therchy
destroyed, and the decomposition products arising dis-
solve in the acid or alkaline liquid, on which finally
floats the pure elted fat, which is either moulded
into blocks, or immediately brought into the de-
composition vessel.

The decompositiéon of the fats is completely d-
fected in this decomposition apparatus, and with the
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employment of the smallest possible quantity of
water, so one obtains immediately a very pure crude
glycerine, which only needs to be refined and evap-
orated with suitable precautions in order to give
after distillation pure highly concentrated glycerine.

The removal of these foreign, contaminating sub-
stances is also necessary on this account, that it
would give rise to the most objectionable foaming
during the subsequent manufacture.  The contai-
ination consists, according to the origin of the
glycerine water, of soap, fatty acids, albuminous
matter, ebe.  One removes these substances by boil-
ing up, neutralising, and subsequent treatinent with
sulphuric acid, whereupon one filters.  The glycerine
so purified is then concentrated in the vacuum ap-
paratus. Quite pure glycerine should be obtained,
which is steam distilled in vacuo.

T DISTILLATION OF GLYCURINE.

If one concentrates and finally distils glycerine
over an open five, it is not possible to prevent a part
of the wall of the still becoming heated above the
boiling-point of the glycerine, and the glycerine
vapour coming into contact with it yields a small
quantity of acrolein. In oxder to avoid this defect
heating with an open fire has been quite given up,
and In its stead heating with superheated steam
introduced, the steam being passed direct into the
glycerine.

So long as excess of water is contained in the
glycerine, one can allow the steam to enter the
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liquid at a temperature of 300" C. and move: it
then only evaporates water. When, however, the
temperature in the distillation appavatus reaches
280° C. the glycerine itself begins to Doil, and now
the greatest attention must be given to the regula-
tion of the steam ; one adjusts it in such a way that,
the temperature remains constant botween 280 nnd
290° C. The glycerine distils then in the sbeuwn
without any decomposition, and passes ovor quaite uni-
formly. Instead of effecting the concentrution hy
directly introducing superheated steant, one also oo
casionally finds a steam coil inserted in the distillie
tion apparatus, through which one fizst allows o [
ordinary steam at 3-4 atmospheres pressure, shuf-
ting this off as soon as the temperature in the still
has become similar to that of the stean.  One then
allows, immediately after shutting off the ordinary
steam, superheated steam to pass until the temper-
ature of 280° C. is reached, when one also shuts off
this steam, and henceforth allows superheated stean
to pass directly into the contents of the still for ihe
real distillation of the glycerine.

The cooling of the vapours takes place in o con-
denser of unusual construction, the respective e
paratus being arranged in the following manner

The copper coils—six in number—li i a plane
parallel with each other at the botton of w tank,
which is fed continuously with cold water, and are
at the ends bound together witl, curved blocks, 1Y
each of these curved ends is fixed g tube  which
goes vertically downwards through the bottom of the

-
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cooling vessel, and underneath the same is bent in
the tolm of a U (siphon-shaped). Under each of
these tubes is placed o vessel for the reception of
the glycerine.

The glycerine vapours are so much the less vola-
tile, as they contain- less water, and consequently
the condensation takes place in the following way:
the glycerine most [ree from water condenses in the
first of the condenqin” tubes, and flows off through
the first U-tube: afterwards the vapours arve passed
through a sccond tubo, where condenses a glycerine
already rich in water, which runs off through the
second siphon tube, cbe., until finally only pure
water flows out from the last tube.

An apparatus of this kind, but of newer con-
struction, is shown in Tig 1. (according to Thbelohde).
The retort A, made of copper, wrought iron, or cast
iron, has at its base a draw-off cock B., through
which, after termination of the distillation, the resi-
due is withdrawn. Into the still passes, through
the tube I7, stcam {rom the steam suporheater D.
It enters through the steam distributor G into the
glycerine, which passes into the still from the re-
servoir M through the cock and tube J.  For the
control of the temperature in the still and of the
superheated steam the thermometers K and 1 are
used.

The vapours escaping from the still through the
neck Tu arve first of all usefull y employed to warm the
glycerine in H. Her cby is already condensed a part
of the vapour which is w1thdrz‘wvn at M. The
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vapours reach several cooling tubes, standing side
by side, and made of copper, from whose under ends
the condensed liquid can be drawn off through the
siphon-shaped bent tubes. Those vapours, which
have passed even through the last cooler uncon-
densed are still further cooled by means of cold
water. The distillate collected in the last of these
coolers consists then merely of water.

.
o A

FI1G. 1.

The temperature of the entering steam reaches
mostly 260°-290° the temperature in tho still
200°-220°. The glyccrine which is obtained from
the first receiver contains oiily about 10 per cent
water, corresponding to 28" B. In the following
receivers collects more and more dilute glycerine.
The distillation proceeds continuously, glyccrinc flow-
ing out of H into the mass as it evaporates. Finally,
however, there collects a large mass of non-volatile
residue in the still which is decomposed by heat,
and contaminates the distillate. Acrolein is formed,
and further, the glyceriiie becomes coloured ycllow.
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When this point is reached one shuts off the inflow
of glycerine and distils the contents of the still to
the end, and then collects the distillate separately.

Finally the distillate is concentrated in vacuum
apparatus, and if quite pure glycerine is to be pro-
duced once more distilled in vacuo.

As described here the distillation takes place under
the ordinary atmospheric pressure, a proceeding
which is attended with certain inconveniences.  One
employs therefore mostly distillation in chambers
under reduced pressure, whereby one can distil at
lower temperatures and obtain a purer product of
higher concentration.

As is well known the botling-point of a liquid de-
pends on the superinctunbent pressure, and becomes
so much the lower as one reduces the pressure.
This law of nature has long since been made use of
in the manufacture of substances which ave easily de-
composed at high temperatures: in sugar factories,
for example, the cvaporation of the sugar solutions
takes place exclusively in the so-called vacuum ap-
paratus, in which through exhaustion of the air, and
continuous condensation of the escaping water vapour,
very low prossure is obtained.

In order to obtain glycerine by distillation com-
pletely colovrless and free from any sinell, the distil-
lation apparatus has been constructed of a similar
type, so that the distillation of the glycerine takes
place under reduced prossure.

The head of the still is, for this purpose, fitted
perfectly airvbight on to the still, and also connected
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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 them.
The end of the cooling tubes is connected with a
double air-pump of suitable size and with the receiver
for the condensed liquid.

As soon as the distillation vessel is filled up to a
suitable height with the crude glycerine, one sets
the aix-pumyp in action, then allows steam to enter,
and accomplishes the distillation under the continu-
ous action of tlie air-pump in a shorter time, and
at a much lower temperature than that at which
glycerine boils under ordinary atmospheric pressure.

Whilst at the ordinary atmospheric pressure (760
mm. mercury) the glycerine boils constantly at 290° C.,
boiling takes place, at a pressure of 500 mm. mercury,
already at 210° C.; when one has a pressure of only
12.5 mm., then glycerine boils at 179-5°; and it is
therefore advisable to provide the distillation ap-
paratus with. a very strongly acting air-pump, so that
a very low pressure can be obtained. By adequate
influx of steam the boiling then takes place very
quickly, and the distillation is completed in a vcry
short time.

The apparatus of Heckmann (Iig. 2, after Ub-
belohde) illustrates the principle of this apparatus
(D.R.P.6547.) The glycerine to be distilled is placed
in a walled-in still A, into which superheated steam
ab 200°-300° C, is introduced. The glycerine vapouy
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passes over through the tube B into the cooling re-
ceiver C, which is of similar construction to the
tower of an alcohol-rectifying apparatus. It is pro-
vided with a heating arrangement D in order to main-
tain the temperature at about 80°, so that the water
present in the condensed glycerine 1s vaused to
evaporate. The vapours rise through a number of
stories E, which are arranged over C, and with
breaks at ', which allow of the passage through of
the vapours. Covers G and overflow tubes I ave
provided, through which must run the glycerine con-
taining liquid collecting in any single story, whilst
this rans downward through the overflow tube from
one story to the other. In this way the liguid
always comes again into contact with the hot vapour
streaming in, whereby it becomes the stronger in
glycerine the more it approaches C. TFinally the
hithertoe uncondensed vapours proceed thence mto
the condenser J, which is cooled with just sullicient
water, so that only little water but all the glycerine
is completely condensed, and proceeds back into the
story E. In order that the condensation of the gly-
cerine may be complete one employs further a con-
densing arrangement K, from which through I, the
condensed liquid passes likewise to . The vapours
now freed from glycerine are finally condensed coin-
pletely in M. The condensed liquid, consisting alniost
entirely of water, passes through the gauge N into
the collecting vessel O, to which a powerful air-punp
1s connected. The water removed by means of the
gauge should test at the most 1° Be. A higher con-
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centration would indicate that the condensation IS
not taking place properly, and too much glycerine is
passing over.

Varying from tlic above description is the ap-
paratus lor the distillation of crude glycerine con-
structed by Varn Ruymbecke and W. F. Jobbins
(D.R.P.86,829). Inorderto avoid any decomposition
of glyccrine which the wuse of superheated steam
brings about, and loss of heat through the expansion
of tlic steam introduced into the still, and also to
prevent tlio slackening of distillation throngh the
steam condensing in the boiler, the inventor allows
the steam to expand in a coil enclosed in a hot vessel,
whence it first enters the still.

In practice the Ruymbecke apparatus has proved
very good, since it presents many advantages over
the apparatus of tlic older systems. One such is
that it can e employed as well for the distillation of
saponification as of soap-lye glycerine.

Tun FILTRATION 01 GLYCERINE.

In addition to distilled glycerines, refined glycer-
ines which have only been bleached by bone-charcoal
are also used in commerce.  For this purpose they
are diluted to 50 per cent with water and passed
through a filter battery.

As bleaching material bone-charcoal or spodium
may be used, which not only extracts the colouring
but also any odorous substances; as, however, as
already indicated, glycerine possesses a strong sol-
vent action on salts of lime, 1t becomes colourless
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and bright after filtration, but it has dissolved salts
of lime from the bone-charcoal, and in order that
these may be removed it must be delimed.

Filtration of glycerine is a very lengthy operation,
and to ensure a regular course of work it is abso-
lutely necessary to have a sufficient number of char-
coal filters ready, and so to combine themr m
batteries that the amount of glycerine placed on tlio
first filter, after it has passed through one or several
batteries, should flow out of the last filter as a
perfectly clear and bright glycerine. With regard
to their disposition, the filters used for filtration of
glycerine are very similar to those used for the
purification of sugar solations in sugar factories.

Asthe absorption power ot bone-charcoal lor colonr-
ing and odorous substances is not unliinitcd, the
filters niust be renewed from time to tiinc. As a
rule, the filter batteries are placed together in such
manner that, for instance, six filters are connceted
with one another ; the first iilter through whicli tlic
glycerine flows will also be the first 10 becomne in-
effectual as it will have alveady extracted from the
glycerine large quantities of colouring and odorous
substances. This filter is then removed, and at tlic
end of tlzc battery a filter filled with fresh bone-
cliarcoal is placed, so that now the filter which was
No. 2 is No. 1 and No. & is No. 5. No. ¢ is tlic
newly added filter.

The porous bone-charcoal retains considerable
quantities of glycerine, and this glycerine can be
obtained by forcing it out with water which is lot
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flow into the filter. The glycerine is somewhait
diluted by thisprocess, and for subsequent distillation
it is mixed with other fresh material.

Bone-charcoal which can absorb no more sub-
stances from the glycerine is revivified in a similar
manner to that adopted in sugar factories. The
charcoal is washed and the washing water can again
be used for dilution of the glycerine, in oxder by this
process to obtain the small quantities of glycerine
contained therein. This washed bone-charcoal is
treated with hydrochloric acid and soda lye, dried
and heated to redness in closed vessels, whereby the
organic matter absorbed by the charcoal is destroyed;
and it can then again be utilized for the decolorizing
of more glycerine.

If ordinary bone-charcoal is used f{or the filtration
of glycerine, salts of lime are dissolved from the
charcoal, which I some cases in which glycerine
ig used, ave of mo importance; glycerine which is
used for certain, notably medicinal purposes should,
on evaporation, leave no residue and, therelove, 1t
should be delimed and again distilled.

In order to avoid the formation of any colour-
ing matter, this distillation should be procecded with
in the most carcful manner with regard to tenpera-
ture, and 290" C., the actual boiling-point of glycer-
ine, should not be reached, but the addition of steam
should be so controlled that distillation should take
place at 287°-289° C., and particularly in the case
of this latter distillation the application of reduced
pressure is of the greatest advantage, inasmuch ay
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the risk of the formation of colouring substances
is decreased the lower the temperature at which dis-
tillation takes place.

The filtration of glycerine over bone-charcoal is
a very lengthy and tedious operation, therefore de-
coloration is also carried out by heating the raw
glycerine to 100"by steaming it in a boiler fitted
with a stirring device, adding a bleaching agent, sucli
as black spodium powder, etc., and then’ carefully
stirring it.  Generally 3-15 pe! cent bleaching
material suffices, and within one to & couple of hours
sufficiently thorough bleaching is obtained. This
lias the further advantage that the glycerine then
only absorbs very small quantities of lime from the
charcoal, so that subsequent deliming can be dis-
pensed with. In the case of glycerine bleached
in the batteries already mentioned, however, delim-
ing is absolutely necessary. The bleached glycerine
is finally placed in a vacuum apparatus and brought
to the requisite concentration.

Deliming of glycerine can be carried out in sucli a
manner that the dissolved lime is converted into an
insoluble coinpound which can be reinoved by filtra-
tion. To this end sodium carbonate, sodiuin oxalate,
or acid sodium phosphate is added to the heated
glycerine, which causes the formation of insoluble
calciuin carbonate, oxalate, or phosphate.
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PURIFICATION oF GLYCHRINE BY MBANS 01 CRYs-
TALLIZATION,

Glycerine possesses the quality of crystallizing at
a low temperature, and by this process a product of
considerable purity can be obtained (rom fairly im-
pure glycerine. The discovery ol this cerystallizing
property of glycerine was a mere chance; in the
winter of 1867 the lwge stearin and glycerine
factory of Sarg & Co., at Iicsing near Vienna,
shipped a number of casks containing glycerine to
England, and one of the casks arrived with the con-
tents so cowpletely crystallized that it had to be
chiselled out of the cask. In I870 Kraut in Han-
over Invented a process by means ol which glycerine
of every quality and in large quantities can be
crystallized; this process is still sometimes used.

Crystallization takes place in leaden vessels, the
mother liquor is poured olf after crystallization, and
the crystals are freed [romn any ol the mother liquor
by being swirled round in a very rapidly rotating
centrifugal machine. On mclting these crystals at
+ 18 to +20° C., very pure and colourless glycerine is
at onee pbtained, = ’



CHAPTER V.
THE PROPERTIES OF GLYCERINE.

Tuz glycerine used in commerce, apart from its water
content, which according to the variety generally
fluctuates between 2 and 12 per cent, 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 smell
whatever and of an intensive burning sweet tastc ;
m the mouth as well as on the skin of the hotly it
causes a strong sensation of warmth, because it ab-
sorbs water very powerfully. Exposed to the air,
all concentrated' glycerine absorbs a great deal of
water therefrom, and further absorption only ceases
when the water content of glycerine has risen t0
about 50 per cent. The specific gravity of glycerine
is 1-264 and decreases when water is added. The
table given below shows the relation between the
water content of the glycerine and the specific
gravity of the product in question, and, thercforc,

(B
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when using these tables a simple determination of the
specific gravity by means of an ordinary hydrometer
is sufficientin order to obtain at oncc the percentage
of glycerine.

On cooling below the freezing-point of water, the
glycerine congeals to a crystallinc mass and forms
monoclinic crystals the size of a pea, of diamond
lilke brilliance, particularly if crystallisation 1s stimu-
lated by introduction of a crystal. The crystals
melt at + 17“ and glycerine which has crystal-
lised and tlicn been melted again, is said to remain
liquid for half an hour even after cooling to-20° C.

The freezing-point of glycerine diluted with water
depends on the water content. The following table
gives the specific gravity of aqueocus glycerine solu-
tions determined at 15’ and the freczing-points :—

Specitic Gravity (ilycorine, Frut zing-Point.
at 15 C.
1024 10 - 1°
1.051 20 - 25
1075 30 ~ 6"
1-106 40 - 175
1-127 50 ~ 217847
1159 60
1179 70 helow — 35°
1204 80
1-9232 90
1-241 94

It quite colourlcss glycerine is heated in open
vessels, then aftter a time it becomes yellow and can
be heated to 120° C. without changing any further; at
this temperature 1t begins to give off fumes which
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smell like boiling glue; at a temperature of 290° it
boils; if the experiment is carried out n glass
vessels, these should be placed on a sand-bath, as
the glycerine boils so powerfully that an unprotected
vessel would easily break.

Glycerine evaporates noticeably at 100, particularly
with water-vapour. In a sufficiently fine state of
division it vaporizes even at the ordinary tempera-
ture. In spite of this it is to be considered as a non-
volatile liquid which also does not change in the air,
Important is the property of glycerine that wunder
reduced pressure it can be distilled with steam at
temperatures of 180°-200° without decomposition,

It glycerine be heated to 150% it casily talces
fire and burns with a steady blue flame to carbonic
acid and water without developing any smell; a wick
is not necessary for this purpose.

Glycerine is very hygroscopic, that is, it absorbs
water from the air, and if fully concentrated gly-
cerine be used it absorbs its own weight.  'With
water, alecohol, and ether-aleohol, with concentratod
sulphuric acid, and caustic lye it can be mixed in all
proportions, but not with ether, chloroform, henzing,
and fatty oils. It dissolves alkalics and alkaline
earths, lead, copper, and iron oxide, as well as many
salts and alkaloids.

Glycerine prevents the precipitation of the houvy
metals by alkalies. Whereas, for instance, caustic
lye at once precipitates voluminons copper hydroxide
from a solution of chloride of copper, this does not
take place on boiling if glycerine be added. Fused
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With potassiuun hydroxide, glycerine gives acetic acid,
formic acid, and hydrogen ; heated with phosphorus
pentoxide or with sulphuric acid it gives acrolein.
If a mixture of <rlycumo and oxalic acid be distilled,
the glycerine remains unchanged, but the oxalic acid
is splitup into formic acid and carbonic acid. If
the mixture is heated to over 100°, allyl aleohol is
produced.

By means of diluted nitrie acid glycerine is oxi-
dized to glyceric acid and glycollic acid ; if the oxidiza-
tion process is gentle, glycerose is formed, consisting
principally of glyceric aldehyde, and dioxyaceton.
Concentrated nitric acid oxidizes it to oxalic acid and
carbonic acid.  IPhosphorus iodide forms allyl iodide
from which essential oil of mustard (allyl sulpho-
cyanide) and garlic oil (allyl sulphide) can be ob-
tained.

If water-free glycevine is placed on the skin it
causes 8 burning sensation owing to the extraction of
water., Administered internally 10-15 gramines suit-
ably diluted has no effect, Jarger quantities have a
purgative action. In the organism the glycerine is
partly commbusted and partly separated again without
any modification.  Introduced into the blood, large
quantities have a poisonous effect on the central
nervous system, the intestines, and the kidneys.

1f glycerine is boiled in open vessels it gets darker,
and in addition to glyeerine vapours it evolves pro-
ducts of decomposition which have a very unpleasant
simell, and in which are present, besides acrolein, acetic
acid and other acids of the fatty acid series. Finally,
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there remains a mass which becomes darker and
darker and is reduced to ashes by strongly heating.
Glycerine can be distilled without alteration only in
a vacuum chamber and by means of a streamn of
super-heated steam.

Glycerine is characterized by its property of dis-
solving a large number of substanccs which other-
wise would only be dissolved with difficulty, and lor
this reason it is used in many branches of technical
chemistry; it is largely used in the manufacture of
perfumes and soaps, further in dyeing works and
also in medicine as a solvent. We give below some
indications as to the solubility ol different substances
in glycexine : 100 parts of glycerine dissolve 98 parts
ol crystallized sodium carbonate, GO parts ol crystal-
lized boras, 50 parts of chloride of zine, 40 parts of
alum, 40 parts of potassium iodide (according to
Farlay, however, only 1 part of potassium iodide
can be dissolved in 8 parts of glyccrine), 33
parts of potassium cyanide, 30 parts of ferrous sul-
phate, 30 parts of copper sulphate, 20 parts of sugar
ol lead, 20 parts of ammonium carbonate, 20 parts
oft sal amnoniac, 10 parts of barium chloride, 8 parts
of sodium sesquicarbonate, 75 parts of chloride of
mercury, 3+5 parts of potassium chlorate. Iurther,
2000 parts of glycerine dissolve 1 part of sulphur,
and glyccrinc is also an cxccllent solvent for salicylic
acid, lor aniline dyes, otc. Turther 1 part of iodine
can be dissolved in 100 parts of glycerine, mercury
iodide in 340 parts, quinine sulphate in 48 parts,
tannin in 6 parts, veratrine in 96 parts, atropine
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in 50 parts, morphine hydrochloride in 19 parts,
tartar emetic in 50 parts, and potassium sulphide in
10 parts of glycerine.

Glycerine itself is miscible in all proportions with
water and alcohol 'or with a mixture of alcohol and
ether, but insoluble in pure ether, benzol, carbon
bisulphide, and chloroform.



CHAPTER VI.
NITRO-GLYCERINIE,
ProrERTIES OF NITRO-GLYCTRINE.

As early as 1847 the combination known under
this designation was produced by treating glycerine
with nitric acid, and its explosive qualities were also
recognized. This combination was also called pyro-
glycerine as a rveminder ol it; analogy with pyr-
oxylin or gun cotton which also possesses the property
of exploding violently.

The esplosive qualities of nitrated glycerine, how-
ever, remained totally ignored until 1863, when the
Swede, Nobel, applied it to the science of blasting.
The so-called Nobel explosive oil is nothing but
nitro-glycerine, and t0 Nobel, though he did not dis-
cover it, must be attributed the merit of having pro-
duced it on a large scale and applied itas an explosive.

The actual application of this oil as an explosive
dates, however, only from that period (1867) when it
was possible to produce it in sucli a form that the
handling of thissubstance was no longer accompanied
with such great risk as in the case of tlic explosive

oil pure and simple.
™\

il
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The chemical constitution of nitro-glycerine has
already been set forth; it is not a nitro-compound in
the sense, for instance, that gun cotton and tri-nitro-
phenol are, n which actually hydrogen is replaced
by the radicle nitryl (NO,), but nityo-glycerine is in
reality an ester of nitric acid ; in the same manner
as in glycerine C,H,(OH), the three hydrogen atomnis
of the hydroxyl groups (OH) can bc veplaced by
acid radicles, so it is possible to replace them by
nitric acid,and accordingly there is also b mono-, di-,
and tri-nitro-glycerine, that is compounds in which
one, two, or three atomns of hydrogen have been re-
placed in the three hydroxyl (OH) p-oups by nitryl
(NO,).

By treating glycerine with nitric acid all the three
possible nitro-glycerines are obtained, the [ormule
of which are as follows :—

C,H,(OH),(0 . NO,) = mono-nitro-gly cerine
G, Il,,(OTI)(O NO,), = di-nitro-glycerine
C,H,;0.ND,),, = = tri-nitro-glycarine.

For explosive purposes, tri-nitro-glycerine is the
most important, and care must be talien t0 manu-
facture this product only. Tl nitric acid in a con-
cantrated [orm is allowed to act on water-free
glycerine, then at the commencement only tri-
nitro-glycerine is formed, but on continuation of the
reaction di- and mono-nitro-glycerines are [ormed
as the nitriec acid is diluted by the water which
separates.



74 GLYCERINE

C,H,(0H), + 3HNO, =

glycerine nitric acid
= C,H,(ONO,), + 3H,0
tri-nitro-glycerine  water,

Therefore, in order to prevent as far as possible
in the action of nitric acid on glycerine the forma-
tion of mono- and di-nitro-glycerine, care must be
taken to remove the freshly formed water as soon as
possible, and this can be done by mixing the nitric
acid with concentrated sulpliuric acid. The resulting
water is at once bound by the sulphuric acid, and
during the whole process the nitric acid keeps tlic
necessary high concentration.

Propuctiorn orF NITRO-GLYCHRING ACCORDING TO
SOBRRERO,

The oldest known process for the prodnction of
nitro-glycerine os indicated by the inventor of this
compound is as follows: 2 parts of sulphuric acid
of 1.831 specific gravity are mixed witli 1 part of
nitric acid of 1-525 specific gravity, and the mixture
is left or placed in cold water until it has cooled lo
the ordinary temperature. Into the mixture a thin
stream of half a part of highly concentrated glycer-
ine is poured, and the liquids are mixed by sturing.
Hairly strong heating results, and on treating large
quantities of the material it is absolutely necessary
to cool the vessel, which is most simply accomplished
by placing in cold water.

The action of the highly concentrated nitric acid
on the glyccrinc takes place in a very short time, and
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the liquid becomes turbid on the separation of the
nitro-glycerine, which floats about in fine drops.

As soon as an oily substance begins to detach it-
self froin the acid mixture, the contents of the vessel
arc poured into a large amount of watcr which
should amount to at least fifteen times that of the
liguid contained in the nitrating vessels, and then the
nitro-glycerinc which is specifically heavier than
water settles at the bottomy of the vessel. The acid
liquid is drawn off, the nitro-glyccrine repeatedly
washed with water, and finally dried aver sulpliuric
acid under an air-pump.

According to Sobrero’s process, a Very pure pre-
paration can be obtained, the explosive action of
which is all that can be desired ; but the process in
the form described is more suitable for laboratory
experiment than for the prodnction of nitro-gl ycerine
on a large scale. In this casc it is far more necessary
to take certain precautionary measures in order to
render the production of a substance such as nitro-
glycerine, wliicli has such terrible effects on explod-
ing, as little fraught with danger as possible.

Propuerton o1 NITRO-GLYCBRINE ACCORDING 70
NoOBLILL.

Nobel, who as alveady stated may be looked upon
almost as the second discoverer of nitro-glyccrinc, but
who, however, was the first t0 make practical use of
this substance in connexion with explosives, suc-
ceeded in inventing a process by means of which
large quantities of nitro-glycerine can be obtained
Nobel’s process at first was as follows :—
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The nitration mixture was compo%d of dry salt-
petre and sulphuric acid, and in such a moeasure that
1 part of finely powdered saltpetre was mixed with

8.5 parts of sulphuric acid, and the muxture cooled
to 0° C., when by far the largest portion of the potas-
sium hydrogen sulphate KHSO, crystallized out, and
a liquid was obtained which consisted of highly con-
centrated nitric acid mixed with sulphwric acid,
When this acid potassium sulphate had crystallized,
the liquid was run off from the crystalline mass, and
the glycerine poured into it; the formation of the
nitro-compound quickly took place,
entire liquid was poured into water, when the nitro-
glycerine was washed free from the acids attached o
it and dried. At the time when the manufucture
of nitro-glycerine was introduced, the daily press
often reported on explosions which had taken place
in the nitro-glycerine works, and the unesaggerated
descriptions of havoc wrought by these cxplosions
of large quantities of nitro-glycerine wore ghastly
enough to make the production of nitro-glycerine
appear to be one of the most dangerous operations
known. The reason of the frequent accidents catsed
by explosions in the nitro-glycerine works b first is
not attributable to the oasy disintegration ol the
nitro-glycerine itself, for this is rather o substance
which only explodes by means of the application of
certain special treatment, and which of itsclf could
never explode spontaneously, that is by sudden dis-
Integration without any perceptible external cuisc.
It was the wuse of unsuitable moethods for Lhe

and then the
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production of nitro-glycerine, and even more the con-
stitution of the raw glycerine itself, which caused
the many accidents in the nitro-glycerine factories.
Before glycerine was produced by decomposition with
steaan under high pressure, and concentrated only by
means of steam, glycerine of great purity and con-
centration was only obtained at high prices. 1In
order, thovefore, that the product should not he too
expensive, the manufacturers of the nitro-glycerine
used impure glycorine, which in addition to a large
anmount of water contained many foreign  sub-
stances.  Among the combinations which in ad-
dition to nitro-glycerine result from the treatmment of
such a product with the nitration Hquid are some of
very low chemical stability and easily decomposed by
slight outside mfluences, as, lor instance, moderate
increase of temperature.  As this decomposition takes
place suddenly either through heat or shock it is easily
communicated to the nitro-glycerine, thereby causing
an explosion, and in this we have a very simple sol-
ution of the many explosions which have frequently
taken place in the isolated buildings, where prepared
nitro-glycerine has been stored for a long period,
Since improvements have been introducad in the man-
ulacture of pure glycerine, its price has fallen so much
that the nitro-glycerine works have at their disposal
a substance of the greatest purity, and from this
time veports as to explosions have become much
rarer. By the use of a suitable process and glyeerine
ol adequate purity, the manufacture of nitro-glycerine
iy no more dangerous than that of gunpowder,
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certainly less dangerous than that of fulminating
mercury or of gun cotton. From the many works
written on the manufacture of nitro-products, par-
ticularly on the subject of gun cotton, it seems
pretty probable that the spontaneous decomposition
of the preparations takes place especially where tlic
nitric acid employed is not pure, but contains dec-
composition products of the nitric acid, and in par-
ticular nitrous acid. Therefore in the production of
nitro-glycerine it is not sufficient to employ a vcry
pure glycerine, but great care must be paid to the
constitution of the nitric acid to be used, and Cx this
reason manufacturers nowadays only use perfectly
pure nitric acid, which before being employed is
severely tested as to the absence of nitrous acid.
As is well known, nitric acid easily decomposes when
the temperature increases; as a result of tlic chemical
reaction which takes place by bringing together a
mixture of nitric acid and sulphuric acid with glycerine
a considerable amount of lieat is liberated, and there-
upon it may happen that during the reaction de-
composition products of nitric acid may be formed
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 mentioned must be most care-
fully taken into consideration, and in addition to the
exclusive use of pure glycerine, and pure nitric acid,
the temperature must be prevented from rising above
a certain limit by means of a well-regulated systen
of cooling.
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THR MANUFACTURE OF NITRO-GLYCERINE.

The nitration acid—a mixture o about 5 parts
of concentrated snlphuric acicl, and 3 parts of
nitric acid—is either obtained already mixed from
the acid manufacturer, or else it is prepared on the
spot itsell. In the latter casc great care should
always be exercised, although the mixing of Ihe two
acids is quite a harmless operation. To this end
covercd pans fitted with an exhaust pipe for tlic
evolved gases should be used, in which the stirring
of the acid mixture is accomplished by coinpressed
air.  Splashing of the acids is thus avoided, and the
mixing itself entails no danger.

As a rule tlzc now ready nitration acid is lifted
into a tall vessel, and for this purpose it is best to
use compressed air. Tlic acid reservoir must stand
high enough so that in the natural descent of the
liquid in the course of the manufacture, the acid
mixture may flow to the nitration apparatus, the
nitro-glycerine mixture to the separator, and tlic
separated nitro-glycerine to the washhouse without
being carried oreven lifted.  The “montejus,” which
are cmployed for the lilting of the acid mixture,
consist either of lead lined, or polished wrought-iron,
or cast-iron pans. Lead-lined vcsscls have not
proved suitable, as it iS unavoidable that in certain
parts the lead should detach itself and then the ex-
posed iron is all the move casily attacked by tlic
acid. Cast-iron pans arevery resistant to the action
of acids, but they must be very strong in order to
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stand the great pressure which, on account of the
high density of the nitration mixfure (about 1-7),
amounts to three atmospheres.

The nitration takes place in large leaden vessels
which have been soldered with the hydrogen flamne,
with a diameter of about 1 metre, by I metre high s
they are able to contain a weight of 100 ]\;:
of distilled glycerine at 31° Bé., 450 kg. of sulphuric
acid, containing 98 per cent mono-hydrate, and
250 k. of nitrie acid of specific gravity 1501, when
a yield of about 212-215 kg, of nitro-glycerine will he
obtained. In the apparatus there are about 100 m.
of cooling coils of 35 . diameter, which are used
for cooling during nitration. Ifurther, at the hottom
of this vessel there are two pipes funnel-shaped ot
the end, and provided with small orvifices,  They
are employed for the introduction of the compressed
air, by means of which the mixture during nitration
is vigorously stirred and kept in violent motion.
The apparatus is closed with a cover fitbed with a
glass window, through which the progress of the
reaction may be observed. The resulting [umoes
escape into the open by means ol a vapour ouflel.
The bottom of the nitration apparatus is cither in-
clined to one side or else flat and funnel-shaped; at
the lowest point there is a very wide waste tap of
clay. Underneath this there i3 a large water-tank
containing water four times the capacity of the ap-
paratus. If during nitration, in spito ol continueed
stirring and coolmg, the tompm ature in the apparatus
should rise to 40°, then the workman should turn on
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the tap, which must be very wide, so that the ap-
paratus is emptied in a short time, and the mixture
may flow into the water-tank. Only in this manner
can an imminent esplosion be prevented. In order
that the nitro-glycerine mixture may flow to the
separator, a funmnel is placed under this tap, connect-
ing it with the pipe leading to the separator. For
observing the temperature, thermometers are fixed
inside the apparatus, with a clear scale, the bulbs
of wliicli dip into the mixture. The nitration takes
place at 28°-30° ; for cooling the mixture well water
is generally used, and is allowed to flow through
the cooling coils. A quantity of about 100 kg, of
glycerine is nitrated in about 30 minutes.

Larger quantities of glycerine than 100 kg. are
seldom nitrated at one time; on tho other hand, in
America quantities of 2000 kg. at one 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
mixture. More certain and more suitable, however,
is Che employment of the Ballabene air-stirring pro-
cess. which also allows tlie use of glycerine heated to
34° At this temperature the liquid is much thinner
and 1nixes more easily With the acid. Thereby local
decomposition is avoided, which, moreover, is largely
to be attributed to tlic great purity of the glycerine
and the acid employed.

The glycerine flows out of a large number of fine
holes pierced mn a ring-shaped lead pips, placed at a
suitable height above Clic acid mixture, arid in order

i
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observed. The tap I serves for the purpose of
emptying off the finished nitro-glycerine mixture ; 8
is the safety tap which projects over the water-tank.
Tor cooling purposes the cooling coil, which is plainly
shown in the dwwing, is used.  In addition the
nitration vessel is suprounded with a sceond jacket
inside which eooling water is also civculated.  As is
already scen [von the foregoing, two or more cooling
coilg are now used, and two or move compressed air-
stirring  devices in case one should suddenly fail.
Moreover the waste-cock Rocan be dispensed with,

and now only the safety-cock 8 i employed in th(,
manner indicated.

A mitration apparatus of newer type, according
to O. Guttmann, is arvanged as follows: the acid
mixture, generally 450 kg of s‘ulplmric acid and
250 kg. nitric acid per 100 kg. glycerine, is prepared
in a large fron vessel. From here it passes through
a cooling case into a storage receptacle or ““monte-
jus,” and by means of compressed air it is then
foreed into the niteation vessel. These apparatus
(i, 4y, consist of a leaden vessel A, {vee from zine,
which stands in a wooden vat BB and is fitted with a
number ol aip-supply pipes (‘ cooling coils D, fume
or vapour-discharge pipes 1) thermometers 1*, and
admission pipes for the aeid (~r, and [or the glyeerine
H. The cover can be removed, but during the
operation iy rendered airtight, by means of cenent
or linsced oil putty.  In the pipe I there i a spy-
glass insevbed.  The bottom of the apparatus s
inclined “to one side, and at the lowest extremity
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there is an outlet with a clay tap. The panes of
glass It serve for the purpose of enabling the opera-
tions in the apparatus to be observed. It is placed
over a pipe through which the whole contents can
be quickly emptied into a large water-tank in casc
any danger of explosion should oceur, or the tew-
perature of the reacting mixture showld rise con-
siderably.

In order to avoid this, cooling should go on con-
tinually duoring the operation by mcans of water
which flows through the cooling coils as well as
through the space betwoeen the leaden vessel and
the wooden vat.  The glycerine is then poured drop
by drop into the cooled acid mixture, when the
temperature should not exceed 30", Ifor the recep-
tion of the glycerine the wrought-iron cylinder M
with the gauge N is used, into which compressed
air is introduced through 0. Tt lorces the glycerine
through the pipe I to the bottom of the nitration
vessel.  The resulting nitrous acid fumes escape
through I, and the best plan is for them to be
absorbed in a Lunge-Rohrmanm tower,

When the nitration is accomplished, the nitro-
glycerine mixture flows to the separator, where it is
allowed to remain lor some time for the purpose of
separating the nitro-glycerine fvom the acid.

These separators are large, square, funnel-shaped,
leaden vessels, on one side of which there 13 a
glass window, and they are closed with a glass
cover. Ifrom the lowest side of this separator
there rung a leaden pipe fitted with a clay tap and
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a small pane of glass. On emptying, the waste acid
first flows out; this passes through a funnel pipe
into a conduit leading into the separating building,
As soon as the first drops of nitro-glycerine can be
seen through the observation glass,—the separation
can be carried out with great speed,——the tap is
turned off for a minute, and the funnel pipe moved
to a tank partly filled with water, fvom which there
is a pipe leading to the washhouse, and the tap is
again turned on. In this tank the separated but
still very acid nitro-glycerine is poured into a lot of
water, when again compressed air is used for stirv-
ring. By this dispersion in water, any likely de-
composition at this stage of the production iy
obviated. From here the raw nitro-glycerine dis-
persed in the water lows to the washhouse, where it
is submitted to further purifying. This is accomn-
plished by letting it flow into a leaden vat filled
with cold water, stirred by air; after two or three
changes of water and the use of hot water, it 1is
finally thoroughly necutralized with soda, and the
now purified nitro-glycerine filtered.  Great eare
must be taken in regard to the entire elimination
of the acid, for glycerine which 1s not completely
acid free may, though perhaps only after a time,
decompose and explode.

For the sepavation of nitro-glycerine and waste
acid, the separating apparatus shown in Ifig. 5, p. 210,
s used. It consists of a square, leaden vessel, with a
conically shaped base, supported by a strong wooden
frame or stand A, B and C are cross bars and
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sheets of lead which close it from the top. Gases
can escape through the pipe D, which ig fitted with
an observation glass . Through the cover a ther-
mometer is fixed which dips into the liquid, and there
is also a pipe K which admits the mixture coming
fromy the nitration apparatus. The pipe at the
lowest extremity is fitted with a spy-hole F and con-
tinues in pipe G and is fitted with two or three
taps T,

When the nitration mixture is admitted, it re-
mains standing for about half an hour, whereupon
the nitro-glycerine flows through J to I, in such a
manner that only a little nitro-glycerine is floating
on tlic waste acid. This is separated from the acid
by means of tlic taps G and H. The nitro-glycerine
is then washed in L and stirred with compressed
air, introduced through N, and the washing water
then flows away through M.

The waste acids which have been separated from
the nitro-glycerine are passed into the separator for
the purpose of further extraction, where they are
allowed to remain undisturbed for a few days, in
order that any residue of nitro-glycerine should rise
to the surface, and he collected. In order to extract
the nitrie acid a denitrificator is employed, a four
metre high cylinder with acid-proof stone lining in
which the acid flows over pumice stone or coke,
whilst from underneath air and water vapour are
introduced. 1By this means the acid splits up into
nitric acid of about 36° Bé., and sulphuric acid of
56" 36, which can be sold as waste products,



CHAPTER VII.
PROPERTIES OF NITRO-GLYCKRINE.

TuE theoretical vield of nitro-glycerine would amount
to 246°7 parts from 100 parts of glycerine; in
reality, however, only 210-215 parts ave obtained
according to the wmethod of working. It was en-
deavoured, therefore, to increase this yield, and several
methods have been resorted to. Thus, according
to the English patent 2776 of Ifebruary 10, 1905, it
is recommended to use the waste acids instead of the
freshly prepared nitrating acids, only adding suflicient
fresh acids to restore them to the original composi-
tion; thercby the yield is said to be increased up
to 228 parts.  According to the Mnglish patent
1658 of March 19, 1906, Nathan and XRintoul,
on the contrary, reconmunend as much as possible
the use of water-frec acids. They nitrate with a
mixture composed of 2.8 parts of nitrie acid and
3-4 parts of fuming sulphuric acid, when a yiceld of
230 parts of nitro-glycerine results.  According to
Stiitzer, 100 parts of glycerine nitrated with a
mixture composed of 267 parts of sulphuric an-
hydride, and 264 parts of nitric acid yield 229 parts

2 EvEYN
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of nitro-glycerine, which is decidedly more than is
obtained with tlzc older inethod.

The separation of nitro-glycerine from waste acid
is often delayed by tho separation ol gelatinous sili-
cates. It has been attempted to prevent the ap-
pearance of this phenomenon by addition of various
substances, such as paraflin, or fatty acids ol high
wolecular weight (0-5 to 2 parts per 1000 of glycer-
ine by weight) or by the addition ol 0-002 per ccnt
sodin fluoride.  The sodium fluoride acts in such
a manner that silicic acid is converted into silico-
fluoridc.

Glycerine has three hydroxyl groups, so that it
can [orm three nitrates, that is three nitric acid
esters, according as all three or only two, or only
one hydrogen atom is replaced by the NO, group.
As ordimary nitro-glycerine, that is tri-nitro-glycer-
ine, freexes easily and in itsfrozen condition is fairly
susceptible t0 a blow, while on the other hand,
other glycerine nitrates do not posscss this character-
istie, and also in o liquid condition are less sensitive,
they have been morein favour lately.  Di-nitrate, lor
instance, ag long as it is free from water, does not
becomne solid, even at the lowest winter temperatures,
but it absorbs water [rom the aix, and then also
freezes fairly casily.

Less sensitive and casier fo produce is tetra-nitro-
glyccrinc

C,H,(0. I\D,),\
C,H,(0 .NO)),
which is produced by mnitration of di-glycerine.
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Di-glycerine is produced by polymerization of two
molecules of glycerinc and the splitting off of one
molecule of water. It is sufficient that to the glycer-
ine to be nitrated 20-25 per cent di-glyacrine bc
added, in order to obtain nitro-glycerinc which will
be sufficiently resistant to cold.

By the nitration of chlorhydrin (rccp. 14), di-nitro-
mono-chlorhydrin, CH Cl(O . N()) which is not
hygroscopic, can be obtmncd and even at tempera-
tures of - 80° it will not freeze. € is easily dis-
solved in tri-nitro-glycerine, and an addition of* 20
per cent is sufficient to render the nitro-glycerine
non-freezing under not too extreme circumstances
(D.R.P. 183, 400). As di-nitro~mono-chlorhydrin
is, moreover, much Icss sensitive than nitro-glycer-
ne its use is more practical. Nitrated chlor-
hydrin can be dispatched in quantities up to 200
kg. by the German railways, whereas thel trans-
port of nitro-glycerine is altogether prohibited.

Pure nitro-glycerine that is entively Ircc from
acid and water, is a colourless, or mt least a vcry
faint yellow liquid, with a swectish burning taste,
and odourless. The specific gravity of pure nitro-
glycerine is 1-6.

Nitro-glycerine is practically insoluble in water.
With ether and methyl alcohol it is miseible in all
proportions. DBefore the use ol nitro-glycerine for
dynamite i its lion-dangerous state had heen dis-
covered the explosive oil was dissolved m methyl
alcoliol.  In this solution the substance was deprived
of its esplosive qualities. By adding water it was
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separated again from the methyl alcohol solution,
with its usual explosive qualities. '

In cold aleohol nitro-glycerine dissolves hut little ;
on the other hand it dissolves well in this solvent at
50" C. It easily volatilizes above 100° without de-
composition. In a pure state it does not easily de-
coIMpose,

At - 15" 1t thickens without congealing.  Sub-
jected  for o fime to a temperature of - 2" 1t
erystallizes.  Hven o temperature of 8° ¢, if 1t
acts long enough on the nitro-glycerine, can convert it
into the crystalline state.  [tmay be said that nitro-
glycerine at temperatures of 8 to - 11" C. passes
from the liquid to the solid state, but in this respect
various nitro-glycerines differ.  Some nitro-glycerines
at a temperature of - 12" C. require ten to fourteen
days belore congealing, whereas others require more
or less time.

If nitro-glycerine is submitted for some tine to a
temperature of practically 100° C., it shows great
resistance to congealing.  Very minute particles or
quantities of inpurities suflice to delay or hinder
crystallization.  TIf nitro-glycerine is quickly con-
goaled it erystallizes to a whitish-yellow opague
1Mass.

The frozen explosive oil thaws again at about L1°,
Tor o long time it was presumed that on freczing,
explosive oll expanded about 'y th, whercas Mowbray,
in the case of the nitro-glycerine produced according
to his method, ascertained a contraction of ,th of
the original volume. Recently, however, the density
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of the Nobel liquid and solid nitro-glycerine has been
found to be 1-599 and 1.735 respectively, which
shows a contraction of %. This last {raction
corresponds entirely with that obtained by Mowbray,
and therefore the physical constitution of tlic Nobel
esplosive oil is identical with that of Mowbray.

Explosive oil even in small quantities is poisonous.
In this connexion Schuchardt has experimented on
himself, ancl reports as follows: Ie swallowed a
drop ol nitro-glycerine and soon cxpericnced giddi-
ness and weakening of the sight, headache, lassitude,
sleepiness arid a strong, spicy taste and burning in
his throat. Anhour later, when by nadverience lie
swallowed more nitro-glycerinc, he soon noticed an
increase in the symptoms. Then lollowed uncon-
sciousness, giddiness, trembling, violent throbbing,
headache, and aversion to light; a fceling of cold
was followed by a feeling of heat, nansea without
vomiting ensued, but there were no cramps, and the
following day no further cffects of the nitro-glyeerine
were noticeable.

Workmen who us¢ nitro-glycerine for blasting
purposes easily get headaches.  This has been ex-
plained by the lact that nitro-glycerine casily pene-
trates the skin, and so passes into the blood.  In
order to avoid direct contact of the skin with nitro-
glycerine tltc worlanen are allowed to wenr vubber
gloves, particularly in the preparation of dynamite,
but most of them find that these gloves hinder
them in their work, and do not use thein.

As antidote to such nitro-glycerine poisoning,
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black coffee has Leen recommended, rubbing in of

washing soda lye, and aqueous solution of hydrlodlc
acid, which is said to decompose nitro-glycerine and
reforms the glycerinc.

In order to detect the presence of the minutest
particles of nitro-glycerine, it should be mixed with
aniline arid concentrated sulphuric acid, when if
traces of nitro-glycerine are present a purple colour
ensues which furns green on diluting with water.

HixprosioNn o NI1mro-GLYCERINE AND THE
Rusurnring GASES.

Nitro-glycerine explodes when heated to 280° or by
some violent shock, or, finally, by violent apd sudden
pressure brought about by the explosion of the
strong fulminating preparations (fulminate of
mereury)  with  which it finds itself in contact
(Nobel’s fuse cartridges). 1n each of the three cases
it is heat alone, or work converted into lieat, which
brings about the csplosion. If nitro-glycerine is
carcfully warmed, then at about 100° decomposition
sets in with liberation of hyponitrous acid. It is
stated that nitro-glycerine can be volatilized entirely,
when gradually heated, without any explosion taking
place.

On heating, nitro-glycerine behaves as follows:
ab 1857 it boils with evolution of yellow fumes, at
194" slow volatilization takes place, at 200" rapid
volatilization, at 218 strong combustion, at 241°
(slight) detonation, at 257° strong detonation, at 287°
weak detonation, with flame. At red heat the nitro-
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glycerine volatilizes without detonation, because i}
passes into the so-called spheroid condition.

A very important characteristic of nitro-glycerine
is that the temperature at which it explodes does not
coincide witli its ignition temperature, but is much
higher. Therefore nitro-glycermne (in contrast to
gunpowder and flocculent gun cotton) belongs t0 the
indirect explosive substunces.  This quality iS ol
the highest practical importance; and it is thanks
to this quality that explosive oil at ordinary tempera-
tures when ignited burns with difticulty hut never ox-
plodes. It has burnt out before it has reached
explosion point. Therefore there is scavcely any
danger when nitro-glycerine ignites, provided that
not too great quantities of explosive oil are attacked
by fire.

In the cage of direct ignition nitro-glycerine as
already stated does not explode. During some ex-
periments which Nobel conducted in the presence ol
several scientists at Stora Ahlby in Sweden in 1865
nitro-glycerine could not be ignited by touching tlio
surface with a red-hot iron bar; ignited witli a chip
of burning wood it burned with Hame but without ex-
plosion, and the flame died out immediately the wood
was removed. F csplosivc oil issubmitted to gradu-
ally increased, and finally very strong pressure, appar-
entlg it docs not explode. On the other hund it
explodes each time in the case of sudden strong
pressure, lor instance a heavy blow. DBuat the ox-
plosion of the portion subjected to tlic pressure does
not communicate itsell to the remainder of the mass.
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When at Rennlioppel near. Hamburg in March, 1866,
Nobel shook some drops of nitro-glycerine on an
anvil and had it violently hammered, only the nmitro-
glycerinc that came in direct contact exploded with
a loud report, but the explosion did not extend. A
small bottle containing nitro-glycerine can be throwh
against a stone in such a manner as to break, but the
preparation will not explode.

Formerly there existed the ervoneous opinion that
frozen nitro-glycerine was morve susceptible to blow
or shock than the ligquid nitro-glycerine. The fact
is, however, as exhaustive experiments have proved,
quite the contrary. Simple reflection proves that
according to physical laws this must be so.

The blow or pressure to which nitro-glycerine lias
been submitted is converted into heat, just as any
checked motion or movement is convcrtecl into lieat
(compare, for instance, the heating of a wheel, when
the brake is applied t0 a train). The blow or
pressure administered to the nitro-glycerine nust
tlierefore be sufficiently powerful t0 raise the heat
of the nitro-glycerine up to 180° (its explosion
temperature). In order, however, to heat frozen ex-
plosive oil to 180 it is evident that more heat is
necessury than would be required in the case of a
similar weight of liquid nitro-glycerine to bring it to
the same temperature.  For as regards frozen nitro-
glycerine heating for melting purposes niust be ap-
plied, in a word tho frozen nitro-glycerine must first
of all be supplied with its latent heat of fusion. In
this connection all practical experiments tally.
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Quantities of fulminating mercury, whicli certainly
cause explosion of liquid nitro-glycerine, leave
crystallized nitro-glycerine unaltered. Moreover,
solid and liquid nitro-glycerinc were placed in a thin
layer on a flat anvil of Bessemer steel and a wrought-
iron hammer was allowed to fall on the anvil. 1In
this instance the average drop lor detonation of the
liquid nitro-glycerine was 0-78 in., whereas {rozen
nitro-glycerine only exploded at a drop of 2-18 1.

In any case frozen explosive 0il should never be
touched with sharp and pointed instruments, and
should always be thawed in dynamite-heating or
similar apparatus by tlie use of hot, not boiling watcr.
If nitro-glycerine is not absolutely pure, very often,
as in the case of impure gun cotton, spontaneous
decomposition takes place, which may easily cause
explosion. Then glyceric acid and oxalic acid are
formed (by oxidation). At the same time tlic nitro-
glyccrinc in process of decomposition tmns green,
and forms nitrous acid, nitric oxide, and carbonic
acid. As nitro-glycorine is generally kept in well-
closed bottles, tlie gases resulting from this spon-
taneous deconiposition cannot escape, and therefore
exercise great pressure on the nitro-glycerine. Under
these circumstances the slightest blow ov shock is
sufficient to cause explosion.

As to whether such a decomposition is in progress
may be known by tlic reddening of blue litmus paper
dipped into the nitro-glycerine.

If explosive oil should explode in a closed room, it
exercises very violent pressure. This IS to be at-

-

e
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tributed to the considerable quantity of explosion
gases which develop, as well as to the high combus-
tion temperature caused by the explosion, when the
gases expand to about eight times their original
volume,

According to the experiments of Sarrau and Vieille,
nitro-glycerine during explosion decomposes in the
following manner :—

2C,H,(0 . NO), = 6CO, + 6N + 5H,0 + O
1 grm. nitro-glycerine liberates thervefore :—
295 e.c. earbon dioxide
147 ¢.c. nitrogen
25 c.¢. oxygen
at 0% and 760 mun. barowmetric pressure; conse-
quently there results 467 c.c. permanent gases.
The gas pressure amounts to 10,000 atmospheres.

In order to lower the sensibility, and at the same
time to avoid the disadvantages connected with the
use of liguid explosive substances, it is generally
used in the form of Guhr dynamite or explosive gela-
tine.

In the former case the action is less than that of
the corresponding weight of pure nitro-glycerine, in so
far as the non-gaseous mineral substance absorbs a part
of the liberated heat given off during the explosion.
A further lowering of the explosion temperature is
obtained by mixing with the dynamite salts con-
taining water of crystallization, such as soda crystals
or Glauber’s salts. Such preparations offer relative
security against the communication of fire to five-

”
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damp or coal dust, and are used in mines under the
name of Wetter dynamite.

In the second case by the production of explosive
gelatines, the duration of the time of gasification is
extended, which at the same time results in heat
losses ; whether this loss is counterbalanced by tlio
fact that the nitro-cellulose completely burns the
nitro-glycerine at the expense of the surplus oxygen
must for the time being remain in abeyance.

In the technics of explosives nitro-glycerine 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 somewhat smaller then that of
the bore hole, were filled with gunpowder and so
much nitro-glycerine was poured on it as would
find room between the grains of powdcr. When
the cartridges had been sunk into the bore hole they
were covered with a layer of powder 22 mm. high.
The charge was ignited by means of a quick match
or percussion cap.



CHAPTER VIIIL.
DYNAMITE.

Tur manifold drawbncks connected with the use
of nitro-glycerine in tlie liquid state, and particularly
also the endeavour to render the manipulation of the
explosive oil less fraught with danger by mixing it
with a non-active solid component, have resulted in
tlic explosive oil being absorbed by porous, solid sub-
stances, and being employed in this new form under
the name of dynamite.

Formerly under the designation dynamite only
that preparation was understood that was obtained
by tlie absorption of explosive oil by kieselguhx
(kieselguhr dynamite No. 1).

At present dynamite applies to any explosive sub-
stance impregnated with nitro-glyccrinc, the nature
of the absorption substancc being immaterial.

Kieselguhr is erroneously designated infusorial
earth, as formerly the diatoms of which it consists
were considered to be infusorial plates, whereas they
spring from a genus of plant to wliicli algae belong.
They are surrounded with a very strong silicic acid
coating, end under the microscope tlic form is that
of a dish, a boat, or a pipe. The appearance of

7QQ)\
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dynamite are less dangerous to handle than dyna-
wite No. 1, because they contain far less explosive
oil than the latter. But owing to the fact, however,
that the chemically active absorbent causes complete
combustion of the dynamite, it results that many of
these dynamnites with a similar amount of nitro-
glycorine in the cartridge ave more efficient than
dynamite No. 1.

Dynamites with chemically active absorbent can
again be divided into three classes, and can be de-
sighated as follows i—

. Dynamite, containing as ingredients kiesel-
guhr dynamite (containing nitro-glycerine) and a
kind ol gunpowder mixture. To this class belong
Lithofraktewr which may be conveniently said to
be composed of dynamite and barium nitrate-gun-
powder, further Kolonial powder, a dynamite which
is now no longer in use, which consisted of nitro-
glycerine absorbed by a kind of explosive powder
mixture, and finally Braim’s explosive powder—a
sulphur free powder-like mixture containing absorbed
nitro-glycorine.

2. Dynamite, the absorbent of which is wood sub-
stance, or nitrated wood substance.  To this class
belong Lidgnose (wood fibre impregnated with nitro-
glycaringy, Dualin (nitrated saw-dust impregnated
with nitro-glycerine), cellulose dynamite (a specially
prepared wood material steeped in nitro-glycerine),
as also dynamites 2, 3, and 4 (@ mixture ol boring
dust and saltpetre orsimilar substances, impregnated
with nitro-glycerine).
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3. Dynamite, containing gun-cotton, collodion
cotton, and nitro-glycerine.  Here we have gun-
cotton dynamite and explosive  geladine  (gelatine
dynamite). . .

Of all these ditferent dynamites the most import-
ant are only: Kieselguhr dynamite I, dynamites 2,
8 and 4, cellulose dynamite, explosive gelatine,
and lithofrakteur.

(@) DywamIte WITH CHEMICALLY NON-ACTIVE
ABSORBIINT.

Kaueselguhr Dynamaite.—TIb is said that chance led
Nobel to the very important discovery of this dyna-
mite. For some time infusorial earth had heen
used for packing the tin cans containing the ex-
plosive oil; one of these van over, and thd properties
of the infusorial earth were obscrved, and cxpori-
ments confirmed that the explosive action of the
nitro-glycerine was entirely preserved, bubt on the
other hand the explosive propertics considerably
diminished.

According to other statcments, however, the dis-
covery of dynamite is to be atiributed to the mine
inspector Schell at Grund ncar Klaustal, in the
Hartz, who first used nitro-glycerine mixed with a
light porous earth, which absorbed it.  IHowever
this may be, Nobel in any case first introduced it
into technical blasting.
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The infusorial earth used as absorbent for nitro-
glycerine is found in iuany places, but that occur-
ring in an extensive layer near Oberohe (province of
Hanover) is particalarly fine and suitable for the
manufacture of dynamite.

The drawbacks of infusorial earth for the manufac-
ture of dynanite are the moisture contained, organic
matter, and coarse grains. In order to remove the
two first the infusorial earth is heated’” to redness.
It is pluced in afurnace or stove containing four
super-imposed trays, in which the infusorial earth is
gradually shifted from the upper to the lower. In
order to vemove the coarse grains the heated in-
[usorial earth is crushed by hand rollers, and shaken
through a sieve which retains any remaining coarse
grams,

The mixing of tho nitro-glycerine usually takes
place in the swe shed in which the plant employed
for the final deacidifying of the nitro-glycerine is
housed.  One hundved and fifty kg. of explosive
oil is poured over 50 kg. of infusorial earth con-
tained in flat wooden cases, and the workmen
knead this mass with their naked hands. As nitro-
glycerine easily penetrates into the skin, the work-
men were  given rubber gloves to protect them
against the poisonous etfects of the nitro-glycerine.
They, however, soon dispensed with the gloves, find-
ing It casicr t0 work with their bare hands. In half
an hour’s time tlic mixture is ready. The mass is
then placed o11an iron wire sieve, the meshes of which
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are about 1 mm., and pressed through the holes of
the sieve by hand. This is now kieselguhr dyna-
mite which only needs to be placed in cartridges.

The dynamite cartridges are small cylinders con-
taining pressed dynamite enclosed in strong purch-
ment paper. Three kinds ol dynamite cartridges
exist, (1) ordinary dynanite cartridges of 3-10 cus.
long and 3 cm. diameter; (2) fuse carvtridges, 3 cn.
long and 3 cm. diameter; (3) fuse cartridges for
frozen dynamite.

The first-named cartridges generally have their
paper covering removed and are forced into the bove-
hole. The fuse cartridges serve for the reception
of the percussion cap, that is the quick mateh which
is contained in the percussion cap. The cartridges
of frozen dynamite, in addition to oxdinary dynamite,
contain a mixture of saltpetre and rosin or of potas-
sium chlorate and antimony sulphide or similar in-
gredients, which are first ignited by the percussion
cap, and these cause the frozen dynamite to explode.

The moulding of the cartridges is accomplished
as follows: about 5 kg. of dynamite are placed in
linen receptacle open at the bottomn and there con-
nected with a funnel-shaped brass device. A piston
reaches into this, the upper part of which penctrates
the linen sack and can be moved up and down by
means of a lever. At the highest position of the
piston the orifice of the funnel remains open, so
that the dynamite can enter, and then when the
piston is lowered into the funnel, and the pipe steel
plece connected therewith is pressed down, it comes
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olit underneath in the form of a solid c¢ylinder. The
upper edge or border of the linen sack is connected
with the lever of the piston, which therefore shakes
it up and down. Moreover, wooden valves are fixed
to the sides of the linen sack which are also connected
with the lever, and shake the bag to and fro.  So the
dynamite is moved along continuously as the piston
is worked up and down.

The pipe screwed to the bottom of the funnel is
of the same dinmeter as the dynamite cartridges.
When by the movement of the piston lever this pipe
is quite filled, the corresponding sheet of parchment
is rolled round and the parchment cylinder placed
under the wouth of the pipe. A further movement
of the piston lever brings along the dynamite cylinder
which takes the parchment case.

As a rule o dynamite factory has ten smaller
cartridge sheds in each of which two machines and
two men are working. Hach cartridge shed 1s sepa-
rated from the other by a wall of earth of 4 metres.
Often there is a complete reserve factory built, in
case those working are partly or entively blown up.
The sheds are lightly built of wood and the roof and
side walls lined with straw, so that in winter the
temperature can casily be maintained at 15°.  The
light comes in from outside, and the floor is of loose
fine sand.

The danger connected with the manulacture of
dynamite is the mixing of the inlusorial earth with
the explosive oil, ag well as the forcing of the pre-
pared dynamite into the cartridge moulds. Unfor-
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tunately accidentS are not sn exception in connection
with this operation. It may, however, confidently
be said that the greater number of the explosions
would not have occurred had the necessary care been
exercised. It is just the relatively great lack of
danger with which dynaiiiite may be handled that
only too easily inspires the ignorant workmen witli
a feeling of security. Only too frequently dynamite
is handled witli the utmost carelessness, or rather mis-
handled, and it is really wonderful thatexplosions arve
not more numerous. Only the most careful enliglit-
enment as to the explosive characteristics of dyna-
mite, the niost accurate instructions as to its
manipulation, and absolute severity in case of any
infringement will in future help to prevent these
explosions.

TR PRrROPERTIES OF DYNAMITE.

Dynamite is a dough-like, plastic mass of 1-4
specific gravity of a yellow reddish colour,and greasy
to the feel, and odourless. It consists of about 75
parts of nitro-glycerine and 25 parts liiesclguhr.

Dynamite can only be made to explode by nieans
of explosive substances, percussion caps, red-hot
metals, sudden heating to a high degree, or by a
violent blow or shock. Coming into contact with
light, a mateh or burning fuse, it burns without ex-
ploding just like damp paper. The reason lor this
is that dynamite in comon with all nitro-glycerine
preparations belongs to the indirect explosive sub-



DYNAMITE 10?

stances, because its explosion temperature is con-
siderably higher than its ignition temperature.

The kieselguhr of llie dynamite retains the ab-
sorbed nitro-glycerine so tenaciously that even strong
pressure Will not force it out. The reason why
such a considerable addition of kieselguhr to tlie
nitro-glycerine should diminish tlic explosive action
to sucli a slight degree is that this admixture does
not disturb the umntcnupted cohesion of the explo-
sive substance. Thedetonating fuliminating mercury
in the percussion caps, surrounded by suclia mixture,
is at all points in contact with a portion of the
nitro-glyccrine without the cohesion of this latter
substance being disturbed. Therefore, the detona-
tion spreads through tlie mixture with asimuch case as
if. the liquid were not mixed with such a substance.
If, however, a solid, inert body is mixed with a
similar solid, finely distributed, explosivc! substance,
then the development of the explosion, or its rapid
transmission is checked, owing either to reduction in
tlic contact between tlie detonator and the substance,
the explosion of which should be effected by the
former, or to the resistance offered by the intcrven-
ing non-explosive particles to the rapid spreading of
the explosion, or to both causes. Thus, for example,
the easy explosion of tulminating mercury is con-
siderably weakened if mixed with a non-active, fine
powder such as Spanish white.

Brought in contact with fire or glowing bodies,
dynanite even in quantities of several kilograms burns
without exploding if it is not packed into too tight
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casings. Temperatures under 60° C. even of pro-
longed duration have no detrimental effect on dyna-
mite. It can, therefore, be exposed to the heat ol
the sun without risk of injury.

On coming into contact with the 1nucous memn-
brane of the nose or the wouth dynaite can cause
very violent headache; precautions should therelore
be taken against such direct contact which is all the
more easy as the dynamite is supplied packed up in
cartridges.

Through violent concussion between hard bodies,
dynamite will explode ; on the other hand cven violent
blows of wood against any substratum will not ¢ause
it to explode. If dynamite is placed onan anvil only
the most powerful hammer blows will cause the ox-
plosion of the parts directly in contact with it. In
general, therefore, dynamite is a harinless substance
to manipulate.  However, its slightly dormant,
highly explosive power should constantly he borna in
mind, and the greatest care should always be  ex-
ercised when handling it.

A well-known peculiarity of dynamite is thai
preferably it only exercises its tremendous power on
the nearest surroundings, namely, a solid substratum.,
An example of this is given at the Rummeclsbergor
Mining Works in conmection with the advantageous
breaking up of the blocks of ivon pyrites resulting
from the blasting operations. A dynamite carbridge
15 placed upon the upper surface of such a hlock of
ore, thickly covered with damp cluy, and then ignitod.
The downward pressing force of the exploding dyna-
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mite shatters the mass, or loosens its cohesion in
such a manner that it is easily broken, or completely
blasted by a second charge of dynamite.

At temperatures under 8° the nitro-glycerine in the
dynamite freezes, and the latter congeals or hardens.
Frozen dynamite is thawed in the same way as
frozen nitro-glycerine and the swne precautionary
meastres must be taken.

Frozen (that i8 entirely, not partly, frozen) dyna-
wite 1s less sensitive to blow, shock, shot, and heat
than non-frozen dynamite. The reasons for this ave
of course the same as in the case of frozen nitro-
glycerine.

The relative lack of danger connected with the
manipulation and transport of dynamite has been
proved by several experiments. Of these we only
mention the better known Swiss experiments of
Bolley, Pestalozzi and Ilundt. These experiments
were also undertaken with a view to deternuining
the force of the shock necessary to cause ignition.  To
this end metal cartridges in which the explosive
substance was closely packed were shot out of an
alr- gun  against a horizontal wall 134 m. distant.
The thinly incased cartridges exploded, those with
thick cases did not, very likely owing to their. lesser
initial velocity. This was ascerbained at 40 1n. per
gecond.  'With a Bickford fuse not even ignition was
obtained.
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APPLICATIONS OF KIESELGUHR DDYNAMITN.

The advantages of dynamite as an explosive over
black Powder consist in the far simpler and move
rapid manufacture of dynamite, in the economy
effected in time, money, and labour, and in the
greater availability of dynamite, for example in blast-
ing damp rock or without the necessity for tamping.

For blasting operations under water, waterprool
casings for the dynamite cartridges are necessary.

No other explosive has attained anything like
such a wide application as dynamite in its different
grades (dynamite 1,2, 3, and 4). In civil practice
it is used for the blasting of stone, wood, ice, iron,
masonry, for loosening the soil in agricilture and
horticulture, as well as for the removal of stumnps of
trees in forestry.

In warfare it is employed lor the destruction of
cannon, masonry, palisades, as well as for submnarine
blasting, as filling for sea mines and torpedoes, in so
far, in the latter case, as compressed gun cotton is
not used.

The violent shock produccd by the explosion
under water stuns the fish for some distance round,
and they collect on the surface of the water.

This was taken advantage of during the sicge of
Paris to carry out fishing on a large scale. Also
poachers more often than not make use of this very
convenient method of illegal fishing.

Kieselguhr dynamite No. 1 isup to the present
about the only representative of dynamite with
chemically non-active absorbent.
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Prepared calcined clay has also been recommended
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 suitable {or this purpose. If this clay,
similar to kaolin, is gently heated and then finely
ground, it is by no means inferior to infusorial earth
as an absorbent, in fact it iS even superior on account
of its alkaline propertics. This small amount of
alkali would at oncc bind the acid resulting from the
decomposition of the nitro-glyccring, that is it would
render the decomposition harmless. Moreover, by
the application of heated clay in many cases the
often very distant transport of infusorial earth would
be avoided. In order, however, to distinguish this
kind of dynamite from the ordinary kieselguhr dyna-
mite it should be called “clay dynamite”. Boghead
coal ash has also been recommnended as an absorbent.

@) DyNaMITh WITH CHEMICALLY ACTING ABSORBENT.

Here we have, as has already been mentioned,
lithofrakteur (Kolonial powder), Brain's csplosivc
powdcr, lignose, dualin, cellulose dynamite, dyna-
mites Nos. 2, 3 and 4, gun-cotton dynamite and
gelatine dynamite (explosive gelatine).  Wc will dis-
cuss these explosives in their order :—

1. Lithofrakteur.—Very incomplete mid often
erroneous statements have been made with vegard
to thiy explosive substance discovered by Krebs
Bros. & Co, and manufactured in Cologne, and which
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in its action is practically similar to kieselguhr
dynamite.

Krebs' lithofrakteur contains in 100 parts 55
parts of nitro-glycerine, and although this is 20
parts less than in kieselguhr dynamite, yet;, in
spite of this, the explosivc power of lithofrakteur is
greater than of dynamite No. | on account of the
entire burning of the nitro-glycerine and the presence
of other mutually reacting chemical substances, Which
in an explosion develop a very high temperature and
a large quantity of highly expanding gases. Owing
to the nature of these substances and the complete
burning of the nitro-glycerine in the lithofrakteur,
these gases consist only of carbonic acid, hydrogen,
water gas, and a trace of sulphurous acid; they arc
free froni steam-vapour and in no way injurious to
health, neither do they din the light of the lamips
in the mines.

The 45 parts other than nitro-glycerin0 wliicli
coiiipose litliofrakteur contain only 21 parts of
infusorial earth and 24 parts of other absorbing
substances which not only keep tlic nitro-glycerine
in suspension, but in the casc of an explosion are
almost entirely converted into gases of high temper-
ature and dilation.

These substances are carbon, prepared bran, pre-
pared sawdust, barium nitrate, sodium sesqui-carbon-
ate, manganese, and sulphur. They are chosen insuch
proportion that in an explosion they develop tlic
highest temperature and largest quantity of gas, and
the following points of view are considered . Char-
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coal, prepared bran and prepared sawdust, Prec from
resin and mixed with saltpetre, are not only good
absorbents for nitro-glyccrinc, but in an explosion
they are completely transformed into carbonic acid
and water vapour owing to the surplus oxygen.

The small addition of sulphur is also converted
into gas, sulphurous acid, whereas the barium nitrate
and manganese at a high temperature give off a large
quantity of free osygen which effects the entire
combustion of nitro-glycerine, carbon, bran, sawdust
and sulphur, and causes the highest possible temper-
ature.

Finally, the addition of a small quantity of sodium
sesqui-carbonate has a twofold object. In the stor-
ing and manufacture of lithofrakteur this acts as a
protection against spontimeous combustion, which
would be possible in the casc of nitro-glyccrinc,
which through carelessness might not be quite Iree
from acid, because such traces of acid would be
neutralized by the presence of tlic godium sesqui-
carbonate. Further, if lithofrakteur is ignited, the
sodium sesqui-carbonate is decomposed into Iree car-
bonic acid aiid caustic soda, owing to tho great heat
resulting from tlic explosion, whereby the quantity of
dilating gases and power of tho explosive substance
are considerably increased.

On setting fire to a litholrakteur cartridge in the
open air, not tlic slightest trace of smoke is to be ob-
served, neither is any odour perceptible. Litho-
frakteur burns evenly with an orange-yellow flame
and leaves a gritty, grey ash.

)
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This ash treated with water and fltered shod..;
only @ weak barium reaction, a proof that the bariumn
nitrate (soluble in water) contained in the litho-
frakteur has been completely decomposed on burning,
barium silicate being formed, and the nitrogen of
the nitric acid in the original bavium nitrate has
been liberated and has exorcised its expansive power.

Moreover, there is no sulphur compound to be
found in the filtrate. On treating the residue with
hydrochloric acid there is no development of car-
bonic acid; a very faint reaction for sulphurettod
hydrogen is perceptible. The small amount of
sulphur has also been dissipated.

The remaining organic substances have, on burn-
ing, partly hastened this decomposition, and owing
to the formation of their own gases have advan-
tageously increased the explosive power of the ex-
plosive substance.

If the composition of lithofrakteur is more care-
fully examined, it will be found to contain practi-
cally the same substnnces as in black powder, mixed
with dynamite. Instead of tlic potassium nitrate iti
the powder, bariun nitrate is in this case substituted.
The remaining substances supply the carbon, while
nitro-glycerine and infusorial earth (ingredients of
kieselguhr dynamite) make up the oﬁ1er pawt  of
the explosive.

Lithofrakteur can, therefore, be considered as a
connectmg link between powder and dynamite, and it

is so indeed. On the one hand it possesses inan ex-
plosion the driving force of gunpowder, and on the
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other hand the shattering force of dynamite, and for
these reasons 1t is in all cases preferable to the other
two when a more heaving and shattering than crush-
ing action is desived in rock blasting. The develop-
ment of gases during the burning of lithofrakteur
is slow, and acts without any loss of power through
some distance on the resistance offered it.

Lithofrakteur 1is highly insensitive to strong
pressure and shock. A bullet shot through a
lithofrakteur cartridge does not cause ignition. A
bombshell charged with 830 g. was fived off and on
striking did not burst. A tin containing 2.5 ke. of
lithofrakteur was shattered on falling from a height
ol 50 m., but aid not explode however. On the
other hand lithofrakteur exploded by a heavy blow
of iron on iron.

According to Liuckow, the best quality of litho-
fraktenr should have a capacity of six or seven timnes
the amount of gunpowder. Txperiments which
were carried out with dynamite and Hthofrakteur
showed the following resully ;—

A cartridge charged with 20 g. ol litholraktewr and
ignited indicated on the Brisanz meter 12-257, and
a cartridge charged with 20 g. dynamite 1450
Another cartridge with 20 g. dynamite (with 75 per
cent nitro-glycerine) indicated 14-507, on the other
hand a cartridge of lithofvaktewr of 27-25 ¢, that is
with the same nitro-glycerine contents, indicated 15"
on the Brisunz moeter.

The greater action in the case of lthofrakteur

with the same amount of nitro-glycerine in the
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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 it 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 a bore hole with
loose tamping, part of the cartridge is hurled away
without exploding and is, therefore, without effect.
This has not been found to occur in the case of
lithofrakteur owing to the easily inflasnmable sub-
stances dispersed throughout the whole mass, and
its not too rapid combustion.

A furthcr advantage of lithofrakteur over dyna-
mite is that in damyp and rainy weather, when ex-
plosive material must be used without casing, it can
dynamite sometimes fails.

Another coinposition of lithofrakteur is given as
follows :—

54.5 parts nitro-glycerine, 14.75 parts barium
nitrate, 2 parts manganese, 2 parts soda, 2 parts
boring dust, 1 part bran, 7 parts sulphur, and 16-75
parts kieselguhr.

9. Kolonial Powder.—In the same way as litho-
frakteur may be considered as a kieselguhr dynamite
mixed with ingredients of gunpowder, so liolonial
powder is a somewhat modified form of black powder
mixture impregnated with nitro-glycerine.

Kolonial powder was introduced into commercial
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use by Wasserfuhr, of Cologne. Ireshly manu-
factured,it gave splendid results. After experiments
at Bonn the preparation, under favourable circum-
stances, was said to have an action five to six times as
strong asordinary powder. On beingput by lor some
time it was found that the nitro-glyccrinc separated
and thereby its use was attended with danger. For
this reason it has not bcen manufactured for many
years now.

3. Brain’s Baplosive Powder ~—This powderis the
invention of tlic Xnglish mining enginecr, W. B.
Brain, and consists of 60 per cciit of a composition
consisting of potassitun chlorate, potassium nitrate,
charcoal, and oak sawdust and 40 per ccnt of the
same explosive oil.

The force of this explosivc may be taken as 25-
30 per ccnt greater than that of a similar weight
of dynamite. It is characteristic of this explosive
that its action increases in proportion as the resist-
ance and hardness of the material t0 be blasted in-
crease. In the basalt quarries its action is a
tremendous Uric, as experiinents in the Adiian basalt
quarry near Oberkassel in the Sichengebivge have
proved. On the other hand its action in T.ioess s
very slight as the mass is t00 loose and soft.  Tgnited
with a quick match but without a percussion cap,
the powdcr burns quickly with a red fairly smoky
flame but without exploding.

4. Lignose.—Whereas the three Kinds of dyna-
mite which we have been discussing may wecll he
considered as mixtures of nitro-glycerine with chemic-
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ally acting absorbent, that is dynamite with sone-
what modified components of black powder, the
following kinds of dynamite are mixtures ol wood
substance, thatis nitrated wood substance with nitro-
glycerine to which sometimes an oxygen carrier, ¢.g.
saltpetre, is added. Lignose is wood fibre imprregnated
with nitro-glycerine. It was invented by I3avon von
Triitzschler-Falkenstein in Miggelsheim  near Ki-
penik.

5. Dualin.—This was mvented by Dittmae and is o
mixture of nitro-glycerine with sawdust, or wood
material from paper factories, previously treated with
a mixture of nitric and sulphwric acids, or only -
pregnated with a solution of potassium nitrivte.

Dualin 1s a yellowish brown powder with a spe-
cific gravity of 1-02. In the open air it burns with-
out exploding.  Yet it is more sensitive to blow,
shock, and fire than dynamite and lithofralkteur. In
particular it was observed that on boring out the
cartridge for the purpose of inserting the paorcussion
cap accidents occurred. Now special fuse cartridges
are supplied which are hollowed out [or the reception
of the capsule.

Ignition of dualin is best obtained Dby moeans
of a strong percussion cap, but in a dry place and
with solid tamping a fuse would be sufficient.

Dualin cartridges are covered with watcr-glass in
order to protect them against damp.

The disadvantages of dualin as compared with
dynamite consist in the greater danger attending its
manipulation and its lesser specific gravity, the
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charges taking up much more space, and accordingly
the bore holes have to be made much wider. Also
wood fibre is not such a good absorbent as kieselguhr
and therefore stronger cuses are necessary.

Sebastin  and serranin explosives are, probably,
similar mixtures to dualin.

6. Celluwlose Dynwnite—~This was invented by the
former K.K. Austrian Kngineer-in-Chief J. Trauzl,
and has asg absorbent of nitro-glycerine specially pre-
pared wood fibre material. It combines all the
advantages of kieselguhr-dynamite with the ad-
vantage of gun cotton of being insensitive to water.
The peculiarly treated wood material is a thoroughly
suitable absorbent, which absorbs T0-75 per cent
explosive oil.

This explosive in contact with water remains
stable in composition, and after pressing out and
drying, regains its former power.

7. Dynamites 2, 8, and 4.—These are mixtures
of saltpetre and carbonilerous substances (as boring
dust) which serve as absorbents of nitro-glycerine.
They are weaker than gelatine-dynamite, kieselguhr
dynamite No. I, and cellulose dynamite.

The composition of these dynamites is given as
follows :—

No, 2 No.3  No, 4

Nitro-glycerine . . 60 70 50
Kieselguhr . . . 10 — e
Wood material . . . 10 20 15
Barium nitrate . . . 20 10 35

On remaining some time in water the nitro-
glycerine separates (as in the case of dynamite No. 1),
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and the absorbent (saltpetre and boring dust) is
rendered incombustible and non-explosive. If ex-
posed to the action of the water for on?y ! Shf'_)rft
time, as is mostly the case in mining, it rcinains
quite unchanged.

All charges of dynamite 1, 2, 3, or 4 which arc
used under wabter should be protected by water-
proof casings. This is not necessary in the case
of gelatine dynamite and cellulose dynamite.

The more dynamites 2, 3, and 4 contain of the
absorbent-—and the content of the latber merveases
as the number goes higher, while on the other hand
that of the nitro-glycerine decreases—the stronger is
the action in an explosion.  Consequently, the strong
kinds of dynamite Nos. 1 and 2 have a more breaking,
and the weaker kinds of dynamite Nos. 3 and 4 a more
crushing action, similar to powder.

It is just this gradation in the action of the dyna-
mites 1, 2, 3, and 4 which renders their use so valuable.
The cases in which, in the practice of blasting, dyna-
mites 1, 2, 3 or 4 should be applied, are accurately
indicated by the kind of action it is desived to
produce.

8. We now come to those dynamites which are
produced by amalgamation of gun cotton, collodion
cotton, with nitro-glycerine.

Trauzl has conducted experiments with gun cotton
impregnated with nitro-glycerine and which is known
under the name of gun-cotton dynamite. Ie found
that this mixture, which can be handled and stored
without any danger, has a highly’explosive action,
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with a wator content of 15 per cent, if ignited with
a Strong fuse (match). A inixture of 73 parts nitro-
glycerine, 25 parts of gun cotton, and 2 parts of carbon,
afterimmersion in water for four days absorbed 15 per
cent of the latter, but could, however, be niade to
explode easily with it strong fuse.

The manifest advantages ol this gun-cotton dy-
nawite resulted in anattempt being made to produce
an explosive composition with collodion cotton and
dynamite.  In this wanner explosive gelatine (gela-
tine dynamite) was discovered, which was destined
to bring about a great improvewmnent in the production
ol explosives.

The production of explosive gelatine is based on
the fact that the lower cellulose nitrates such as the
collodion cottons containing 8 and 9 nitro groups are
soluble i ether. As nitro-glycerine is also an ester,
then collodion cotton will be dissolved by it. Conse-
quently, collodion cotton forms a most perfect ab-
sorbent lor nitro-glycerine ; it is itself practically an
explosive, but it also modifies considerably the pro-
perties ol dynamite. One-half per cent of collodion
cotton is sufficient to convert the nitro-glyccrine into
a thick, jelly-like mass, and 8 per cent, asis generally
used for the production of csplosive gelatine, on-
ables tlie production of a bough, solid, and horny
like body wiliicli can be cut with a knife and
moulded, whereas the best kieselguhr can only ab-
sorb at the inost 80 per ccnt of nitro-glycerine.

For the preparation of explosive gelatine, nitro-gly-
cerine is heated in copper pans and nitrated cotton 1s
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mixed With it by hand until a solid mass is formed.
This remains from three to six hours in the pans, until
the mass has taken on an entirely transparent ap-
pearance, the water under the pans which has served
for heating from 90°-97° being continually changed
during this time. It 1s then stored i a room heated
to 50". After this the gelatine is placed in specially
constructed presses where it is formed into sausages,
and it is treated in the same way as the dynamite.
In order to render it insensitive t0 violent shocks—
for instance, gun-shot—it 1s given an addition of
camphor for war purposes. Of course, in this
case special fuse cartridges are necessary for O0X-
plosion purposes. In the place of camphor, pitch,
resin, aniline, diphenylamine, tannin, etc., have heen
proposed.

Generally explosive gelatine 1s composed of 92 per
cent nitro-glycerinc and 8 per cent collodion cotton.
Sometimes a small percentage of the latter isreplaced
by saltpetre.

As explosivegelatine, when stored, sometimes allows
the nitro-glycerine to ooze out, and is of no particular
stability, gelatine dynamite is mostly used for blast-
ing purposes.

Gelatine Dynamite ismanufactured from nitro-gly-
cerine and about 3 per cent collodion cotton by heat-
ing the former in copper pons with water at 97¢ u])to
50"or 60°, and then the nitro-cellulose is mixed in by
hand. After an hour's heating, a syrup-like mass IS
formed with which the zumic powder, composed of

saltpetre, boring dust, and soda is amalgamated. By
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means of a sausage machine with a driving screw,
the gelatine dynamite cartridges are formed.

For the production of gelatine dynamite special
kneading machines are employed, the construction of
which is shown in Fig. 6 (p. 241). It consists of a
wooden frame a, on which o false bottow  can by
means of two screw shafts ¢ be moved higher or lower.
These cateh with nuts d into the side walls fitted
mto the base and continue upwards in plain shafting
to which a bevel wheel ¢ is fixed. A shalt I¥ fixed
above the apparatus by means of two counter bevel
whecls catehes into the shalts. By turning the crank
I the false bottom is raised. On it there is a copper
pan ¢ on four wheels with a water jacket y. At the
top the wooden [rame carries a second shaft & with
o fly wheel, two dises me, n and two bevel wheels o.
These catch into the counter-wheels p which are
fixed to two shafts ¢, carrying finger-shaped mixing
wings » placed cross-wise.  The work is then carried
on in such a manner that the axle with the double
pan is pushed on to the false bottom, where by j it is
warmed to 40°50° ., and pushed upwards until the
wings dip, and these are then set in motion.  After
about an hour the operation i3 finished.  Also the
well-known Werner Pfleiderer kneading machines
are used.

Grelatine dynamite No. 1, which 18 genervally used
for blasting work In Germany, is composed as fol-
lows :—
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Per cent. Per cent, Per cent.
. { 96 lu Nitro-glycerine ,  62-50
65 Gelatine 1 36 Collodion cotton 25
{ 75 Sodium nitrate , 26-25
35 Zumic powder | 24 Sawdust . . 840
l 1 Soda . . 0.35
10000

This gelatine dynamite is called *“Gelignit "

In England gelatine dynamite is preparcd with
80 per ccnt gelittine and 20 per cent zwnic powder.

The weaker kinds of dynamite, Nos. 2 and 3,
are composed of—No. 2, 45 per ccnt gelatine and
55 per cent zumic powder; No. 3, 14 per ccnt nitro-
glycerine and 86 per cent zumic powdw

Zumic powder is prepared in tlic following
manner I —

70 pep cent Sodium nitrate

15 " Sulphur
14 »»  Chareoal
r Soda

Particularly strong dynamites arc obtained hy
an addition of ammonium nitrate, as for instance
ammongelatine, extradynamite, etc., ote.

We have now only lo mention briefly different
dynamites which are uscd in blasting operations or
are recommended lor use. They belong to tho
class of dynamites with chcinicnlly active absorbent,
but cannot well be placed in any ono of tlic three
subdivisions given above. They are :—

Fulminatin, invented by Justus Fachs (inAlt Berau
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in Silesia), which is a mixture of nitro-glycerine with
a combustible organic substance (presumably shearing
wool).

Pantopollit, composed of 20-23 per cent infusorial
earth; 2-3 per cent chalk; 7 per cent heavy
spar and up to 70 per cent of a solution of naph-
thalene in explosive oil.  This explosive was manu-
factured by a Rhenish factory at Opladen. The
naphthalene was said to arrest the unpleasant fumes
resulting from tho explosion. The explosive effect
was good ; however, the smoke and smell resulting
from the discharge of the shot was so unpleasant
that the workmen at once complained of violent head
and chest pains and for a long time could not con-
tinue their work.

Rhexit, invented by C. Diller, contains 64 per cent
nitro-glycerine, 11per cent wood pulp, 7 per cent
wood dust, 18 per cent sodium nitrate.

Meganit of Schuckher & Co., coinposed of 60 per
cent nitro-glycerine, 10 per cent nitrated wood, 10 per
cent nitrated brazil nnt, and 20 per cent sodium
nitrate.

Karbo Dynamite of Reid and Borland—90 per
cent nitro-glycerine, 10 per cant cork charcoal.

Karbonit of Schinidt and Bichel—25 per cent
nitro-glyccrinc, 40-5 per cont wood dust, 34 per cent
sodiwm nitrate, 0-5 per cent sodimn carbonate.

Stonit of Schmidt and Bichel—(8 per cent nitro-
glycerine, 30 per cent kieselguhr, 4 per ccnt wood
dust, 8 per cent potassium nitrate.

Dynamite of Vonges (France)—T75 per cent nitro-
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glycerine, 20-8 per cent randonite (weathered fels-
par), 3.8 per cent quartz, 0.4 per cent magnesiuin
carbonate.

Hercules Powder (America) —40 per ccnt nitro-
glycerine, 45 per cent sodium nitrate, 11 per cent
wood substance, 1 per cent kitchen salt, | per cont
magnesium carbonate.

Vulecan Powder (America)—30 per cent nitro-
glycerine, 52-5 per cent sodium nitrate, 7 per ccnt
sulphur, 10-5 per cent charcoal.

Safety Nitro-Powder (America)—68.-81 per ccnt
nitro-glycerine, 18-35 pet. cent sodium nitrate, 12-84
per cent wood substance.

Judson Powder (America)—5 per cent nitro-gly-
cerine, G4 per cent sodiwm nitrate, 16 per cent
sulphur, 15 per cent cannel coal.

Atlas Powder (America)—75 per cent nitro-gly-
cerine, 2 per cent sodium nit]-ate, 21 pex cent wood
fibre, 2 per cent magnesium carbonate.

Vigorit (America)—75 per cent nifro-glycerine,
4 per ccnt potassium chlorate, 7 per cent potassium
nitrate, 9 per cent wood substance, 5 per cent may-
nesium carbonate.

In addition, particular mention should be made of
the so-called ‘¢ weather dynamites .

The fire-(lanip in coal-mines is a mixture of mine
gas (Methane CH)) with at least 6 parts of air;
mixtures with more mine gas are not explosive. If
such a gas coinbination is ignited, it burns with a
fearful explosion, and this, unfortunately, claims an in-
creasing number of victims every year. Coal-dust,

pooe—
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ioreover, if in the air in a finely divided state, is
easily set five to, and tlic combustion spreads quickly
and takes on the character of an esplosion. The
combustion of such substances can also be brought
about by Dblasting operations as well as by careless
handling of the mine lamps. Therefore, in those
wines in wliicli theve is the danger of fire-damp, or
of coal-dust explosions, the ignition of the dynamite
charge should only be accomplished by means of elec-
tricity, and, then, direct exploding substances, such as
powder, ete., should not be used, as these burn too
slowly, whilst the coal begins to free itself, and as long
as therve 1sa portion of the charge in the bore hole, the
open  combustion thereof can cause an explosion.
Therefore, only explosives such as dynamite of the
strongest kind should be uscd, then the danger is
very considerably minimized, and by careful choice
of the charge, the drawback of the too violent
shattering ol the coal is avoided. Mallard and Le
Chatolier found, further, that all esplosive materials,
the ignition temperature of which were under 2200°,
did not ignite five-damp. To tlicse explosives be-
long all those which contain anunonium nitrate in
large quantities, such ag rvoburite, ammon-gelatine,
bellit, cte.

Tinally, experiments have been made — apart from
the proposals of filling the bore-holes with water, or
putting the cartridges in cases filled with water or
sand, in order theveby to avoid contact of the air
with the explosive flame—nixing with dynamite
soda erystals or sodium sulphate, tlic large amount of
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water of crystallizationvaporizing in an esplosion and
forming a sort of water jacket.

These weather dynawmnites are of the following
compositions : —

Nobel's weather dynamite :—

Nitro-glycerine . . 52 per cent.
Kieselguhr . 14,
Soda crystals . .34,
Ammon-weather dynamite :—
l. IT. IIIL.
Nitro-glycerine . . GO 50 40
Sal ammoniac . . 40 50 GO

These kinds are less certain than soda-weather
dynamite, and in an explosion develop unpleasant
sal ammoniac fumes.

The former applies also to--—

Kubin’s Weather-dynamite :—

1. I1, L.

Nitro-beuzolgelatine . . 30 42 40
Ammonium nitrate . . 40 8 —
Ammonium sulphate . . 30 — 50

The following composition lor weather dynamites
has proved thoroughly reliable, as even when using
1000 g. no explosion resulted :—

Guhr dynaiiiite : —

Explosive Oil . 45 40
Kieselguhr . .12 10
Magnesium sulphate . . 42 19

Soda . .1 1
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Gelatine dynamite :—
| 1L

Explosive oil . . 385 25
Zumic powder . . 18 10
Magnesium sulphate . . 425 64
Soda . .1 1

A drawback, however, of all these dynamites con-
sists in the fact that through the addition of soda,
that is, owing to the water of 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.

Ammongelatine dynamite contains:—

Nitro-glycerine . . 25-30 per cent
Collodion cotton . 1,
Flour (meal) . 10,
Ammonium nitrate . . 40-45 "

These dynamites are much mn use, and by the ad-
dition of cooking salt the security against ignition is
increased,



CHAPTER IS.
LICAD GLYCERIDE (GLYCERINE CEMENT].

Ir has been known lor some time that glycerine
which has been intimately mixed with protoxide of
lead (litharge) results in a mass which, after a short
time, beconies as hard as stone and can be «mployed
for many useful purposes, but particularly for the pro-
duction of very resistant cements. It was first
ascertained by experiments carried out by Morawski
that glycerine with protoxide of lead formed a coin-
bination of a definite constitution—lead glyceride.
The lead glyceride which results from the mixing of
glycerine with protoxide of lead, is of the following
composition C,H,(HPbO,) + H,0 and is crystalline.
The crystals can be obtained in quite a p-re form,
that is, in the shape of very siiiall needles, if to a
solution of protoxide of lead in potash-lye glyccrine
is added.

The behaviour of glycerine cement on treatment
with chemical reagents was tried in such a manner
that parallelipipeds of 3 mm. thickness were made
of the cement and submitted to the action of differ-
ent reagents. Concentrated and diluted acetic acid
easily dissolved the cement after three hours’ action ;

2 O NN



LEAD GLYCERIDE 131

concentrated nitric acid attacks it very slightly,
as the lead nitrate which is so difficult to dissolve
Bindersthe further action of the acid; diluted nitric
acid easily causes the dissolution. Concentrated and
diluted sulphuric acid (1:4) behave in the same
manner as nitric acid.  Muriatic acid, diluted as
well as concentrated, lias scarcely any effect on the
mass; potash-lye soon disintegrates the composi-
tion; ammonia solution hardly affects it.

In order to ascertain the most favourable con-
ditions for the production of the cement between
protoxide and glycerine, bars were prepared froin
different mixtures of the two substances and water,
of exactly similar size (25 mm. long, 11 mm. wide,
and 3 mm. thick), and their solidity determined by
supporting them at each end nnd applying weights
in the centre until they broke. The table on next
page gives the results of these experiments.

A mixture of 50 @. litharge and 5 c.cm. of gly-
cerine results therefore in the most solid cement;
but it is difficult to make, as hardening sets in before
the mixture has been sufficiently mixed by mechanical
means. |t 1S more easy to make such a cenient by
mixing 5 volumes of glycerine with 2 volumes of
wator and of this liquid mix GO c.cm. with 50 g. of
litharge.

This mass very rapidly hardens and after ten
winutes IS already fairly hard, and after three hours
harder than any other; in the course of time, how-
ever, it is exceeded in hardness and solidity by the
cement prepared according to Experiment 9.
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The glycerine cement is a yellow or brownish
mass, which, pressed into moulds and left in these for
some days, fills out the finest hollowings of the mould,
and 1s, therefore, very suitable for coin impressions or
reliefs, wliich are more solid than plaster or cement
casts.

The cement is particularly suitable as foundations
for objects which are of considerable weight, and
which are, therefore, constantly subjected to blows,
for this cement, in spite of the hardness it gains in
course of time, never loses all its elasticity. Founda-
tions of steam engines, stamping machines, etc.,
have thercfore been made of lead-glyceride which is
also nsed for cementing stones. In order to cement
stones, the spaces in question should be smeared over
with concentrated glycerine, then litharge should be
powdered on to them, and the stones tightly pressed
one 0N the other and for some days kept under pres-



CHAPTER X
GLYCERINE AS SOFTENING SUBSTANCIL.

Owing to its high boiling-point, glycerine in itsell
belongs to those substances which evaporate with
great difficulty ; but italso possesses considerable hiy-
groscopic qualities, that is it absorbs water [rom the
air or from those bodies with which it is brought
in contact. Therefore, if a wide vessel containing
glycerine is exposed to the air, the liquid therein
is increased because glycerine draws water [rom
the air.

If, then, a substance which, when exposed to the
air on drying beconies hard and brittle, is mixed witli
a suitable quantity of glycerine, it can be kept solt
and supple for any desired length of time, and should
the substance in question be subject to decay, decay
can be arrested if glycerine is present in large quan-
tities.  If glycerine is used in small quantities only,
decay of the substance in question can also be pre-
vented if in the glycerine an antiseptic subshmnc(*
such as carbolic acid, boric acid, salicylic acid, be (hs-
solved.



GLYCERINE AS SOFITENING SUBSTANCE 135

GLYCHRINE TOR THE PRESERVATION 01 T'URS,
STUFFED ANIMALS, AND ANIMAL "SKINS.

A raw animal skin on being exposed to the air
dries, as is known, to a brittle hard mass; should
the temperature be so low that tlic evaporation of
tho water does not Lake place rapidly enough, then
the skin does not dry, but decays.

If raw animal sking are repeatedly rubbed with
glycerine, then, after long exposure to tlie air, they
not only do not decay, but retain their suppleness; in
the case of heavy animal skins the suppleness is even
increased by glycerine, mid the simple process of
rubbing these raw animal skins with glycerine would
undoubtedly be tlic simplest tanning process, but for
the fact that the application of glycerinefor this pur-
pose is precluded on account of its solubility in water.

For fistance, if a skin which has been rendered
supple by impregnation with glycerine were plunged
in water, owing Lo osmosis there iS an exchange be-
tween blic liquid contained in the tissue of the skin
and the liquid outside, and in this manner the gly-
cerine is extracted again,

IT, therefore, glycerineg cannot be considered as €
mreans of tanning in the real sense of tlie word, yet
it can be used with extraordinary advantage in cor-
tain cases [or the preservation of animal skins.
Furs, and notably valuable furs, ave mostly obtained
fromn small animals (martens), and only tanned with
difficulty on account of the great care to be exercised
m.connection with the huir,
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In most cases people are content with rubbing
the flesh side of the fur with alum and cooking salt,
and accordingly give ita superficial white tanning.
Furs treated in this manner have, however, two
drawbacks—the skin, in spite of the fact that it 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 drawbacks can be remediedin a very simple
manner, if the preservation of the fur isaccomplished
by means of glycerine, and this is carried out in the
following nianner :—

The skinis first placed in water in order to render
it 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 beauty. After this
treatment the fur is 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-
struments as used by tanners lor this purpose and
all particles of flesh and all hard lumps in the skin
removed.

After coiiipletion of this work, the skin is rubbed
on the flesh side with concentrated glycerine, in which
boric acid has been dissolved ; this rubbing is repeated
two or three times and the skin is then hungin a room
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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 adiluted 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-
ine that it will always remain supple, and is
thoroughly protected against decay by the strong
antiseptic action of the boric acid.

In 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 appearance of a fresh skin ; if itisdesired 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 of alum or aluminium.
sulphate, leaving it to dry and then dabbing it over
with a sponge dipped in ammonia. In this way
the aluminium hydroxide is separated from the flesh
side of the skin, which thereby has the appearance of
tawed leather.

In the same manner as for furs can be treated
the skins of animals, which are to be stuffed, such
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as birds, and this process is particularly valuable for
naturalists when travelling, who are not able to
gtuff immediately the skins of animals and birds
caught. If the fresh skins are treated with glycerine
i which for this purpose salicylic acid instead of
boric acid has been dissolved (on account of its power-
ful preserving action) then the skins or birds can,
as soon as they are dried, be packed in boxes and left
there as long as desired. If 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 stitf skin.

GLYCERINE FOR THE PRESERVATION OF WHOLN
ANIMALS.

Glycerine is also of importance to the naturalist
from another point of view, and therefore we tonch on
its value lor natural history purposes. It is known
that soine animals preserved in alcoliol becowme ir-
recognizable in the course of tinie, because the
alcohol dissolves the fat in the body and destroys
the colour. This is particularly noticeable in the
case of some beautifully coloured sea worms and
fish which shrink in alcohol and entirely lose their
colours. We have found that glycerine which is
sufficiently diluted with water, in order that tho
very watery bodies of worms end other molluscs as
well as of fishes should not shrink by the absorp-
tion of the water, IS eminently adaptable for the
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preservation of such animals. For this purpose we
prepare a preserving fiuid according to the following
method :——

Glycerine . . 200 g.
Water . . 800 ,,
Salicylic acid . 4

Tlic glycerine and water mixture is placed in a
bottle into which the powder like salicylic acid is
shaken, and for a week the bottle is shaken several
times a day.

The salicylic acid, wliicli is more easily dissolved
in a liquid containing glycerine than in water, dis-
solves in the diluted glycerine, and this after it has
been filtered can then be used for the preservation of
animals.

The wuse of this liquid for the preservation of
animals has the following advantages : The animals
vemain completely preserved in shape and colour,
both the glycerine and the salicylic acid protect them
against decay. The preserving liquid does not evap-
orate very much, and therefore the sealing of the
vessels 1S not so troublesome as in the case of pre-
parations preserved in alcohol. I a vessel is so
badly closed that after & short time a noticeable
quantity ol the preservation liquid has evaporated,
then all that 1s necessary IS to replace the evaporated
liquid by clean water and to hermetically seal the
vessel.  Formaldehyde (formalin) can be substituted
for salicylic acid.
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grating it. The grease is divided into vcry fine
drops which float about in the liquid and give it a
milky appearance.

By repeated treatment with degras, a certain de-
gree Of suppleness is given to clamois leather, and
presence of alkaline substanccs prevents any specific
odour due to rancidity, as the free fatty acids result-
ing therefrom are at once bound. In spite of this,
chamois leather has a characteristic smell, vcry prob-
ably due to small quantities of volatile latty acids
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 docs
away with the treatment with degras; the leather is
hereby rendered supple, without after some time ag-
suming a strong odour or darkening, as iS more or
less the case with leather which has bcen treated
with degras.

For this and other similar purposes there IS no
need, as will he seen, to use highly purified glycerine
which is absolutely colourlcss and odourless, but a
product may be used that has simply bcen obtained
by means of distillation, and which does not need to
be colourless and odourlcss. With regard to the
latter quality, it must be remarked that there should
be no sniell of acrolein, as this substance even when
largely diluted has a very objectionable odour.

In the manufacture of tawed leather, so-called
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alum leather and glacé leather, degras is substi-
tuted by the so-called ¢ food . This consists of
several very dissimilar substances; fermented grain
(groats) and bran are vcry often mixed with grated
calf's brain and the skin is then impregnated with
this “ food ".

In the manufacture of glaci leather a similar
“{ood” is more often used wliich contains yoke of
egg The doping of skins tanned with alum is ac-
complished by treading witli tlic feet or kneading
with the hands in a flat vat filled with the ¢ food ",

Chemically, the brain and yolk of egg show a
certain similavity because both substances con-
tain a certain quantity of glycerine in addition to
the fat, in the form ol glycero-phosphoric acid, and
inthese cases in addition to the lat it is the gly-
cerine which imparts suppleness to the leather.

The “doping’ which consists of yolkk of egg is
fairly expensive, therefore manufacturers of bleached
(tawed) glacé leather must sell the white of egg
which conies away with the yolk, cither to printing
works or to manufacturers of albumen. As also in
this case it is tlic glycerine to which tlic action of the
doping belongs, this substance can be casily substi-
tuted for the yolk of egg.

Glycerine can best he applied by spreading the
tanncd skin out on a table, so that the side to be
dyed should be underneath, and tlic other side is then
lightly run over with a hbrush dipped in glyccrine.
Each two skins are placed with tlic brushed sides to-
gether, and a weight 1s placed on the skins and they
are left for a few days.
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presence of alkaline substances prevents any specific
odour due to rancidity, as the Iree fatty acids result-
ing therefrom are at once bound. In spite of this,
chamois leather has a characteristic smell, very prob-
ably due to small quantities ol volatile fatty acids
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 some time as-
suming a strong odour or darkening, as is more or
less the case with leather which has been treated
with degras.

For this and other similar purposes there is no
need, as will be seen, to use highly purified glycerine
which is absolutely colourless and odourless, but a
product may be used that has simply becn obtained
by means of distillation, and which does not need to
be colourless and odourless. With regard to the
latter quality, it must be remarked that there should
be no sniell of acrolein, as this substance even when
largely diluted has a very objectionable odour.

In the manufacture of tawed leather, so-called
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alum leather and glacé leather, degras is substi-
tuted by the so-called ¢ food”. This consists of
several very dissimilar substances; fermented grain
(groats) and bran are vcry often mixed with grated
calf's brain and the skin is thcn impregnated with
this “food ".

In the manufacture of glaed leather a similar
“food” is more often used which contains yoke of
egg The doping of skins tanned with aluny is ac-
complished by treading witli the feet or kneading
with the hands in a flat vat filled with the ¢ food ™.

Chemically, the brain and yolk of egg show a
certain similarity because both substances con-
tain a certain quantity of glycerine in addition to
the fat, in the form of glycero-phosphoric wcid, and
inthese cases in addition to tlic fat it is the gly-
cerine which imparts suppleness to the leather.

The ""doping” which consists of yolk of gy is
fairly expensive, therefore manufacturers of bleachad
(tawed) glacé leather must sell the white ol cgg
which comes away with the yolk, either t0 printing
works or to manufacturers of albumen. As also in
this case it is the glyccrine to which the action of the
doping belongs, this substance can be ocasily substi-
tuted for the yolk of egg.

Glycerine can best be applied by spreading the
tanncd skin out on a table, so thitt the side to ho
dyed should Le underneath, and the other side is then
lightly run over with a brush dipped in glycerine.
Hach two skins are placed with the brushed sides to-
gether, and a weight 1s placed on the skins and thoy
are left for a few days.
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During this time the glycerine is evenly absorbed
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, therefore, a
preliminary experiment should be made in ordcr to
ascertain in how far tlic glycerinc should be diluted
so that the leather may attain tlzc necessary degree
of suppleness.

It is, moreover, possible, after the glacé leather has
been dyed, by rubbing glycerine in on tlic non-dyed
side to give it the necessary degrece of suppleness,
and it needs only a simple experiment in order to
determine the quantity of glycerine which is neces-
sary to impart to the leather lasting suppleness and
elasticity .

Glycerine is also of value to manufacturers of
tanned leather because it imparts to this particular
leather a high degree of suppleness. The vamps of
boots which owing to faulty tanning are somewhat
brittle, can be very much improved in quality and
rendered quite supple. To this end the leather. need
only be spread with glycerine on one side, and, if
necessary, this operation can be repeated once or twice.

A heavy red tanned leather such as is used lor
belts possesses the drawback that it has very little
suppleness ; a considerable portion of the power used
to drive machines with belts is lost bccausc tlic belts
only turn round the wheels with stiffness. The
edges also easily fray and after a time split.

These drawbacks can best be remedied by impreg-
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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 so supple
and durable that they even run round wheels of very
slight diameter, without fraying or necessitating any
particular expenditure of force as regards bending or
stretching.



CHAPTER XI.

PREPARATIONS OF 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 swellsmore and more and finally
is transformed into a very voluminous and soft jelly,
which on slight heating melts 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 some 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 (forinstance 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 of 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
case of glue melted with water, and such glycerine

1 A 02N
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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
common joiner's glue and the finest colourless gelatine
resultin preparations of fairly similar 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 masses, 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.

If a sample of glycerine glue prepared in this
manner does not show sufficient firmness on cooling,
then this is aproof that the mass contains too much
water, and by careful evaporation the excess of water
can be removed. 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 takes place where the
flaine touches the 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 sufficiently firm, it is
immediately poured into shapes ready to receive the
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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. In the place of plain water, water
to which a percentage of strong vinegar has been
added may be used, and the first water is poured on
to the glue only three hours later, the second and
subsequent (4-5) waters at intervals of two hours.

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

GrycERINE GELATINE,

This preparation, which is eminently suitable for
the preservation of delicate microscopic preparations
(see p. 140), is obtained as follows: The purest
colourless gelatine is steeped in water for so long
that, after the water is poured off, on heating it just
melts at 100". The steeped gelatine is placed in a
glass, which isput in water and heated until it boils.
As soon as the gelatine has wmelted, concentrated
glycerine is dropped into the liquid and mixed by
stirring with a glass rod, the mass is then poured
into a china cup and left to congeal.

The addition of glycerine is so proportioned that
the congealed mass on heating becomes liquid at
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about 50°; properly prepared in a solid state it is a
perfectly transparent 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
placed on a glass plate, this is heated to 51°-53° and
the preparation to be preserved is pressed into the
melted glycerine glue, when care must be exercised
that thore arc! no air bubbles. After the plate has
been lelt forsone tiinc the glycerine glue thoroughly
hardens and the preparation is embedded therein,
or melted, just as some firin objects are melted into
glass.

It is of importance in the production ol glycerine
glue for microscopic purposes to take care that the
preparation should be as firm as possible, which can
be attained by avoiding any excess of water during
the process; further, the melting-point should not
be higher thann 50°, which can be managed by proper
regulation of the quantity of glycerine. To observe
this condition as regards thé melting-point is neces-
sary, as mn glycerine glue with a high melting-point
delicate plant and anatomical preparations easily
change owing to loss of water.

LY RRINE-GLUE 1ror PrintiNg ROLLERS.

Glue, used for this purpose, should be of a not too
dark average kind, and is mixed with so much glycer-
ine as seems necessary for the roller mass. Roller
material intended for printing needs far less glycerine
than the rollcr mass intended for the transmission
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of ink on to copper printing or lithograph plates,
because, owing to the care which must be exercised
in regard to the plates, no heavy pressure shonld be
used, as in the case of ordinary letter type or wood-
cuts.

The production of glycerine glue for printing
rollers takes place in esactly the same manner as was
described for the preparation of glycerine gelatine,
naturally, less care is necessary in this case than
would be necessary for that delicate preparation. |1
the sample taken from the roller wmass, alter heing
boiled for some time, seems too firm, tlic defect
can be remedied by the addition of glycerine; if it
is too soft it can be steamed, or a certain quantity
of glue can be added which must have been soaked
sufficiently for it to soften. Then the whole mnass
must boil again for a time in order lo bring the
freshly added glue into solution.

The moulding of the glue mass for printing
rollers is accomplished in a simple manner, and to
this end a simple device is used which consists of a
turned cylinder perfectly smooth inside which aleng
its length can be divided into two halves. The
cylinder is closed with a raised bottom and at the
top by means of a ring supporting a cross-picce.
In the bottom there is a square opening, and also the
cross-piece of the ring fitted at the top lias a similar
opening. Through these openings a four-sided rod
of wood is pushed which is fitted at both ends with
round turned handles. Alter the rollcr mould has
been. arranged in this manner and placed in a vertical
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position, the melted roller mass is poured in an even
stream into the hollow ol the mould, so that no air
bubbles form, 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 support; if after much use
the roller is not to be employed any more, tlicn the
ink attaching to the surface is removed, the glue
mass taken from the wooden rod and again melted.

The roller-mass should be of such a quality that it
will easily absorb the ink from the plate on which
it lias been distributed, and on rolling over letter
type, copper, or lithographic plates, should impart it
to these; if bhe ink smears, then it is a proof that
the roller mass contains too much glycerine ; if the
roller does not impart sufficient ink to the printing
type or to the plate, then it contains too little
glycerine.

The same mass which is used for the manufacture
of printing rollers can also be used for producing an
elastic foundation lor the inks employed on hand
presses in printing works for printing ccrtain patterns,
and in this case the glue mass is poured into plates
a few centimetres thick.

HuroroerarE BLocks.

The property of the glycerine glue mass bo absorb
the ink from certain surfaces and impart it to others
under light pressure has been known for sonic time
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and made use of in printing works. If a printed
piece of paper, which has just come froni the press
and the ink on which is still quite damp, is placed on
an elastic foundation, and a clean printing rollcr rolled
over it lightly, then the roller absorbs paxt of the
ink froiii the paper; if this rollcr is then passed over
a sheet of paper which has been damyped, and which
also has an elastic foundation, it imparts to the
paper the ink and a fairly clear impression iS ob-
tained. If rolled over it second, third, ete., sheet of
paper, further but increasingly (ainter umpressions
are obtained from the roller.

Owing to the capacity of tlic glycerine glue mass
to absorb colours from a foundation and to transmit
it to others, it has been successfully uscd for the
copying of documents, and the instruments, with
the help of which such copies have been made,
have been called hectographs (hundred ‘ copiers ™),
as thcy enable up to a hundred legible copies to be
taken.

That this should be possible is again owing to the
wonderful quality of glycerinc, and tlic ink with
which the original matter to be manifolded is
written must also contain glyccrine, and the manu-
facture of such inks will be described later.

Tlic glycerine glue masses, uscd in the making of
hectographs, are obtained in the manner already in-
dicated, and in recipes given lor the making of hecto-
graph blocks, it is often recommended to use the
best gelatine. It is, however, quite superfluous to
use very expensive gelatine, as with ordinary glue of
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a good quality, for instance, so-called size, hectograph
blocks can be inadc which, as regards copying
capacity, are equally as satisfactory its those made
with the application of gelatine.

Hectograph blocks corresponding to all require-
ments can, therefore, easily be iiiade by soaking the
gize in water, adding glycerine, and allowing the
mass to solidify; the addition of glycerine should be
so proportioned that on cooling a product is obtained
having the consistency of a very soft vulcanized
rubbér, and which on touching seems somewhat
claminy. It size is employed the hectograph block
obtained has an amber- or honey-yellow colour.

These hiectographs, before they are poured into the
shallow metal vessels used for this purpose, should be
warmed for some hours to such an extent that they
just remain in a thin liquid state. During this pro-
cess all the foreign substances contained in the glue,
as well as those parts of the glue which only soften
hut do not dissolve, settle at tlie bottom of the
vesscl and, by slowly pouring off, the solution can be
separated from the sediment.

As already mentioned, it is sufficient to impart to
the glycerine glue such a consistency that it is
similar to soft rubber, and it thcn depends only on the
quality of the ink with which the original is written,
as t0 whether several or only a small number of
copies can be obtained. 1n general, however, it can
be taken that a firmer and less elastic hectograph
mass gives a'lesser number of copies, all of which
are very clear, whereas from a softer hectograph
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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 clearly. Such substances
are, for example, finely ground heavy spar and
zinc white: but there is not much object in this
because it is not a question of reading the writing
transmitted to the hectographs but oi reading the
copies taken from it.

Moreover, the addition of such substances has
certain drawbacks as to the clearness of the copies.
Under all circumstances the clearest and iiiost numer-
ous impressions are obtained when the hectograph
inass is composed of glycerine and glue only. We
will now give some formule for the making ol these
hectograph. masses : —

SimrLE HucToRAPE BLOCKS.

A
Bize . . 100 g.
Glycerine at 28° Beaumé . . 500 ,,
B.
Size . . 100
Glycerine at 28° Beaumé . . 400 ,,

Watey . 200,
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CHROMOGRAPH MASSES

are hectograph masses with additions of white
substances which enable the writing to stand out
more clearly, and also facilitate the washing away
of the characters. Heavy spar must be used either
in the form of the finest powder, or, still better, very
finely divided barium sulphate should be used, which
can be obtained by means of precipitation of a solu-
tion of barium chloride with sulphuric acid and
washing the deposit.

A.
Size . . 100¢.
Barium sulphate (wet) . . 05 1
Dextrin . . 10g
Glyccrino . . 1000-1200 g-

Dextrin and size are dissolved together, then the
glyccrine, and finally barium sulphate added, and the
mass iS pourcd into moulds. I an insufficient
number of copies results, or if the writing can only
be washed off with difficulty, thcn a inass of the
proper quality can be obtained hy melting it again
and adding glycerine.

13.
Size - 100¢g.
Baryta precipitate . 0-5 1.
Glycerine . . 1200 g.
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C.
The French Ministry for Public Works recom-
mends the following :—

Glue . . loo$
Glycerine . . 500 ,,
Finost powdered heavy spar or cleansed

kaolin . .20,
Water . 375

HrorooRAPH MASSES ACCORDING TO WORTHA,

Gelatine : 100 g.
Dextrin . . 100 ,,
Glycerine . . 1000 ¢.cm.
Barium sulphate . 80 g.

Hectograph sheets which arc intended to be used
only once can be obtaincd by pouring the liqud
hectograph mass on to a smooth horizontally placcd
glass plate, and transferring it to porous paper
before hardening, by pressing it and avoiding the
formation of air bubbles. Papcer and mass com-
bine and can be drawn off. T’hc surface of these
hectograph sheets is very smooth, and for this reason
it is eminently suitable for the transmission of writ-
ings, drawings, ete., with vecry fine lines.



CHAPTER XII.

JLYCERINE APPLIED TO THE MANUFACTURE OW
INKS.

1. Hucroarare INKS.

IN order to s tlie characters on the hectograph nmiass
for subsequent removal, inks of suitable quality must
be used. These must be so constituted that they can
be taken by the paper from the hectograph mass and
adhere firmly to the surface of the latter. The
particles of the ink should be so fluid that they
are able to pass {romn the absorbing block on to the
paper laid on it.

As the richest colouring mnatters are used for the
production of hectograph inks, only a small portion
of tho colour isabsorbed by the paper, and by laying
on {resh sheets ink is again absorbed, so that, as al-
ready mentioned, hundreds of copies can be taken of
an original. Tho later copies are of course always
fainter and fainter, till finally no more copies can be
taken, although tlic characters on the surface of the
hectograph are still quite clcar. As much of the
writing has then been absorbed by the paper as is
possible froin the hectograph block ; the attractive

1M KRT7N
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power exercised by the hectograph mass on the ink
is just as strong as that exercised by the paper, and,
therefore, no further copies can be taken.

In order to obtain good hectographinli, two points
must be taken into consideration—the colouring
matter contained in the ink must be very intense
and the inli should never altogether dry up as
otherwise the mobility of the particles is paralysed.
Therefore, forthe 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 form of concentrated solu-
tions to which glycerine is added in order t0 prevent
drying up of the inli.

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

Therefore, in the production of hectograph inks,
the best method is to place the weighed-out colouring
matter in a china moxrtar, pour over it the reqyuisite
amount of glycerine, and mix the colouring matter
with the glycerine by means of the pestle. After
this has been done for some time, so that no grains
are noticed in the mixture, the mortar is heated
to 50°-60° C. and thereby the colouring matter is
brought into thorough solution, as warm glyccrinc
dissolves far more of it.

If aniline colouring matter soluble in water, for
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instance water-soluble blue (alkali 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 to 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 water to the ex-
tent that it 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 reason that inks contain-
ing too niuch alcohol thicken so much in the process
of writing, owing to the volatility of the alcohol, that
it is not possible to write fine characters with it.

PRESCRIPTIONS FOR VARIOUS COLOURED HRCTOGRATH

Inks.
Thin blue inks -—
Water-soluble blue . 10g.
Glycerine . 10,
Water . . 50-100 ,,

These are made by simply warming the substancesand
stirring.

Violet hectograph ink —

A.
Methy! violet 10 g
Diluted acetic acid . 5,
Strong alcohol 10 ,
Water 10 ,,
Glycerine 5,
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Owingto the acetic acid it contains, this ink spoils
steel nibs and soon makes them blunt; a more
suitable recipe for violet ink is the following :—

B.
Methyl violet . . 10g.
Alcohol . 10 ,,
Gum . .10,
Glycerine . .15,
Water 70 ,,

All the ingredients are placed in a Iong -necked
glass flask, constantly shaken and warmed for two
hours up toabout 60° C., and then leftto cool. After
standing for some time the solution is poured off
from the sediment.

Red hectograpl ink -—

Diamond fuchsin . , 10 g
Alcohol . .10,
Acetic acid . .25,
Glycerine . .10,
W‘&tel‘ . . 70 I

The inethod of preparation is the same as in the
case of the violet ink 13.
Another recipe is as follows :—

Diamond fuchsin . , log.
Alcohol . .10,
Glycerine ; . 10,
Water . 50 ,,

This prescription in particular results in m]\s which
give a large number of clcar impressions.
Green hectograph inli is produced in the same
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manner as the other inks described, by adding water-
soluble blue and picric acid to a liquid composed of
alcoliol, water, and glycerine.

Green hectograph ink -—

Water-soluble blue . 10a.
Picric acid . . 1o,
Alcohol (90 per cent) . . 30 ,,
Glycerine . . 10 ,,
Water . 30

According to whether more or less plcrlc acid
is used, a lighter or darker green 18 obtained.

Black Acectograph ink =—

Nigrosin or aniline black isinsoluble in water. In
order to produce a black hectograph ink, methyl
violet and nigrosin are mixed and then treated with
alcohol and glycerine, A prescription which is re-
commended is as follows :—

Methyl violct . . 10 g
Nigrosin . 20 ,,
Alcohol . . 60,
Glycerine . 80,
Gum . 5,

According t0 Buchhaister, black hectograph ink
can be prepared in the following manner :

Nigrosin . 1bg.
Methylmed spirits . . 40,

Glycerine , . 100 ,,
Acetic acid . .. . 5,
Water . . 500,

The Hschster dye works recommend the follow-
ing dyes for the preparation of hcctograph inks :—
11
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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 . Auramin

9. CoryiNg INKS.

Copying inks are thosc inks which allow at least
one very clear copy to be taken of tlic docuinent
written with them ; these inks are mostly used in
business, in those cases wlierc only one copy of tlic
document is needed.

The preparation of copying inks has been looked
upon as very difficult of accomplishment ; 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 porous
sheet of paper is placed on tlic document, should so
soften again that part of the ink is absorbed by the
paper.

Formerly, copying inks were made by mixing with
the ink, extract of logwood and grape sugar, two
substances with very strong water-attracting qual-
ities.  This hygroscopic quality prevented entire
drying of the characters, and therefore after a time
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 simple
matter, and every ink by the addition of glycerine
can at 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 of time the ink is
required to remain capable of copying.

The more glycerine added to an ink the longer
will the documents remain damp, and the copying
capacity is of longer duration. In order quickly to
determine the requisite amount of glyccrine lor a
particular ink, it is advisable to divide the ink into
several equal parts—ahout a teaspoonful-—the first
part should be mixed with 6, the second with 10,
the third with 14 drops of glycerine, etc. With
each of these samples a line should be written on
the same piece of paper, and then aftera time a copy
should be taken of this sheet of paper. The sample
which results in the best copy is prepared in the
right proportion, and then the whole mass can be
mixed with the cquivalent quantity of glycerine.

Gryernint Corving INK.

Logwood extract . . 100 g.
Sulphate of iron . 4 ,,
Potassium chromatc N
Indigo carmine 8 .,
Glycerine . 10
Water . . 500 ,,

This excellcnt copying ink may be prepared by
dissolving the logwood extract at the same time
with the sulphate of iron and potassium chromate
in water, and mixing with the solution the gly-
cerine and indigo carmine. Glycerine, itself a liquid,
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has only a slightly thickening effect on the ink; this
differs, therefore, advantageously from 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 remains damp for
some lime.

Corying INK ACCORDING TO BSTTGHR

Bottger’s composition for a copying ink is given
as follows :—

Logwood extract . 64 g.
Soda . 16
Potassium chromate . 2,
Glycerine . 64,
Gum . 16
Water . . 270 ,,

The logwood extract is dissolved at the same time
as the soda in water, glycerine and gum are added
and, finally, potassium chromate, dissolved in a very
little water (hot),is added to the liquid and stirred,
and it can at once be taken into use.

This copying ink is of such a capacity that we
were able without using a press to take three copies
of the original document simply by pressure of the
hand; in the copying press, that 1s under strong
pressure, another two good copies were obtained.
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LOGWOOD COPYING INK.

Extract of Logwood
Vinegar

Water

Sulphate of iron
Alum

Gum

Sugar

Glycerine

4-6 ,,

Logwood copying ink according to Buchhmster —

50 parts of logwood extract

6 .,  oxalic acid

35 ,»  alum, dissolved in
1000 ,»  water (cold) and

10 ,, glycerine are added.

It is Iclt to settle, boiled, and 60 parts of pyroxylic
acid are added, and it is again clarified by settling.

Brrminamam Corving INx.

Solution of logwood extract .
Dextrin

Alum

Verdigris

Oxalic acid .

Glycerine

650 g.
30,
33,

025

2,

. 721,

The addition of glyccrine is increased if the ink

is to be used for copying after some time.

Annrind’s Corving INk.

For copying without the use of a copying press :—
Ten volumes of ordinary ink should be evaporated to
sis volumes and then over lour volumes ol glycerine
should be added. 13y merely placing the copy paper
thereon, the writing 1s copied, but very easily smears.



CHAPTER XIIL

Tunr property of glycerine easily to dissolve a large
number of substances which are only dissolved with
difficulty otherwise, renders the application of glycer-
ine of great use in many trades. As has already
been iiientioned, when describing the qualities of
glycerine, it possesses the propcrty of dissolving
easily so-called aniline dyes, which are mostly only
soluble in strong alcohol, and this property finds
extensive application in dye works as well as in
printing works.

IT, for instance, in printing works aniline dyes are
to be used which are only dissolved in alcohol, certain
difficulties, 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 can immediately be remedied, by
substituting glycerine for the alcohol as the solvent of
the aniline dye. In order to dissolve the colouring
matter, first of all a siiiall amount of glycerine should
be poured over it in order to prevent the finely

FE NIV
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divided dye scattering as dust, so unpleasant in the
case of very deep dyes, and the dye should be mixed
with the glycerine to aneven paste. This should be
stirred constantly and as much glycerine added as is
necessary to effect the solution, and then this solution
can by stirring be intimately mixed with the thick-
ening substance whether dextrin, gum solution,
tragacanth 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
same on drying, neither dries nor crumbles, and en-
ables the printing of the particular dye on the tissue
io be accomplished with great facility.

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

I
Fuchsin 012 kg.
Glycerine . 100 ,,
Water . 1.00 ,,
Gumni arabicum . . 084 ,,
IT.
Albumin . 3.50 kg.
Water . . 3:50

In dyeing works in which either yarns or already
finished textures are to be dyed with aniline dyes,
the dye is brought into solution by boiling with
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alcohol, and these solutions are used for dyeing in
suitable dilution.

GLYCERINE FOR THE EXTRACTION oF Prrrumzs.

A very important application of glycerine is in
obtaining certain substances used in perfumery ;
the iiiost important ingredients in perfumery are, as
is well known, the essential oils lound in sweet-
smelling plants.  The quantities of ethereal oils
found in plants are so small in the case ol the most
valuable, and the separation of them accompanied
with so many difficulties, that these oils belong to
the inost expensive substances knowmn. Although
certain plants containing these ethereal oils are ex-
tensively cultivated in certain districts (for instance
in the south of Prance, in tlie surroundingsof Cannes,
Nice, etc.), the demand for genuine ethereal oils
(violet, mignonette oil, orange flower oil, acacia
larnesiana oil, etc.) obtained from flowers is so great
that the exceedingly high prices wliicli are asked for
these oils are still rising.

Glycerine is an excellent means 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 eminently adapted for
the extraction of all sweet-smelling substances from
parts of 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 :—
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The blossonis are collected in a fresh condition, and
any green, leaf-like parts removed as far as possible ;
they are then placed in a vessel and concentrated
glycerine is poured over them. With regard to the
kind of glycerine to be used lor this purpose, the
greatest attention wust be paid to tlie fact that only
such glycerine is used wliicli on caretul examination
is proved to be absolutely free from any odour.

The kind of vessels used lor this extraction pro-
cess by means of glycerine depends upon the scale
of the work ; on a simall scale, pot-shaped vessels of
good stoneware are uscd, and for the treatment of
large quantities of flowers, wooden vats of corre-
sponding size, the interior of which lias been coated
with paratfin, arc used.

The paraffining of tho wooden vessels is accom-
plished in tho following manner : After Ilie vessel lias
stood for some days in a dvy room, the interior is
coated witli melted paraffin wliicli has becn heated
to 150° C., and this coating is repeated lor so long as
the wood will still absorb paraftin. By this means
the wood is protected against tlic: penetration of any
liquids, and vessels treated in this manner cnn easily
be cleaned by washing and brushing witli warm
water.

It should be observed in this connection that when
it is a question ol paraffining wooden vessels for the
purpose under discussion, great carve should be taken
that only an absolutely pure and, in particular,
odourlcss paraffin is used {or impregnation as, other-
wise, tlie smell attaching to infevior paraftin may be
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imparted 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 until it rises
a few centimetres above tlie cover.  AS the flowers
contain a good deal of water, tlic glycerine is strongly
diluted by tlie water absorbed from these flowers,
and the vegetable substance contracts.

This placing of fresh flowers into the vessel con-
tinues for as long as there is a supply of them ; on
adding fresh lots the wooden cover is removed, and
the fresh flowers are evenly distributed on those
alresdy in the vessel, the cover is replaced again,
and so much glycerine added nntil again it stands
some centimetres above the cover.

‘When the vessel is full, it can remain standing
until the further work is proceeded with, the portions
of the plant being perfectly preserved by the glycerine
and decomposition is not likely to set in. The time
necessary for complete extraction 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 has been
placed in the vessel, tlie glycerine can be treated.

To this end, u wooden cock fixed ai; the bottom of
the vat is opened and reniains open for as long as
glycerine flows out; if stoneware vessels are being
used, these are turned upside clown and the gly-
cerine trickles out. This glycerine smells very strongly
of the plant substance which was soaked in the vessel,
and is also dyed with the colouring niatter absorbed
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from the flowers, and carries away with it small
particles of the petals, etc.

In order to obtain a clear solution, this glycerine
which flows out of the vessels is filtered through a
thickly woven cloth into the vessel destined for its
reception. The particles remaining in the extraction
vessels contain considerable quantities of glycerine
which can be obtained by pressure. To this end
the pap-like mass 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
more 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
effect on the aroma of the essential oils ; therefore,
once the work is commenced it 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 articles of perfumery ; if, for instance, a
suitable quantity thereof is mixed with a thoroughly
neutral fat, a pomade 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, and this mixture is milled by
means of the well-known mixing apparatus, the re-
sult of this simple work is that some of the finest
toilet soaps with exquisite aroma are obtained.

E
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By a careful addition of water to this perfume
solution in glycerine, the former can be diluted to a
certain extent, without the liquid losing anything of
its clearness; but if this addition of water goes be-
yond a certain extentthe liquid commences to opalesce
and on adding more water becomes sometimes quite
muddy; 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 much water is
added.

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

Rut in many cases it is a question of obtaining
these aromatic substances in an absolutely pure state,
and in this connection the glycerine solutions are
treated in the following manner :—

The glycerine which has been drawn. off {rom the
flowers nnd filtered is placed in large glass bottles,
closed with corkswhich are most carefully fitted into
the necks o the bottles. Before the glycerine is
placed in these bottles, so much pure benzol is placed
in them until they are filled with it to about one
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quarter of their volume and then so much glycerine
is poured in until they are three quarters filled. Tt
is of importance that the benzol should be poured in
the bottles hefore the glycerine so that thesc botiles
should be filled with the vapour ol the benzol, and
on adding the glycerine the greater part of the air
which was contained in the bottle is forcad oul by
the benzol. _

After the bottles have been closed, they awre well
shaken, so that the glycerine mixes with the benzol,
and this shaking is repeated daily several limes.
After several days the greater part of tho aromatic
substance has been dissolved in the benzol which
floats on the glycerine (insoluble in benzol); the
glycerine, however, obstinately retains part of the
aromatic substances, which cannot be extracted cven
by repeated treatment with benzol.

The solution of aromatic substances in benzol
is separated by pouring off from the glycerine, placing
it in a distilling apparatus, and heating to the boiling-
point of the benzol, when the latter distils over and
the aromatic substances remain in the distilling
apparatus. They still contain traces of benzol and
these are removed by introducing a stream of car-
bonic acid divided into very fine jets, which carries
away the traces of benzol in the form of vapour and
leaves the aromatic substances quite pure.

In this manner aromatic substances can be ob-
tained [rom hyacinths, violets, lilies of the valley and
certain sweet-smelling orchids of our woods, mignon-
ette, roses, etc., in short, the most exquisitc aro-
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matic substances of the plant world can be obtained,
and forthisreason glycerine deserves the consideration
of all those interested in the production of perfumes
and particularly in obtaining essential oils froin fresh
flowers. It is a fact, however, that this process
which, under certain circumstances, is so highly to be
recommended, is hardly resorted to at all in practice.

GLYCERINI USED IN THE PREPARATION O
COSMETICS.

Ainong the numerous preparations sold to the public
under the name of ¢ beautifiers’’ or cosinetics by per-
fumery manufacturers, glycerinc ranks as one of the
first, as, it properly applied, it possesses tlic quality of
imparting to the skin brilliance, softness, and delicate
colour.

The proper method of application of glycerine in
connection with the care of the skin is not in a con-
centrated forin, but diluted with a suitable quantity
of water. If concentrated glycerine is brought in
contact with parts of the body which arc covered
with delicate skin—for instance, the lips or finger
tips, there is immediately a strong sensation of
warmth due to absorption by glycerine of the water
in the skin.

By the sudden absorption of this water, the skin is
easily injured, the soft cells forming the tissue of the
lip skin arc killed, thcy shrink and peel off as soon as
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
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¢Killed,” this preparation should always be diluted
with water before application.

Most astonishing is the action of glycerine on a
skin which has been strongly tanned by the sun;
whereas it would otherwise take scveral weeks before
a skin tanned by the sun is bleached again, the appli-
cation of glycerine bleaches it in a Sew days.

The action of glycerine in most cases is easily
explained by its wonderful solvent action on the
most varied substances. This tanning of the skin by
the rays of the sun is to bo ascribed to a deposit of
colouring matter in ccrtain cells of the skin. If
glycerine is rubbed into the skin, it penetrates very
deep into the tissues and dissolves the colonring
matter ; by subsequent washing, the glycerine ab-
sorbed by the skin is removed for the greater part,
and at the same time the dissolved colonring matter
is washed away, so that in a short time the skin is
bleached again.

Glycerine for cosmetic purposes can be prepared
in various manners and made aromatic by mixing it,
lor instance, with orange-flower water, or with water
and eau de Cologne, ctc.; or also by mixing glycerine
with aromatic flowers in the same way as has been
described in the preceding section. All these addi-
tions are of no cosmetic value, this is to be attributed
to glyccrine alone : aromatic substances merely
render the application of glycerine more pleasant.

As glycerine removes the colouring matter due to
the action of the sun’s rays, so it can also remedy
certain blemishes of the skin which arc also due to
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deposits of colouring matter, as, for instance, moles
and freckles, and if it does not remove them alto-
gether, at anyrate they are diminished, as glycerine is
a solvent for these colouring matters.

An already clear and delicate skin is enhanced
both as to freshness and smoothness by tlic applica-
tion of glycerine, a phenomenon which can be
explained by the fact that the cclls of the outer skin
attain a higher degree of transparency owing to the
action of the glycerine, and the faint pink of those
parts under the upper skin is made more distinct.

For the softening ol and rapid removal of horny
substances in the skin, such as, for instance, are
formed on hands owing to some unusual work, gly-
cerine is eminently suitable, as after repeated rubbing
of these thick horny cells ol which these disfigure-
ments are formed, much glycerine is absorbed, and
consequently they becoine so soft that by scraping
them with a file made of sharks' skin or with a
blunt linife, the greater part of this horny substance
can be removed.

Diluted glycerine is cxccllent tor the hair and skin.
Some people complain a great deal of dandruff, which
is to be attributed to the dying of the upper layer of
the skin. By washing the head with diluted glycerine
this drawback is remedied in tho case of many
people, as owing to the water-attracting and softening
action of glycerine, this peeling oft of the upper skin
is prevented.

We now give it nunber of prescriptions for the
preparation of 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, & Son,
London.

GrycrriNE EMULSIONS.

A. Glycerine Creams —

Glycerine . . 25049
Almond oil . . 400,
Rose-water . . 350,,
Spermaceti . . 100,,
Rose oil . . 4,
Wax . . 32w

Wax and spermaceti are melted at a gentle heat,
first of all the almond oil is added, then the glycerine
mixed with the rose-water, and finally rose oi1, which
can be replaced by some other sweet-smelling oil or
compound perfume. F the preparation is to be used
in the swmmmer, it is as well to increase the wax by
half, for this imparts more consistency to the whole
mass.

B. Glycerine jelly :—

Glycerine . . 1kg.
Almond oil . - 3.5,
Soap . . 1500.
Orange oil .10,
Oil of thyme . . 2

Soap is mixed with glycerine, then gradually the

oil and finally tlic aromatic substances are added.
10
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REMEDY FOR BRITTLENESS OF THE HAIR.

Glycerine . . 24Q.
Water . . 11
Rose-water . 1,

Colour pale red with cochineal.

KALODERM,
Wheat flour . a kg
Almond paste 05 ,
Orris root 05 ,,
Essence of rose 05
Glycerine 02 ,

are mixed to a paste, diluted with water, and then
applied to the skin.

Pdte aw Musc (for a hand wash) :— e
Powdered white soap . .1 ka
Orris root . . 025,
Stareh meal . . ¢ . 0.25,,
Oil of lemon . .20,
Neroli oil L0,
Essence of musk . . 005 L
Glycerine . 040 |,

Boil until it forins an even paste, then fill into flat
porcelain jurs.

Eaw glycerinée auz cantharides (glycerine can-
tharides water)

Ammonia pura Liguide | . . 100g.
Tincture of cantherides . . 100
Rosemary water . . 81
Glycerine . . 800 g.

Rose oil . .20,
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The tincture of cantharides is prepared by di-
gesting 50 g¢. of powdered Spanish fly (Lytta-
vessicatoria) With 11. 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 combined, inasmuch as it has a
cleansing effect on tho hair and at the same time
imparts softness.

Preparations which have been in use for years are
glycerine jellies. These have the advantage over
lanoline that they are niore economical, 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 as they are more easy to manipulate.

A good prescription for these glycerine jellies is as
follows : —

Finest white tragacanth powder . 50 g. damped with
Alcohol . . 100,, and
Glycerine . 200 )

and thoroughly shaken; then quickly mixed with
650 g. of water (warmed and distilled) and again
shaken. TImmediately o transparent jelly is formed
which can at; once be bottled.

GLYCERINE CRIAMS,

A. Glycerine creany :—

Almond oil . 1 kg
Wax . . 70 g
Spermaceti . . 70,
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GryceriNnm CREAMS—(cont.)

Glyoerine . . 200 g.
Bergamot oil : . 20,
Lemonoil . 20,
Geranium oil . . 20,
Neroli oil . . 10,
Cinnamon oil . . 10,
Rose-water . . 500 ,,

B. Glycerine cold cream :—

Almond oil . 1 kg.
Wax . . 130 ¢.
Spermaceti . . 130 ,,
Glycerine . . 250 ,,
Rosa oil . .10,
Civet . 2,

PREPARATION OF HAIR PRTROLREUM.
For the preparation of hair petroleum the follow-
ing prescription is given :—

Best petroleum (American Kaiser oil) . 6 kg.
Tincture of nettles (obtained from 2 ltg.
of uettle root, 7 kg. of aleohol, and 3

kg. of distilled water) : . 10,
Glycerine . .6,
Alcohol . .48,
Distilled water . . 40,
Essential oil for perfuming . .2,

The petroleuiii which has previously been per-
fumed is niixed with alcohol at 96 per cent, and both
are heated almost to boiling temperature in order to
obtain thorough mixing end solution. After 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, and also loosens tlie thrown-
off epidermis in the form of dandruff, and impartsto

the hair brilliance and suppleness.




CHAPTER XIV
VARIOUS APPLICATIONS OF GLYCKRINI,.
GLYCERINE USED IN THI MANUFACGITURE OF SOAD.

Soaps which are prepared according to the old pro-
cess conbain only very little glycorine; the manulac-
ture of these soaps (curd soaps) is accomplished by
saponifying the fat with lye previously obtained from
wood ashes (potash lye), and the soap so fovmed is
by the addition of cooking salt transformed into soda
soap, and this, by adding an excess of cooking salt, is
separated (salted out).

In this method of manufacture nearly all the gly-
cerine which results {rom the decomposition of the
fat goes into the lye underncath, and cven now is
often thrown away and not used. 'These soaps
which in stearic acid manufactories are obtained by
saponification of the oleic acid with soda lye contain
no glycerine on account of the method of prepara-
tion.

Since soap has been made by direet saponifica-
tion of fat with concentrated soda lye, it has been
possible to impart to it, in spite of the high contents

of water, a sutficient degroe of hardness, and therefore
711 OYON
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the whole salting out process can be dispensed 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 effect on the skin, be-
cause the glycerine contained in the soap easily
penetrates into the tissue of the skin arid imparts to it
softness and suppleness.

If to an ordinary soap (tallow curd soap) glycerine
is added anti the soap melted with this, the result is
a product, which, as regards suitability for toilet pur-
poses, has a distinct advantage over ordinary curd
soaps. A certain quantity of glycerine in a soap
renders it easily soluble in water and hereby causes
a good lather, and, furthermore, imparts to the soap
a nice transparent appearance.

As is already known, glycerine soaps can now
be obtained quite cheaply, they are quite transparent,
and look almost like yellow glass, and also have the
quality of making a good lather.

Before glycerine was applied in soap-making,
transparent soaps could only be obtained by dissolv-
ing perfectly dry soaps in aleohol, and tho alcohol
was then distilled from the scap. These soaps were
certainly very transparent, but on account of the
small percentage of water contained, were only dis-
solved with difficulty and, therefore, hardly suitable
for toilet purposes, and moreover — owing to the
troublesome preparation — could only be obtained at
fairly high prices,
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Xow hardly any transparent soaps arc made in
this manner, but for this purpose glycerine is ex-
clusively used, which also possesses the advantage
that by dissolving the colouring niatter in the gly-
cerine it imparts nice colours to the transparent
soap.

IT to heated glycerine, which has been diluted with
about one third of its voluiiie of water, as much finely
cut soap is added as can be dissolved therein, without
the niass on cooling becoining hard, a product is the
result which in the trade is known under the name
o ¢ Liquid Glycerine Soap™ or * Glycerine Cream ”
and, coloured and scented in various manners, forms
a very valuable toilet adjunct.

F in the process of soap making pure glycerine
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 beautify the skin
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 the glycer-
ine, and merely combining this solution with soap.
In order, however, to obtain the better quality
glycerine soaps, there is a special process, and this is
carried out either by adding end stirring the appro-
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
method is resorted to, soaps are made the trans-
parency of which is similarto that of a dimmed glass ;
with the latter, however, and the exercise of care,
such soaps can be made which are perlectly trans-
parent, and if no colouring matter is added they have
the appearance of yellow glass.

It is anfortunately impossible to discuss in detail
in this work, wliich is dedicated to the application
and properties of glycerine, the very extensive and
important application of glycerine to toilet soap manu-
facture. Those who are interested in this subject
and would like further details should read the
work on ¢« Soaps” by G. H. Hurst, published
by Scott, Greenwood & Son, London. Here we can
only give a few indications as to the production of
glycerine soaps.

F it isintended to make glycerine soaps by direct
saponification—crutching—then the fillingsubstances,
glycerine and sugar, shonld bc added to the soap
mass immediately after saponification.

The production of soap by direct stirring with
glycerine has been modified, in such a manner that
& soapis obtained which is filled, coloured, and scented
and further has a very high degree of transparency.
The process used is the following :—
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Refined tallow. . . 80 Kkg.
Coconut oil . . 40 ,,
Hog's lard . . 80,
Soda lye 40° Bé . . 90,
Potash lye 40'Bé . . 10,
Glycerine 28° Bé . .20,

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; through 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 socaps, 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 means of lime, not that prepared from wood ashes
but that froin potash, as lye obtained from 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. In this the
potassium carbonate only is principally dissolved, as
the foreign salts remain undissolved. The solution
is separated from 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 glycerine
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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 matter 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. and the colouring matter (fuchsine red, methyl
violet, iodide green, etc.) in solid form is added ;
by stirring with a pestle it is spr.ad throngh the
liquid, and solution follows in a very short time.
Atter the glycerine has cooled again, the aromatic
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 stirred with a glass rod and mixed with the
remaining glycerine.

Then so much lye is placed in the pan that it
stands about a hand high, and it is heated to about
LOO' C., when the fat is added, and by the movement
ot the stirring device it melts on the hot liquid.
When all the fat is melted, all the lye is poured in in
a thin stream and constantly stirred, and this heating
and stirring ore continued for so long until the soap
shows the requisite quality. If too thick, owing to
strong evaporation of the water, this can be remedied
by adding and stirring in the necessary quantity of
hot water,
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The soap still under the process of stirring is allowed
to cool as much as possible without it thickening,
and then the glycerine, that is the solution of colour-
ing matter and perfume in glyceriiic, is slowly poured
in and mixed with the soap by constant stirring.
The whole work is easy of accomplishment, if care is
taken that the stirring apparatus moves easily and 1is
in good working order, as otherwise constant stirring
is certainly a very tiring process.

The soap, now finished, is placed in cake moulds
and in these left to cool slowly. The longer the cool-
ing takes place the more transparent will the soap
be; as these soapscontain dissolved substances only,
there is no reason to fear separation of tlic colouring
matter, and the finished cake of soap has an cven
appearance.

F glycerine soap is to be made by remelting, first
of all water is placed in the pan, this is hcated, the
pieces of soap are added, mixed by stirring with the
water, and as regards the addition of glycerine, colour-
ing, and aromatic substances, the same process is
followed as above described.

PropucTion or TRANSPARBNT GLYCHRING SOADS.

Ordinary soaps are not transparent, or only faintly
so, as the sodium salts of the fatty acids are present
I a crystallized state, and the crystals reflect the
light in different directions. Snow which congigts of
colourless ice crystals appears white and non-trans-
parent as the surfaces of the crystals reflect the 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 soapis 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
makes the soap softer and, being itself a substance
easily dissolved in water, increases the solubility
of the soap.

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
crumble to dust on being pressed between the fingers,
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which can be taken as a proof that tlic soap 1s al-
solutely free from water.

The dry shavings are then taken from the drying-
room and placed in the retort of a distilling apparatus,
the head of the latter is fixed on and 90 per cent
alcohol poured into the retort. Tlic stirving device
of the distilling appsratus is set in mnotion, and the
contents of the retort slowly heated until it boils,
when the soap is dissolved in tlic alcohol into a paste-
like mass. The evaporating alcohol is condensed in
the cooling coil of the distilling apparatus and caught
in a bottle placed before the opening of the coil.

As soon as it is certain tlist all the soap has been
dissolved, the glycerine mixed witli the colouring
matter and perfume is introduced into the retort
through a tube fittcd into the head, and mixed with
the soap paste by constant stirting. The heating s
continued until all the alcohol used for dissolving
the soap is distilled off, the soap is then run into
moulds in which it rapidly solidifies.!

If the operation is carried out in the proper
manner (the essential point is that the soap should
be free from water and absolutely dissolved in the
alcohol) it is perfectly transparent in the moulds.

According to the modern and now universally
adopted practice, the saponification iS auccomplished
solely with soda lye, the latty ingredients consist
mostly of: tallow, coconut, and castor oil, and oc-
casionally, in order to obtain hard soaps, stearine is

(Translator’s Note.—1t 1s impossible to distil off nll the aleohol
from the soap.)
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also added. It 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 o sugar and
glycerine in distilled water, to which half the amount
of methylated spirits has been added, is well stirred
in. The temperature o the contents of the pan is
then raised to 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
leftto 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.

F the perfume contains large quantities of oil,
then to 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 . . 50kg 46ke.
Cochin-Coconut oil . . 45, 40,
Castor oil . . 15, 26,
Soda lye 40" Bé.. . 50, 50,
Methylated spirits 90 per cent . 35, 30,
sugar . 20, 26,
Distilled water . . 20, 20,
Glycerine 28" Bé . . 25, 922,

For colouring only pale yellow (lemmon or wax
yellow) colouring substances are used. Kor scenting
the following are used :—

Geranium oil , . 240 g.
Verbena oil . . 200 ,,
Palma Rosa oil . . 160 ,,
Bergamot oil. . . 170,,
Bitter almond oil . 10,
Tincture of musk , . 20,
Geranium oil . . 240 g.
Oil of lavender . . 160 ,,
Qil of cinnamon . . 140,,
Caraway oil . . 120,
Clove oll . . 100,,
Tinctuie of musk . , .20,

PropucrioNn or LIQUID GLYCRRINE SOAPS.

Liquid glycerinc soap of the consistency of syrup
is at present a much sought after toilet adjunct, and
is mostly coloured with pale brown (honey glycerine
soap) or with pale pink aiid perfumed with ger-
aninm oil (rose glycerine soap) and supplied to the
trade.

Particularly fine specialities in glycerine soaps are
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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 at 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 dissolved in the oleine sinks to the bottom of
the bottle in a crystalline mass and the liquid above
it appears quite clear. It is carefully poured off
from the deposit, filtered through thick linen, in
order to retain all foreign substances which 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
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This remainder of glycerine is used in order to
dissolve in it the colouring and aromatic substances,
and is only added when the soap has cooled. If the
cooled soap should be too thick, then this draw-
back can be remedied by the addition of & fairly con-
centrated pearlash solution (not caustic). The
ordinary proportion of the glycerine addition to this
soap is 3 parts of glycerine to 1 part of oleine, to be
saponified.

GLYCERINE ConD CREAM SOAP.

The following directions are given lor the pro-
duction of glycerine cold cream soap :+-

30 kg. of coconut oil, 20 | c~ tallow, 8 kg. of castor
oil, 2 kg. ol crude palm oil arc heated together at
75° C.; YO kg. of caustic soda lye at 86 per cent arc
added and stirred, 2 kg. of glycerine and | kg. of
spermaceti, this latter having previously been warmed
to 75° C., are added and stirred in.

Then the soap is covered up and left tO heat
spontaneously, which will have taken place in about
one hour and a half. A clear yellow, firm soap is
the result which is very similar t0 a settled soap.

The soap is now placcd in the mould and per-
fumed with 50 g. cassia oil, 50 g. bergamot oil, 100 g.
lavender oil, GO g. of tincture of musk, 80 g. tincture
of benzoin, 20 g. wintergreen oil, 30 g. clove oil, and
10 g. cinnamon oil.
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GLyYcErRINE APPLIED IN MEDICINE.

Owing to its softening and dissolving properties
glycerine is widely applied in medicine. It is used
either as a solvent for certain substances, for instance
lor pepsine, or for the production of preparations
with a softening action. Glycerine plaster of the
German pharmacopeeia is made, e.g., by warming
1 part ol wheat starch with 10 parts of glycerine in
a water-bath for so long until the starch has formed
into a paste, end consists therefore of a paste mixed
with glyccrine. The great dissolving properties gly-
cerine possesses for many chemical preparations
enables the incorporation in this paste of a large
number of medicinal preparations, and in this
manner renders it possible to produce medicaments
which must be of very powerful efticacy, as glycerine
IS easily absorbed 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 medicinal purposes can be made
according to tho following prescriptions :—

Ligum Tan doars.

Two hundred parts of tar are mixed with 400
parts of oleic acid, slightly warmed and filtered. The
water contents has no detrimental action in this case.
This is warmed in a water-bath, stirred and neutral-
ized with a little alcoholic potash solution. To the

s
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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
comply with the highest claims. Mixed with two
parts of distilled water, the soap leaves no deposit
on the sides of the vessel.

Liguip STORAX BOADS.

The process is the same as that in the case ol the
soap just discussed. The digestion with olcic acid
enable; raw storax balsam to be uscd, from which
the grosser impurities are reinoved by filtration.
The'finished soap settles out; it must thevefore he
well shalien, and should be stored in dark-coloured
glass vessels.

SUPERFATTED LIQUID LANOLINE GLYUERINT SOAPS.

A soap recommended as an excellent toilet adjunct
can be made as follows : About 10 per ccnt lanoline
is dissolved in oleine, saponified as in the casc of the
tar soap and scented, and most suitable lor this pue-
pose is a solution of couniarin in geraniun oil.
Further, to the finished soap, tincture of benzoin can
be added.

A soap intentionally made alkaline, corresponding
to the ordinary glycerine soaps, is particularly suit-
able for disinfection purposes, and lor this reason
should realize a good sale.
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LIQUID*ANTISEPT;G SoArs

of best possible neut.rality can, according to Antoine,
be obtained as follows :—

Caustic potash at 70 per cent, as free

as possible from carbonate . . 5 g.
Sweet almond oil . . 200 ,,
Glycerine (30° Be) . . 100 ,,
Distilled water . . 1000 ,,

The potash is dissolved in twice its weight of water,
and the oil and glycerine added and stirred round.
The remainder of the water is then added and the
mixture is kept in awater-bath twenty-four to thirty-
sis hours at 60°-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 warmed for a few hours at G0" C., cooled,
and the separated potassium stearate filtered through
cotton wool. The filtrate then remains clear. It
contains 0-8 to 1g. of free alkali in the kilogram.
This can be neutralized by introducing a stream of
carbonic acid or by the addition of a glycerine solu-
tion of tavtaric acid.

GLYCHRINT AS ADDITION 70 WINE, BEER, AND
Liguruns.

In the spirituous fermentation of wine-must, beer-
wort, brandy mashes, etc., in a word, in every case
in which alcohol isformed by a fermentation process,
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glycerine also isformed ; the following may be taken
as general products of fermentation—alcohol, carbonie
acid, and glycerine.

The quantities of glycerine resulting {from ferinen-
tation vary considerably, and in wine amount to be-
tween 0-2and 2:0 per cent, whereas in beer, brewed
according to German methods, there is, on an average,
06 per cent of glycerine.

It has been found that the glycerine contents of
wine has much to do with its flavour, and that in
addition to the sweet taste possessed in a high de-
gree by glycerine, it also imparts to it those qualitics
which are designated as maturation and oiliness.

This maturation cannot be explained in words, it
must be recognized by practical experiments. The
quality of the oiliness of the wine consists therein
that when wine 1s swung round in a glass on flowing
down it leaves on the sides of the glass oily streals,
this is generally looked upon as a good quality of
the wine and highly esteemed by constuncers.

In addition to the qualities wentioned, glycerine
possesses that of masking the rough sour taste pe-
culiar to wines containing much acid, and hereby
renders the taste of the wines in question much more
pleasant.

Since it has been possible o obtain commmereial gly-
cerine of such a high degree of purity, extensive appli-
cation has been made of 1t to the wine trade, and to
some wines cerbain quantities of glycerine have been
added in order to vender the taste milder, more
matwre, and at the same time make the wine more

.
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oily ; this addition has been designated as Scheeler-
izing or glycerinizing wines.

We would, however, lay particular stress on the
fact that the modern law in connection with foodstuffs
has  condemned and profibited the adulteration of
beverages with glycerine.  When we make mention of
the subject in this connection, we only do so to draw
attention to this fact and to the distinct warning not
to add glycerine to beverages intended for sale. And
it would not be wise for anyone to attempt to do
this in the hope that the slight addition of glycerine
will not be detected. The chemistry of foodstuffs
has nowadays made such rapid strides that this
would be no difficult task at all, although, aswe have
already inentioned, glycerine is a normal product
ol alecoholic fermentation. However, the individual
component parts of a natural wine, etc., exist in the
wine in certain proportions which vary but little.
This would at once be a help in detecting the addi-
tionn of glycerine, alcohol, sugar, etc., that is of ab-
solutely normal ingredients of wine, as thereby the
norial proportion of the substances would be altered.

"The quantity of glycerine to be added to a hecto-
litre Of wine is best ascertained by first adding 50 g.,
aqual to athousandth part of the weight of the wine,
wmixing it thoroughly, and tasting a sample. If this
proves insufficient, then further amounts of 10 g. of
glycerine are added, until the wine as regards matura-
tionn and oiliness has acquired the requisite quality.

It must be remarked in this connection that wine
troated 1n this manner should not be used at once,

G-t i P A s
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as at the beginning an experienced tongue would
2t once recognize this addition of glycerine, and
it takes some time before the taste of the glycerine
and that of the wine have combined haroniously,
In order to attain this, it is necessary that the wine
should be stored ior several weeks, and after. this
period even a good winc connoisseur would not be
able to recognize that glycerine had been inten-
tionally added to the wine, presmming, of course,
that this adulteration does not go beyond a certain
degree.

It has also been lound preferable to proportion the
glycerine addition according to the quantity of free
acids contained in the wine, and | o increase the gly-
cerine in proportion to the increasing acidity of' the
wine. The lollowing short table gives this propor-
tion :\—

Acid contents Glyeerine, geammnes
m thousandthy per heetolitie
7.0 00
7.5 80
8:0 160
8.5 240
9.0 320
9:5 400
10:0 480
105 560
11-0 640
115 720
120 800

Although these tables arc quite suitable for cer-
tain cases, yet the addition of glycerine in such small
quantities as 10 g. and repeated taking of samples is
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preferable, as one must endeavour to avoid any excess
of glycerine asthereby 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 ithat they strike the sense of taste un-
pleasantly.

In addition to the influence which glycerine has
on the taste of wine, it also exercises aninfluence 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
fermentation; the faint after-fermentation 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 measure in which it can be applied.

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




TYANOIG DI K10 [RIPUDSKD DI0TH AUeW 18915 © ‘9oums
- anonbip v oy ouweoA|H Suippe Aq yeys os ‘[oyoore jo
UONOT FUIATOSSID 91[) 8481888 AQa101] PUe $[I0 [RIJUOsED
sutatosstp jo Aqenb ot sossessod ose aULoATn)
wrnanbi] salsuadxa 1s0UT
PUT S0DIOND D] STIRID 10 $]10 PA][RI-0S UL PRUIIIISD
YPNTT 08 SUDTYM DISTDgoRITye AT10 Jeys samenbiy oy 03
SR LIUOD LTDAODIOTT ‘PUR ‘sananDI] 9y 0] 938T) 100M%
puesuad s91 spedt ourtend[S ey esueoeq ‘sadeyuea
-pT popmop svy uonppe ue yong  aedns jo eowd
UL UOWIPPT ST POPUOTITTIN0a 81 31 put ‘stnanhbif jo aang
-pupnunur oy o3 pagdds usaq ospe swy 2ULIS0L]L)
110 SUNIUN 10 Pojuesm ST 41 [IJUL PIOB OIUO0QIed
s porddns Ajyfinotoyy st meaq o ‘Surdung Aq pue
SO0 UG JO SSRTIE DJOT[M 93 SnoIy} A[UsAd J[osI
DRUYLIGSID OF 0TI AYY $BY SNy euLend]s oy, -dn
pofitng ATy o pRots s PUe s 95RI0)s 913 0ul
poanod L1000 91} UL PAA[OSSIP 8¢ PIROYS 9ULIedAS oy,
porrong o 03 Apuax 81 a9eq oY) 910Jo SABD U89
-IN0] JNOGT PAPPT 450 81 SULTE0A[S oY) ‘owy 3I0Ys ®
10T POI0YS 9 0f AJU0 9IB YOI ST99( JO 958D 977 UJ
'ssoooad
UOHRIUOTILIO) O] SUNBIOPOUT UL SISISSB  OULISDATS
osuo  SIY} UL esmeonq ‘ysvo. ofurojs ewy ur peoerd
oar Koy aogge A[eIpatauir 9ultsdA[d qiim pero3oop
O PIUOLH K09 ONF "SI0 pjoo AI9A UL 199q BT
Suriogs Aq peystdutoson aq prnoo supy pue |, ‘Aews ,,
FOTHODD 31 9UYG P01fep ® UON$ 0] JUSTIL] 10U
TIwys avoq o3 a8eiogs paduoroad wo peyy os ‘A1qeIapts
-uon A1pA UOLTIUATLIEY oty JO AJISUeIUl 9y AJIpowt
0F IOMO O] JO }SOI9JUL 9YF O} SI JI USY) ‘SHsEO

HANTHADATD ¢06



VARIOUS APPLICATIONS OF GLYCERINE 203

into solution than would be possible by the action of
the alcoholic contents alone.

In connection with the application of glycerine to
the manufacture of liqueurs, there is one precaution
to be observed, that is, that the quantity of glycerine
added to the liqueur should not exceed a certain
measure. The reason lor this is the fact that one
cannot enjoy a liqueur which contains a large amount
of glycerine, whereas it is to the interests of manu-
facturers to make the liqueursin such a nianner that
a great deal of them are sold.

We would again call attention to the prohibition of
the application of glycerine; this refers also to tlie
manufacture of liqueurs.

GLYCERINE FOR FILLING GaAS METERS.

Gas meters, as is known, are filled with water, but
this method has certain drawbacks, the greatest of
which isthat water is being continually carried away
through the gas, and therefore repeated filling with
water is necessery. In order to remedy this draw-
back, in many places glycerine has been substituted
as filling for gas meters and with good results.

Owing to its hygroscopic qualities glycerine not
only gives out no water, but absorbs water from the
gas; as a rule glycerine diluted with 45 per cent
water, absorbs from the gas in the course of the
year 12-15 per cent of water, and then it can also
happen that on cold days tlie glycerine in the gas
meter may freeze ancl the working be interrupted lor
some days.
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The glycerine contained in the gas meter not only
absorbs water from the gas, but also absorbs certain
other combinations, in particular sulphide annmoninn
and sulphite, and from time tu time (about once a
year) must be taken out of tlie gas meter and cleaned.

The cleaning process is iiiost sinply accomplished
by heating it for some hours up to 130" C. in a
covered boiler connected with a flue which draws
well, whereby the greater part of tho substances dis-
solved in the glycerine can escnpc. The tar-like
substances which are absorbed from the gas remain
in the glycerine. As soon as a sample of the gly-
cerine does not show an alkaline reaction on cooling
the heating is stopped, and the glycerine is decol-
orized by filtration over bone charcoal, when it can
again be used for filling the gas meter.

The advantages offered by filling gas meters with
glycerine consist therein that repeated {illing is
avoided, and, moreover, the gas is cleaned by gly-
cerine, and a glycerine filled gas meter freezes much
more seldom than a water filled gas mecter.

Owing to its indifference bo metals, glycerine is
eminently adapted to protect metals which rust
easily, such as polished iron or steel. Lo this end,
it is only necessary to thoroughly ruby tlio mctal ob-
jects with a cotton wool pad which has been dipped
in glycerine and then pressed out, and the thin layer
of glycerine which is spread on the metal prevents
rusting for some time.

Glycerine has also been used as a lubricant for the
component parts of delicate machinery, for instance
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of watches; it would moreover, owing to its indif-
ference to metals, be most suitable for this purpose
if it 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. In the production
of large, plastic works, this is accompanied with
some difficulty, for the clay models 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
composed of 3 parts of water and 1part 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
of a dark colour cain be used.

GLYCERINE APPLIED TO THE WEAVING INDUSTRY.

Glycerine can be very extensively applied to the
textile industry and particularly to the manufacture
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ol the most delicate cotton fabrics (muslin weaving)
and also to the manufacture of fine laces. In order
to inipart to the cotton threads which are used in
the manufacture of this fabric the necessary degree
of suppleness they must continually be kept dap,
and formerly such textures were mostly manufac-
tured in damp cellar rooms., Naturally the continual
sojourn in such rooms was injurious to tho health
of the workers. Thcrefove the threads were -
pregnatcd with a dressing which kept thew continu-
ally damp.

Preferably mixtures of dextrin and grape sugar
solutions were used on account of their water-attract-
ing property, but they were not very suitable ; only
since glycerine has bccn added to these dressing
compositions have the results bccn satislactory, and
the most delicate muslin fabrics and lace work can
now be manufactured in perfectly dry and airy rooms.

The compositions which are used for these dress-
ings are very numerous and consist mostly of dextrin,
aluminium sulphate, and glycerine, for instance :—

Dextrin , . 5 parts
Aluminium sulphate . 1,
Dissolved in water . 30 ,,
Mixed with glycerine | . 12-15 ),

The dressing remains continnally damp, has no
smell, and is not liable to become mouldy.

Glycerine can be used with great advantage in
ditferent branches of the textile industry, in all cases
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 it 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.

GLYCERINE APPLIED TO THE MANUFACTURE OF
Parer, Tomacco, 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; it prevents entire
drying of tlic finished paper and also the resulting
brittleness.

Glycerine is also iiiade fairly considerable use of
in the manufacture 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. In order
to render wood more receptive for glycerine, it is
as well to dry it thoroughly in & kiln, gnd while it
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has a temperature of 70°-80° either to place it in
glycerine or to coat it with it. Glycerine is eagerly
absorbed by the hot wood and penetrates very deeyply.
Casks, made of wood which is impregnated with
glycerine, can remain some time exposed to the air
without becoming non-waterproof, because glycerine
being a water attracting substance keeps tlzc wood
continually damp. Also, such casks do not assumnie
any musty or unpleasant smell inside as glycerine
arrests the development of the small fungi which
cause this smell.



CHAPTER XV.
CHEMICAL ANALYSIS OF GLYCERINE.

Since glycerine has attained such importance for
many industries and particularly since it has been
used in such large quantities for explosive prepara-
tions, the analytical determination of glycerine in a
liquid has become of considerable value, and several
methods are used in order to determine the amount
of pure glycerine contained in a given substance.

In commerce 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 saponification glycerine froin
autoclave saponification, or fat-splitting, according
to the T'witchel method, distillation glycerine, which
is a by-product obtained by the saponification of fat
with acid and cleaned by distillation, and soap-lye
glycerine obtained from spent lyes from soap-boiling.

Thc most impure glycerine is the lye glycerine, ob-
tained from the spent lye in soap manufacture. Its
ash content ainounts mostly to 10per centand is due
to tlic presence of common salt, soda, caustic soda,
and also sodiuin sulphate. Further, lye glycerine
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often contains gelatinous and resinous substances,
end carburet of hydrogen. It is light brown to
brown red in colour, the specific gravity is 1-3 or
34" B¢, 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 it 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 Bé, the
glycerine-content between 84 and 86 per cent.
The colour is straw yellow to dark amber, and dis-
tillation glycerine can be recognized inasmuch as
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 isalso concentrated to
28"13é¢ and differs from distillation glycerine in that
when treated with lead acetate there is only a slight
and slow deposit;, and hydrochloric acid does not
cause any turbidity.

The purest is the double distilled glycerine with
a percentage of water of only 2-3 per cent. It
must be colourless and should not possess any un-
pleasant smell. Once-distilled glycerine must also
answer these requirements, but it generally contains
slight quantities of salts.

For the purposes of soap manufacture glycerine
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free fronilime should be used ; it 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, butr concentrated glycerine
should only contain small quantities of impurities.
On the other hand, thecolour is a matter of second-
ary importance, provided it is not due to large
quantities of impurities. The specific gravity should
not be less than 1.261at 15-5° C.

Refined or commercial glycerine is mostly not quite
odourless and contains different impurities, particu-
larly dissolved salts ; itis usually met with at concen-
trations of 18-24 and 28" Bé.

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

A mixture composed of dec.cm.glycerineand 3 c.cm.
zinc chloride solution should not during an hour as-
sume & darker colour.

It glycerine is diluted with 5 parts water and
iiiixed with sulphuretted hydrogen water, barium
nitrate, ammoniuimn oxalate, or a solution of calcium
chloride, 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 further conipletely disappears.

F a mixture of 1 grm. of glycerine and lec.cm. of
ammonia liquid is heated in a water-bath to G0" and
then at once mixed with three drops of silver nitrate
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solution, then within five minutes there should
be neither coloration nor a brown black deposit
in this mixture.

TWO c.can of glycerine warmed with 1 c.cm. of
soda lye, should give no coloration, neither should
there be any amwmonia or smell of glue-like sub-
stances evolved.

One c.cm. of glycerine gently warmed with le.cni.
of diluted sulphuric acid, should give no unpleasant
rancid smell.

DEIERMINATION OIF GLYCRRINI CONTINTS,

If pure glycerine is being dealt with, the water
contents can be easily ascertained by the specific
gravity by means of the tables given below.  DBut
particular attention must be paid to the temperature
as these tables only give correct values at those tein-
peratures for which they have been calculated.

As is well known, the speeific gravity of the liquid
i¢ influenced by temperature in such a way that o
certain vise of temperature gives the liquid o lower
specific gravity.

This method is only applicable when absolutely
pure glycerine is being considered, that is such that
does not contain any appreciable quantitics of impui-
ties.  II this is not the case, particularly with gly-
cerine in admixture with nmuerous other substances,
for instance, soap-lye glycerine, then another process
must be resorted to in order to determine its quantity,
which is based on the oxidation of glyeerine.  In
this case mostly the methods of Tiegler and Tehmer are



CHEMICAL ANALYSIS OF GLYCERINE 213

Tane  wor THE DeTERMINATION OF THE Warnr CONTENTS o
GLYCERINE ACCORDING To CHAMPION AND DPrrrer ar 17-5° C.

 atem § Degree Ac- i Degree Ac-
i ‘IV(',:‘}"%E:H ﬁpec.iﬁc ct n'ﬁtlineg‘%co \1‘6%;;1&:‘” Specitic cording to
| Glycerme, | Graviy. - Bewid | dlyeerine. | CTAVIY. | Bentnd
| ! N
| |
.00 | 12640 812 110 | 1-2850 | 286
L0 | 12625 310 115 | 1-2385 ] 284
L1 12612 50+0 19+0 12322 | 283
15 | 1-2600 30-9 12:5 | 1-2307 } 282
2.0 | 19385 307 18-0 | 12305 28+0
25 | 12575 306 135 | 12280 ’ 278
50 | 12560 304 o |ieamn 277
25| 12540 303 145 | 12255 | 276
40 | 12582 30-2 150 | 12242 | 274
45 | 12520 301 155 | 1-2280 278
50 | L2505 30:0 160 | 12217 \ 273
55 | 12490 20-9 16-5 12302 | 270
6-0 | 1-2480 208 17:0 ’ 12100 | 269
65 | 12485 20-7 175 | 12177 | 268
LT | 12455 206 80 | 12165 | 207
75| 1240 295 185 12150 | 265
R0 | 12427 203 190 | 12187 | 284
Iows | 12412 29-2 195 | 1-2195 263
|00 | 12400 20-0 200 | 12112 26-2
T95 | 12890 28-9 205 | 12100 | 260
10:0 | 12875 284 210 | 1-2085 259
105 | 1-2862 23+7

used, whereby glycerine in the presence of snlphuric
acid is by means of bichroinate oxidized to carbonic
acid, when the amount of the oxidizing substance
used up is determined with ferrous ammonium sul-
phate. If according to this method corvect results are
to be obtained, then the liquid to be analysed should
be free from chlorine and as far as possible from or-
ganic substances. According to the regulations of
the Analytical Committee of the Convention of
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TasLe oF TuE Speciric GRrAVITIES or MixTuunks of GLYOBRINLG wITH

[

Warer (Accompixg ro W. Lusvz).  Fon Temprrarunes o
129-14°,
|
Contents of | gpo0q5, | Coutents of | specitic Contents of | g gitic
mtE]:‘ex\?vLHg‘}us q’)’;‘gﬁgy inr;lmclgfnr(«‘ms / (f»l%ut‘ﬂf:y in i\l,xxi.x(ilil’x:x.us U‘(}?Z}l}t@y
ilf-; ggsrf;‘s% liquid. igﬁ ger rlunt’. | liquid. hl.l' 1))]@1' uel‘;'t. liguid.
100 ! 12601 66 11764 82 1-0825
99 ‘ 1-2664 65 1-1783 31 1-0740
08 I 1-2637 64 11702 30 10771
97 | 1-2510 63 L1671 29 10744
1 96 12584 tid | 11640 23 10716
05 \ 1-2557 61 ( 1-1610 27 10689
94 12581 60 | 1-1582 26 10663
093 | 12504 59 1-1556 25 1:06356
92 1:2478 53 1-1530 2d 10608
01| 12451 57 1-1505 23 10350
90 | 12495 56 1-1480 29 1-0553
89| 12308 55 1:1455 21 1-0525
88 | 1-2372 54 1-1480 20 1-0498
87 1-2345 53 1-1408 19 10471
86 1-2318 52 1-1875 18 1-0446
85 1-2292 51 11848 17 1-0422
84 1-2265 60 1-1320 16 10898
83 12288 49 1-1293 15 10874
82 12212 4 1-1265 14 10849
81 12185 47 1-1288 13 1-0382
80 1-2159 4li 1-1210 12 10947
79 1-2122 46 1-1183 11 1:0271
78 1-2106 44 1:1155 10 10245
77 1-2079 43 1-1127 9 1-0921
76 1-2042 43 11100 8 140196 |
75 12016 41 111072 7 10072 |
74 1-1999 40 1-1045 i 1-1470
73 1-1973 34 1-1017 5 1+0123
72 1-1045 38 10989 4 10007
71 1-1918 il7 | 10062 3 1:0074
70 1-188¢ 36 10934 P) 1-0044 |
69 1-1858 35 10907 1 1-0025
68 1-1826 34 10880 ‘
67 1-1795 33 1-0852




CHEMICAL ANALYSIS OF GLYCERINE 216

German glycerine manufacturers, the following is
carried out :—

The following aqueous solutions are to be made
and used at 15° C. :—

(@)Potassium bichromate solution, which in a
litre contains exactly 74-86 grm. of potassium bichro-
mate and 150 em.2 of concentrated sulphuric acid.
One cm.? 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 (@) to 1000.

(c) Ferrous ammonium sulphate solution. Con-
tainsina litre 240 grm. of ferrous ammonium sulphate
and 100 em.? of concentrated sulphuric acid.

(dy Solution of red prussiate of potash 1.1000.
This solution is always freshly prepared.

For the standardization of the ferrous ammonium
sulphate solution, 10 em 2 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-
mate 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 more than 2 grm. pure glycerineare placed
in a measuring flask of 200 c.cm. contents, care-
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fully weighed end practically neutralized with dil-
uted acetic acid with a specific gravity of 1-:041, and
the mixture must on no account be acid. Then this
is diluted with distilled water to a volume of about
50 c.em. and swirling round gradually, basic lead
acetate solution, isadded, until after standing for some
time, tho liquid, on the addition of a further dvop
of lead solation, docs not show any further precipitate.
It is tlicn left for about half an hour and tlic mixture
made up to 200 c.cm. at a temperature of 15° C.

Of this well-inixcd and settled liquid, part is
filtered through a dry filter. 20 c.cm. of this filtrate
correspond 10 2 grm. spent lye, and are now placcd in
an Trlenmeyer flask of 300 c.cin. capacity, when in
the following order are added : -

1. 30 c.cm. distilled water
2. 30 c.cm. diluted sulphuric acid
3. 25 e.cm. of concentrated bichromate solution.

This mixture is then suspended in boiling water lor
two hours and the flask covered with o small funnel.

After this time, and whcn the mixture has be-
come cold, it is titrntcd Dback with the standardized
ferrous ammonium sulphate solution until a drop of
the mixture with the red prussiate of potash gives
a blue coloration.

The caleulation is then as follows :—

If, for instance, lor tho retitration of the oxidized
liquid, that is the remuaining ecxcess of the bhichro-
mate solution, 40 c.cm. of the iron solution are used,
then theso correspond to 40 x 0°4 = 16 c.cm. of the
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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.cm. of strong bichromate solution
would be necessary lor the oxidation of the glycerine,
which correspondsto 9 x 0:01 = 009 glycerine. F
this quantity was found in exactly 2 grm. spent lye,
then this contains0-09 x 50 = 4.5per cent glycerine.

EXAMINATION OF GLYCERINE FOR DYNAMITE-MAKING.,

For the examination of glycerine intended for
dynamite- 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.cm.
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 at 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 substances suspended
in the under layer. Then the nitro-glycerine is
separated froin the acid in a separating funnel,
waslied with water at 35° to 40" C., then a few
times 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 pure, and there is besides sonie loss in
nitration, but the yield should be at least 207 to
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210 per cent. In order to render nitro-glycerine
harmless, it is best to run it into strong soda lye,
whereby it is decomposed.

Under the title “ Ein Beitrag zur Beurteilung des
Dynamit-glycerins,” Franz Hofwimmer, Vienna,
publishes in the « Chemiker Zeitung,” No. 5, 1912,
the following :—

For glycerine intended for explosives manufacture
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 vyield, to reduce the mass
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 at least cause a very
energetic development of heat. For this reason,
dynamite glycerine must be at least 97-6 to 98 per
cent, it should further evaporate at 180° C., leaving
at the most 0.2 per cent residue, and only 0-05 per
cent ash. It should contain neither reduction sub-
stances (acrolein) nor fatty acids, nor chlorine. The
colour should be only wine-yellow, and the specific
gravity at 15° C. should reach 1-2625 - 1-26:30.

Although most dynamite glycerines answer these
requirements, they notwithstanding often leave much
to be desired on nitration as regards yield of nitro-
glycerine, for which reason the usual methods 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 resultswhen 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
affect 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. In 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 246-7 per cent,
there results from the polyglycerols only the nitro-

. 119x 108
glycerine calculated fromthe formula A = Tgo,

(where 2 is the number of compound C,H,O, mole-
cules to a molecule), Diglycerine gives a theoretical
yield of 188 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 86 per cent C,H,O,, 10 per
cent diglycerine, C,H,,0,, and 4 per cent water,
gave according to the Hehner method of analysis,
97.08 per cent C,H,O,, and 2 92 per cent of water,
and should produce therefore on nitration a theoreti-
cal yield of 239-5 per cent nitro-glycerine; owing
to the diglycerine content, however, the yield is re-
duced about S.5per cent, so that lor the manufacture
of: nitro-glycerine the glycerine i1s not 97-08 per cent,
but only 93-46 per cent. The nitrogen-content of
nitro-glycerine obtained does not reach by far tlie
theoretical figure of 18-50, so that the quality of the
product is also unsatisfactory.

The examination of dynamite glycerine by the
acetin method might be expected to give correct
results, as will be understood from the foregoing,
since it depends entirely on the quantitative estima-
tion of the hydroxyl groups. It is, however,
scarcely to be expected that the polyglyccrols would
be able to withstand a boiling of some hours with
acetic anhydride, but on the contrary thcy hydrolyse
to glycerine and are estimated as such. On this
ground. the acetic anhydride method must also be
rejected, apart from othcr defects of the process
which must be taken into consideration.

Frequently it is attempted to determine tho
water contained in a glycerine by drying over sul-
phuric acid in, vacwo. This method requires some
considerable time and is, moreover, not quite ac-
curate, since glycerine, on account of its energetic
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water-absorbing power, retains water under these
conditions.  All the remaining methods of glycerine
estimation described in the literature leave much to
be desired partly in accuracy, partly in simplicity.

The only accurate and absolutely reliable test for
dynamite glycerine is therefore by nitration and
determination of the nitro-glycerine
produced. The well-known nitration
apparatus of 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
i ordinary scales. A nitration by
means of the above-named appar-
2 atus, by the time that one has
oTL weighed the dried nitro-glycerine,
[

3 takes at least 12-24 hours; work-

. ing with proportionately larger
w’&?‘" quantities (150-200 g.) is a some-
e what dangerous undertaking, especi-
< ally fox the inexperienced.

? For the rapid, exact, and at the
o mine time safe nitration, an ap-
paratus has been devised, so constructed that it
permits both the glycerine to be weighed on the
analytical balance, and also the nitro-glycerine
formed to be brought into a measuring tube ac-
curately divided into twuntieths of a c.cm. The
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apparatus shown in the figure consists of the gly-
cerine pipette A, and the measuring 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 K. The glycerine pipette
is furnished with two marks, which correspond to a
weight of glycerine of 10 g., and is closed by means
of a glass tap. Both this and the nitration vessel
are fixed by means of clamps to the same retort
stand. A nitration in this apparatus is carried out
in the following manner. The nitration vessel 1s
filled up to above the fixed mark with the nitrating
acid and cooled to 15“ C., when one allows the ex-
cess of acid to run away through the cock II. While
the glycerine is allowed to drop from the pipette A
into the nitrating acid as slowly as possible, for the
purpose of thorough stirring, one conducts through
the apparatus a current of air dried by means of
concentrated sulphuric acid, and carries away the
heat generated in the reaction by a rapid flow of
cold water. An observation of the nitration tems-
perature 1 the small glycerine mass 18 NOt necessary,
especially if the temperature of the cooling water is
only 12-15° C., and it passes through the cooler with
an adequate velocity. As soon as tlic glycerine has
run down to the lower mark on tho pipette, onc
shuts the cock of the pipette, allows about another
minute’s stirring, and then interrupts the air current
by shutting the cock H. Alter standing a quarter
of an hour (with the cooling water running) the
nitro-glycerine completely separates f{romn the waste



CHEMICAL ANALYSIS OF GLYCERINE 223

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 14.45c.cm. of nitro-
glycerine, and by the nitration for comparison under
similar conditions of 100 per cent glycerine, 15c.cm.
of nitro-glycerine were obtained, so is the glycerine
under examination, irrespective of the C,H,0, con-
tent found by the Hehner or any other method of
examination, valued as 14.45:15-00 = 96.3 per
cent dynamite glycerine.

It is absolutely necessary always to work under
the same conditions. It is advantageous to employ
for 10 g. glycerine, 60 g. nitrating acid (45 per cent
HNO, and 55 per cent H,30,) and the reading of
the nitro-glycerine volume 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 mwethods not to be despised,
and, since in the purchase of dynamite glycerine
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differences frequently arise between buyer and seller,
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 risk of breakage is only
very slight. The manufacture of the apparatus is
undertaken by the fivrm Ephraim Greiner, of Stiitzer-
back, Thuringen.

DrrrRMINATION 01 LiMe SALTS.

This test, by means of which it i3 casy to dis-
tinguish ~concentrated from distilled glycerine, is
carried out in such a way that the glycerine 1s diluted
with twice or three times ity volume of water and
ammonium oxalate added ; the presence of lime salts
will cause a deposit of calciumn oxalate.

The presence of sulphuric acid, generally in the
form of caleium sulphate (gypsum), can be ascertained
by wixing the diluted glycerine with a solution of
barium ehloride ; a resultant white deposit proves the
presence of sulphuric acid.  If the deposit resulting
from the barium chloride is soluble in hydrochlorie
acid, this proves the presence of phosphorie neid
algo.

TRYTS POR OTHER IMPURIITIS,

Glycerine which is somewhat acid can on distil-
lation dissolve iron or copper from the apparatus
and hereby become contamminated.  Thoese ivon com-
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pounds can easily be ascertained by the addition of
a solution of nitro-prusside sodium or salicylic acid.
In both cases red coloration. takes place in the
presence of iron compounds; the presence of copper
can be proved by the addition of ammonia; hereby
the glycerine, particularly in thicker lagers of the
liquid, has a distinctly blue coloration in the presence
of copper.

Some kinds of glycerine have a peculiar smell
which is either sour or rancid. In the former case
it is generally due to formic acid or acetic acid, in
the second to butyric acid. Formic acid can be
recognized by mixing the glycerine under examina-
tion with an ammoniacal silver nitrate solntion ; in
tho presence of formic acid, immediate separation
of the iiietallic silver takes place; if the glycerine
is pure, on becoming cold, the liquid remains clear,
and only on heating reduces the ammoniacal silver
oxide to silver metal. Also both acids can be
detected by the sense of smell, if the glycerine is
mixed with sulphuric acid.

Butyric acid is best detected by the odour;
the glycerine is rubbed between the hands and
these are brought up to the nose; the presence
of butyric acid is at once detected by the unpleasant
rancid smell which is peculiar to this acid. Further,
this butyric acid test can be carried out in another
manner; to this end equal volumes of alcohol and
of the glycerine are mixed, and to the mixture
snlphuric acid is added; in the presence of butyric

acid, butyric ether is formed under these circum-
1K
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stances, and the liquid has a very pleasant and
characteristic sniell of pine-apple.

Albumen is precipitated by means of tannic acid
or in flocks by acidifying with acetic acid.

Trst ror SUGAR CONTENTS,

Intentional adulteration of glycerine can be
made either with grape sugar in the form of starch
syrup, or for this purpose the thick syrnp of:beet sugar
factories is used, which in addition to grape sugar
also contains cane sugar. We shall give later on the
method by which these different sugars can be dis-
tinguished from one another. In any case these
adulterations with respect to relative prices hardly
ever occur now.

As a first test as to probable sugar contents, small
quantities of the glycerine to be analysed are mixed
with kali lye and concentrated sulphuric acid : if the
samples are free from sugar, then they are not altered
by these additions: if they contain sugar they will
colour brown already when cold or on gentle heating
and humic substances arise from the sugar.

It hag been proposed to determine the addition of
grape sugar by warming glycerine with the so-called
Fehling solution (alkaline copper.oxide solution) when
in the presence of grape sugar red copper protoxide
is separated; as, however., pure glyccrinc gives a
deposit in the Fehling solution, this test is hardly
applicable. (This does not agree with the trans-
lator’s experience.)
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A very simple method of proving the presence of
sugar in glycerine is by means of the polarimeter ;
glycerine does not cause the plane of polarization
to deviate ; sugars do, either to the right or to the
left.  Glycerine which is of too dark a colour to be
tested in a polarimeter should be decolorised before
the test.  This can be accomplished by mixing the
glycerine with 0-1 of its volume of lead acetate,
shaking and filtering from the resiclue; on calculat-
ing the sugar contents this dilution must be taken
into account. It is simpler to filter the glycerine
to he tested through dry spodium whereby it is
sulliciently decolorized to enable the optical test to
be made.

Il glycerine containing sugar causes rotation of the
plane of polarization, then the question may possibly
arisc as t0 whether ithas been mixed with potato sugar
or also With cane sugar syrup, the latter of which
contains different quantities of cane sugar and grape
sugar,  In order t0 detevmine this, it must first be
ascortained by how many degrees the plane of polariza-
tion has been rotated, and then the sugar must be
inverted, that is transformed into invert sugar; this
lattor takes place by heating the glycerine to be
tested for ton minates with 0-1 of its voluiiie of hydro-
ehlovie acid 10 70-80 €. If originally the plane moved
o the right, and if the rotation, which now owing
{o the dilution with hydrochloric acid must be reckoned
(-1 higher, remains unaltered, then grape sugar
alone was present, if, however, the plane rotates to
the left after the original liquid had indicated a
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movement t0 the right, then this is a proof tliat the
glyceriiic contained gane sugar; cane sugar inclines
to the right and the resultant invert sugar to the
left.

DETERMINATION 01 (FYLCRRINE IN WINI,

In order to determine swmall quantities of glycerine
In wine—an investigation of hnportance as to the
glycerine contents of the wine itself as well as prov-
ing whether the wine has been intentionally adul-
terated—the following process according to German
official regulations for the testing ol wines is
adopted i —

(@) Determination of glycerines in wines with less
than 2 g. sugar in 100 cn?

One hundred cm ? of wine are evaporated in a porce-
lain dish over a water-bath to about 10 cm? and
the residue is mixed with about 1 g. quartz sand
and so much wilk of lime of 40 per cent Ca(O),
that to every 1 g. extract 1-3-2 e milk of lime is
added, and evaporated practically dry.  The damp
residue I8 mixed with about 5 em.? of alecohol at 96
per cent by weight, the mass attaching to the
sides of the porcelain dish are loosened with a spatula
and rubbed into a fine paste with o small addition of
aleohol at 96 per cent by means of a small pestle,
Spatula and pestle arve then rinsed with the same
strength of alcohol.  Constant stirring takes place and
the dish is heated in a water-bath until it begins to
boil, and the cloudy aleoholic liquid is powred through
a small filter into a small receiver of [00 ¢ con-
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tents. The powder-like residue remaining in the
dish is again stirred with 10-12 em.® of alcohol,
drawn off hot, the extract poured into the 100 ¢m.?
receiver, arid this process repeated for so long until
the amounts of the estracts are about 65 cm.? the
insoluble residue remaining in the dish. Then the
small funnel attached to the 100cm.? receiver is rinsed
with alcoliol, the alcoholic extract is cooled to 15¢, aiid
it is filled with alcohol at 96 per cent to 100 cm.?
After vigorous shaking the alcoholic extract is filtered
through a plaited filter into a graduated glass
cylinder, 90 cm.? filtrate are poured into a glass dish,
and evaporated over a hot-water bath avoiding any
powerful boiling.  The residue is collected with small
quantities of absolute alcohol, the solution poured into
a divided glass cylinder, provided with a stopper, and
the dish is washed with small quantities of absolute
alcohol, until the alcohol solution amounts to exactly
15cm.* To this solution 7-5 em.? of absolute ether
should be added threetimes, aiid the solution should be
well shalien after each addition. The closed cylinder
remains standing until the alcohol ether solution is
quite clear ; then the solution is poured into a weigh-
ing glass fitted with a ground stopper.. After the
glags eylinder has been rinsed with a mixture (about
5 em® of 1 volume of absolute alcohol, with 14
volumes of absolute ether, and this liquid has been
poured into the weighing glass, the alcoholic ether
liquid is evaporated over a hot but not boiling water-
bath, when violent boiling of tlie solution must
be avoided. Alter tlie residue in the weighing glass
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has become a thick liquid, the glass is placed in a
drying oven between the double partitions of which
water is boiling, and after one hour's drying it is lelt
in the exsiccator to cool and weighed.

(0) In wines with 2 g. or wmore sugar in 100 cm.?

Fifty em.? of wine are heated in a large receiver
over a water-bath, mixed with 1 g. quartz sand,
and small quantities of milk of lime are added
for so long until the mixture which at first twned
dark has become clear again and assumed a smell of
lye. The mixture is warmed in a waber-hath and
constantly shaken. When cold, 100 cin.* of alcohol
at 90 per cent arve added, and the resultant deposit
left to settle, the aleoholic solution is filtered off and
the deposit washed with alcohol at 96 percent.  The
filtrate is evaporated and the residue treated further
according to the regulations for wines with lesser
sugar contents.

According to the decrecs of the Commitiee of
Wine Statistics in Germany 1t 18 recommended that
al objection on account of addition of glycerine is
justified when with a total glycerine content exceed-
ing 05 g, in 100 c.enm. wine, the oxtract residue
(extract veduced with respoct to non-volatile acids)
eonsists of more than two-thirds glycerine, or, with
a proportion of glycerine fo alcohol of more than
10 : 100, the total extract does not oxceod 1-8 g,
per 100 c.cm., or alter deduction of the glycerine
fromi the residue extract, 1 g, in 100 ¢.cn,
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DrrERMINATION 0F GLYCERINE IN BEER.

The determination o the glycerine contained in
beer can be carried out as follows :—

50 ~in.of beer are evaporated with about 3 g. cal-
cium hydrate to the thicliness of syrup, and then
mixed with 10 g. coarse powdered marble or sea sand
and left to dry, but the residue should not be quite
dry or hard. Then it is completely separated {rom
the dish and boiled with 100-150 cm.® of strong
alcoliol at about 9G per cenb  After filtering, tlic:
alcoholic extract is evaporated or distilled, and tlic
residue is again dissolved in 10 cm.* alcohol.

To this solution, 15 em.® of ether arc added
three portions, the solution is thoroughly mixed after
cach addition and left to settle. The clcar ether
alcoliol solution containing the glyeerine is poured
off, the residue again treated with 5 cm.* alcohol and
shaken with 7-5 ¢ ® of ether in two portions, whcn
tlic glycerine remaining in the residue is dissolved.
In a weighed weighing glass the ether alcohol soln-
tion is evaporated to the thicliness of a syrup, and
then left to dry,an hour in a water-bath drying oven,
weighed, and the glycerinc tested for the presence of
any sugar:. Or, the ether alcoliol solution contain-
ing the glycerine can be evaporated in a platinum dish
and, after drying, weighed, when the contents of the
dish can be ashed in order to determine any exist-
ing mineral substanccs, and separate them from the
glycerine.



CHADTIEER XVI
INVESTIGATION OF NITRO-GLYCERINE AND DyXamrru,

TrHr analysis of nitro-glycevine comprises mostly
the qualitative test for acid or alkali: the in-
vestigation of dynamite and the determination ol its
composition is varied according to whether it con-
tains the nitro-glycerine only absorbed or gelatinized,
Special methods of investigation should be made for
explosive gelatine and gelatine dynamite, and {inally
certain stability and heat tests cone into consideru-
tion.

ANALYSTS OF NITRO-GLYCERINI A8 70 ACID  AND
ATLKATL

A sample s placed in o separawtor, distilled water

poured over it, and it is well shaken. By the ad-

dition of some drops of methyl orange the reaction

is ascertained, and after an addition of .2 drops of

N. .
i hydrochlorie acid the colour should change.

ANALYSTS 018 DyNamrri,

For this purpose Hess’s method should he used,
which 1s as follows: The dynamite should he
treated with water-free ether, and the remaining oil
should be tested by letting a picee of Afiltering

ZOYDYON
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paper absorh it ancl then detonating on an anvil. If
the oil 13 dissolved in alcohol and iiiised with a solu-
tion of ammonium sulphide in alcohol, then polysul-
phide is formed, and later the sulphur separates. I a
drop of the oil is placecl in a solution of green vitriol
mixed with hydrochloric acid, and if this is warmed,
then tlic nitrous oxide reaction should result. If a
drop of tlie nitro-glycerine is added to a potassiuiii
iodide starch solution acidified with diluted sulphuric
acid and mixed with a few fragments of zinc, then
tlio liquid turns blue.  If the oily deposit is evidently
uniform, and its specific gravity about1-6 and it has no
particular odour, it may be taken that it is only coni-
posed of nitro-glycerine. If impure ether has been
used then the impurities will be found in the residue.
If there are more than traces of sulphur, paraffin,
and resin, they  separate from the nitro-glycerine.
In order to analyse these, some of the separated sub-
stance is taken and pressed between filtering paper.
The sulphur separates in the forin of crystal ancl can
boe recognized thereby as also by its smell and flame
on being ignited, Il the extract freed from ether is
treated with cold aleohol, then paraffin remains behind.
Any rosin can, by boiling with a soda solution, be
saponified and isolated from the soap by precipitation
with hydrochloric acicl.  Should all three substances
be in the dynamite at the same time, the nitro-gly-
cerine should Arst be decanted and the residue care-
fully pressed between filtering paper : then by boiling
with a soda solution the vesin is first separated, and
the residue washed with water and dvied.  Part
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thereof can be treated with aqua regia in order to
transform any existing sulphur into sulphuric acid
and this identified in the form of barimm-sulphate ;
another part can be boiled with ammonium sulphide
golution when the sulphur dissolves with the formation
of ammonium-polysulphide, the paraffin, however, on
cooling swims in a crust on the liguid and is then
washed with water, dried, and can be further tested.
The residue of the extraction is then tested micro-
scopically when kieselguhr, wood meal, and charcoal
can be recognized by their construetion and colouring.
Brown coal and pit coal are distinguished by the
nature of their products on dry distillation. Brown
coal gives acetic acid or ammonium acetate. If the
residue is reduced to ashes, then in addition to wood
or coal ashes, other mineral substances are found
which can easily be determined by the well-known
analytical methods.

QUANTITATIVE KXAMINATION,

Kither o weighed amount of dynawnite is placed
on a dried and weighed linen filter in a funnel
and extracted Dby frequently  pouring  ether on
it, or a weighed amount is mixed with cother
an  Jrlenmeyer flask shaken 'Ifl.'crv]‘uuntly, and  the
whole is filtered on a linen filter and again washed
with cther. The ether extract is transferred to a
bealker and evaporated on a water-bath at 40"; {rom
the moment the extract clouds, attention should he
paid.  As soon ag the cloudiness disappears again
the beaker is placed under the bell of an aix-pump,
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ander which there is also ealeium ehloride in order
to remove the Tagl Lraces of ether and molsture,

L in the dynamite, inaddition to nitro-glycerine
there is parafling vesin, salphur, or similar substances,
then the ether-freed extract ecan be weighed on dry-
e and warmaed with o soda solution over o wator-
bath,  ITerchy the resin is freed and by decanting
and washing with distilled water can he separated
from the residue, 10 fo this solulion hydrochlorie
acid s added, the resin precipitates, 16 can e col-
leeted ono ilter deied and weighed at 1007, washod,
drted, and again weighed,

The nitro-glycerine s extracted from the residue
with high percentage aleohol, decanted, and the ve-
maining amounts of paraltin: and sulphur ave rinsed
with strong aleohol, dried and weighed.,  In order to
separinbe the sulphur from the paraflin, the mass s
warmed with an aqueous sohubion of annoniun sul-
phide, Teft to cool, the paradiin buyer is broken through,
decnnted, wished with water, and the puaflin dried
and woeighed, The quantity of nitro-glycerine and
ol the sulphar s found from the dilferences,

The restdue remadning from the extraction in so
far as b s only composed of fire-prool malerials is
dried inaoshream ol dry air ad 60" and weighaed, then
reduced o oashes, and on cooling avain weighed, in
order Lo aseertain from any small differences whether
sl quantitios of organic substances were contained
i the restdue, L containg other substances
well, then the residoe is dried and weighed on
the Glter, eated with hot distilled waber, and the
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solution evaporated, dried at 120, and the remaining
vesidue again weighed. If carbonates are present,
the extract, if 1t contains no chlowtes, should be
taken up with water again, neutralized with nitric
acid, evaporated over the water-bath, dried at 120",
and again weighed. Hereby the carbonates are trans-
formed into nitrates, without modifying the existing
extractive substances; from the difference of the two
last weights obtained the quantity of carbonic acid
can be determined. The dry mass is hereupon heated
to redness and on cooling damped with nitric acid,
liberated {from the {ree nitric acid again, again heated
to redness, and finally on cooling weighed. Then all
the water-extracted salts are present as nitrates, and
the organic substances destroyed. The difference be-
tween the two last weighings accordingly gives the
contents in organic snluble substances.

If in the watery extract chlorates were also present,
then the carbonic acid must be determined by pre-
cipitation with lime determined, and in one part after
evaporating and heating to redness the chlorate
can be determiined in the form of silver eliloride,
The quantity of nitric acid can be determined in a
second part of the extract by changing into ammonia,
In the residue from the extraction by water only ¢har-
coal or similar organie substances can be contained
as well as insoluble absorbents.  The organic sub-
stances are removed by reducing to ash and the
residue is weighed on cooling, whereby the weight
of the insoluble mincral substance is ascertaimed. I
several mineral substances are present at the same
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time, then according to the well-known inethod they
can be determined singly in the residue. If, how-
ever, several organic absorbents are present, the pro-
portion can only be approximately determined by
means of their elementary composition.

The stability of dynamite is determined by the lieat
test, and further by a thrice-repeated freezing and
melting, as well as by exposure for eight days and
nights at 30° with regard to any oozing of the nitro-
glycerine.  Any inclination to absorb humidity with
eventual separation of nitro-glycerine can be tested
by exposing over avessel filled with water for twenty-
four hours under a glass bell-jar.

TESPING  0F HXPLOSIVE GELATINE AND GELATINE
Dyxamirs.

The analysis according to Hess is as follows: —

Qualitative Analysis.—A slice is cut out of the
middle of the cartridge with a knife of wood or
horn and cut up into siiiall pieces placcd in a siiiall
receiver, and a iiiisture of 2 parts of water-free ether
and 1part water-free aleohol ispoured overit. There-
by the nitro-glycerine, collodion cotton, as well as other
admixtures of camphor:, resin, paraffin, ancl sulphur
arc dissolved. The estract is mixed with an excess
of chloroform, which precipitates the collodion cotton.
The solution above it is poured off, and the residue
is pressed between filtering paper. The separated
collodion cotton is recognized by its combustibility
and Its explosiveness caused by shock, as well as its
behaviour intlie presence oS sodium sulphide solution
frol11 which it is freed by boiling. On boiling with
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hydrochloric acid and sulphate of iron anitrous oxidc
reaction is given.

The poured-off solution is heated to 30" wherceby
the largest part of the ether, alcohol, and chloro-
form evaporates. Then the temperature is raised to
80° whereby these solvents arc completely removed.
The residue is treated in the same manner as was
described for dvnamite. Should there be still tri-
nitro-cellulose in the residue freed from chlorates
and nitrates, they can be ascertained as follows :.—

1. By observation under a microscope with polar-
ized light.  The trinitro - cellulose shows a blue
colonr, the non-nitrated cellulose a red-yellow pluy
of colour.

2. By boiling the residue with hydrochloric acid and
sulphate of iron, whereby the nitro-cellulose gives a
nitrous oxide reaction.

3. By boiling the residue with alcoholic canstic
potash solution and filtering. If the filtrate is slightly
acidified by sulphuric acid, it indicates free nitric
acid or nitrous acid.

QUANTITATIVE INVESTIGATION.

An average sample is taken and divided with a
horn spatula into small picces, and it is lelt [or five Lo
s1x days in an exsiccator over caleiwn chloride to
determine the moisture contents.

The best means of removing tlic nitro-glycerine and
the collodion cotton from the gelatine csplosivce is to
treat with alcoliol.  This is best accomplished in an
Erlenmeyer flask in which 5 g. of tho finely divided
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gelatinous explosive is placed, 200 ¢m.* ether alcohol
poured over it, constantly shaken, and left for some
hours ; the solution is mixed with an excess of chloro-
form and the reiiiaining mixture is filtered through a
dry and weighed filter. By heating on a water-bath
to 80" the filtrate is freed from the ether alcohol.  If
camphor is contained therein, then the residue is
shalen with carbon bisulphide. The ether extract
can at oncc be filtered and the nitro-cellulose pre-
cipitated by chloroform from the filtrate, but this is
a less accurate inethod.

The residue remaining on the filter can still con-
tnin nitro-cellulose as well as zumic powder. |t is
dried at 60° in a dry stream of air and then weighed.
Then the process is continued as in the case of dyna-
mite. Tart of the residue can be boiled with a con-
centrated solution of sodium sulphide whereby the
trinitro-cellulose isdissolved.  The solution is filtered
through a weighed filter, washed carefully with water,
dried, and weighed. From the loss in weight the
trinitro-cellulose content can be determined. An-
other part of the residue is treated with hydrochloric
acid, whereby tlic carbonate and other bases go into
solution and can he determined, whereas the dried
and washed residue then only contains organic and
mineral {insoluble in hydvochloric acid) absorbents.
By reducing to ash, tho organic substances can be de-
termined from tlic difference.

SrABILITY AND HnaT TESTS.

The stability and heat tests are carried out mostly
according to the English methods.  Since the com-
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mencement of decomposition makes itsclf apparent
throngh the splitting off of nitrous acid, these tests
ave based on the detection of this, which is effected
with the aid of potassium.iodide paper, or bettor,
starch-iodide paper. Nitrous acid liberates iodine
from potassimn Jodide, which with starch paste
gives a decp blue compound of starch odide.  The
test, which requires special apparatus, is usually
carvied out at 160" I, (717 ().

T IOND,
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Acuree neid, 21, 64, 224,

Acctone, glycerine  obtainable
[rom, Y.

Acid, acetie, 21, 69, 224,

butyrie, 21, 23, 224.

eaproie, 21,

earbonice, 64,

formie, 18, 23, 664, 224,

glycerie, 24, GY.

glycollic, 69,

hydriodie, 17.

hydrobromie, 17.

hydrochlorie, 14, 23, 82, 63,

isoleie, 41,

nitrie, 24, 69, 78, 78, 74,

— oleic, 22, 29, 81, 34, 47, 192,

oxalie, 18, GY.

palwmitie, 22, 81, 82, 87, 192,

- propionie, 21, 23.

- sodium phosphate, 64.

stearie, 22, 81, 87,

sulphde, 28, 31, 82, 86, 87,
38, 34, 64, 7Y,

—— vilerianie, 21, 24,

Acvolein, 12, 17, 19, 53, 56, 54,

(39,

—- production ol, 20.

— vapours of, 37,

Aleohol, 17,

— ullyl, 69,

Allfield’s copying ink, 164,

Allyl aleohol, GY.

— — production of, from glycer-

e, 14, i\_"'\" o)

- dodide, 17, 18, G4,
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Allyl sulphide, 69,

— sulphoeyanide, 4.

Ammon-gelatine dynamite, compo-
sition of, 124,

Ammonium nitrate, 124,

Ammon-wenther dynamite, com-
position of, 128.

Analysis of glycerine, chemical,
208-30.

Antiseptic soaps, liquid, recipe for,
196.

Atlas powder (Ameriea), 120.

Barnasnye
81.

Bariam earbonate, 40.

— nifrate, 112, 113.

Bone-charcoal, 52, 61, 62, (3.

Bottger’s eomyposition for a copy-
ing ink, 163.

Brmin's explosive powder,
117,

Brun, prepured, 112,

Biichhaister, logwood copying ink
according to, 164,

Buildings, construction ol,
nitration purposes, H23.

Bntyrie neid, 21, 28, 224,

y =d

air-stirring process,

101,

lor

Jaterun earhonatie, G-l
— chloride, 8.1

— oxulate, G4,

~- phosphate, (1.

_gn,proic acid, 21,
arbon, 119,

FOXEIAY
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Carbon dioxide, 18.
Carbonie acid, 69.
Cartridges, fuse, 104.
— — for frozen dynamite, 1.04.
— moulding of, 104,
Castor seeds, 43.
Caustic lye, 47.
Cellulose dynamite, 101, 119,
Charcoal, 113, 134.
— filters, 62,
Chemical analysis of glycerine,
208-30.
China, clay as substitute for in-
tusorial earth, 111.
Chlorhydrin, 23, 90.
Chlorhydrins, the, 14.
Chlorine, 15.
Chromograph masses, 154.
Clay dynamite, 111
Colour printing, prescriptions in
conneotioii with, 166.
Coloured hectograph inks, 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.
— — Birmingham recipe for.
164.
— glycerine, 162.
“— — logwood, recipe for. 1G4.
— inks, 161.
Cosmetics, use of glycerine in.
173-4.
Crystals, glycerine, 67.

Dexrroivicator  for
nitric acid, 87.
Dibromhydrin, 17.
Dichlorhydrin, 25.
Diglycerine, production of, 90.
— nitro-mono-chlorhydrin, 90.
Dualin, 101, 118.
— cartridges, 118.

extracting

Jualin, disadvantage of, as coin-
pared with dynamite, 118,
Jynamite, 99.
— ammon-gelatine,
os, 129),
— analysis of, 281, 232, 283, 234,
235, 236.
— cartridges, oxdinary, 104.
= cellnlose, 101.
— with chemieally-active absorb-
ing material, 100,
_. — — non-active absorbing
material, 1.00,102.
— factory, 105.
— frozen, properties of, 104.
— gelatine, 102, 111
— — composition of, 134.
— glycerine, examination of, by
acetin method, 219.
— — test of, by nitration, 220.
— guhr, composition of, 128.
— gun-cotton, 102.
= and lithofrakteunr, experiments
with, 115.
— manufacture of, danger con-
nected with, 105.
— and nitro-glycerine, investiga-
tion of, 2381.
— properties of, 106.
— of Vonges (France), 125.
— Wetter, 98.
Dynamites 3, 8, and 4, 1L01.
— 2, 3, and 4, composition of,
119

composition

Enzywrs, decomposition of fats
by, 42.

Epibromhydrin, 17.

Epichlorhydrin, 16.

Ethyl nlcohol, 21.

Evaporation apparatus used for
concentration of blic lyes, 44.

Lxplosive gelatine, 103, 111.

— — composition of, 122, 128,

124,



Explosive gelatine and gelatine
dynamite, testing of, 286, 237,
238, 238Y).

— — preparation of, 121.

T'ar .SPLITTING, enzyme method
of, 42.

— — by steam, process of, 41.

TFats, decomposition of, by en-
zymes, 42.

— — — by lime, 35.

__ —by steam, 40.

— — — by sulphurie ~ ~ i3d.,

— saponification of, by means of
caustic alkalies or
yuicklime, 82,

— — — by use of quicklime, 88.

— — — with sulphuric acid, 37,
45,

— table showing decomposition

of, by steam, 42.
Patty acids, separation from gly-
cerine, SO.
— acids, production of, by use of
caustic alkalies, 32.

Filters, charcoal, 62,

Formic acid, 18, 23, 69, 224,

Fulminating dynamile, 124.

Fuse cartridges, 104.

— — for frozen dynamite, 104,

Gas meters, glycerine as filling in,
202,
Gelatine dynamite, 102, 311

124,
— composition of, 124,
diseovery of, 121.
and explosive gelatine, test-
ing of, 2386, 237, 284,
239,
knending machines for pro-
duction of, 123,
— manufacture of, 122,
explosive, 07, 102, 111,
glycerine, 147, 148,

1238,

< Grelignit ” (gelatine dynamite),
124,

Glauber's stilts, use of, in lower-
ing explosion temperature ol
dynamite, OS

Glue and glycerine, preparations
of, 145.”

Glyceric acid, 24, 69.

Glyceride, lend, 130.

Glycerides, 22.

(tlycerine, action of iodine coni-
pounds on, 17.

— addition of, to aleohols, 196,

— — to wine, beer and liqueurs,

196.
adulteration of beverages with,
198, 202.
- applied to the manufacture of
inks, 156.

— to microscopy, 189.

— to the weaving industry,
204,

in beer, determination of, 230.

boiling point of, &8.

cement, 130.

— behaviour of, on treatment

with chemical reagents,
130, 131, 182, 133.

chemical analysis of, 208-30.

— properties of, 6.

for clay modelling, 204.

cold cream soap, 193.

composition of, 7.

compounds, 7-10.

211.

copying ink, 162.

cream, recipes for, 176, 178,

crude, A0,

— distillation of (Van Ruym-
becke's and W. F. Jobhin's
apparatus for), 61,

deliming of, 4.

decolorntion of, 4.

deconposition products of, 10.
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Glycerine, derivation of word, 2.
— discovery of, 1,2.
- - cxysmlhmn property of,

65.

— distillalion of, 53.

— — apparatus, construction of,
57

— — condenser for, construction
of, 54.

— — regulation of steam in, 64.

— for dynamite .making, ex-

amination of, 216,

— emulsions, 176.

— ether, 12, 13.

— extensive uses of, 8, 4, 5.

— for exploswe manufacture,
217

— __ the ertmction of perfumes,
67,

— for filling gas meters, 208.

— filtration of, 61, 62.

— — of, over bone charcoal, 64.

— gelatine, 147, 148.

— glue, 146, 147,148.

— — masses for making hecto-
gmph blocks, 150, 151

— and glue preparatlons of, 145.
— glue for printing rollers, 148
149, 150,
— jelly, recipes for, 176, 178.
— trom lead sosp, 27.
— as a lubricant, SOH.
= nitrated, explosive qualities ol
— nitration of, 217.
— — of for producing powerfu
explosives, I..
— obtainable from ncetonc, .
— oxidation of, 69,
— plaster, 194,
— pmducmon of, 1,8, 9, 27, 75,
— of allyl aleohol f).olll 18.
— properties of, 6.
— pure, 3.
— — production of, 51.

ilycerine, purifieation of, by
nieans of erystallization, 63.

— soaps, 182, 183, 184, 185, 186.

= — liquid, production of, 191.

— from soap lyes, recovery of, 46,
46

— soaps, superfatted liquid lano-
line, recipe for, 195.
— — trangparent, production of,
187.
— solubility of various substances
in, 70.
— solutions, table giving specific
gravity of aqueous, 67.
— solvent Broperties ol, 70, 71,
165, 194.

— specific gravity of, 66.

— in the stearic acid factory, pro-
duction of, 2¢.

— test for sugar contents in, 225,
226.

— tests for impurities in, 223,

— toilet recipes, 17¢, 177, 178,
179.

— treatment of, with haloid acids,

18,
— — —.— nitric acid, 73.
— use of, for medieal purposes, 1,
194,

— — —— in paper making, 200.
— T T in perfume making, 70,
— — — lor preservation of furs
rind animal skins, 115,
- T T _é&r whole mi-
mals, 137.
— —— — in protecting metals
_ Which rust easily, 203,
— — — In soap manufacture, 1,
70.
— — — in technical chemistry,
70.
— — — in textile industry, 2043,
— — — in tobacco manufacture,
200,
— — — in L toilet - preparation,
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Glyccriuc used in the manufacture
of leather, 140.

of soap, 181.

— — — — preparation of cos-

meties, 178,
— — production of copying
inks, 161.

vaponrs, 55, 56, 60.

— water, the nature of, 44.

— with water, mixtures of (tables
showing specific grnvities),
218.

in winc,

227.

Glycero-phosphoric acid, 13.

— sulphuric acid, 10, 23.

Glycerose, 69.

Glyeollie weid, 69.

Guhr dynamite, 97.

— — composition of, 128.

Gun cotton, 72,73, 78, 9%4.

— — dynamite, 102.

Gypsum, 34, 37, 45.

determination of,

Hurornaxy, glycerinc  distillatioi
apparatus, of, 58,

I{ectograph blocks, making, fron
glycerine-glue and gelatine
150, 151,152.

ink, black, recipe for, 160.

— green, recipe for, 1060.

— — red, rccipe for, 159,

= violet, recipe for, 158.

-~ inks, 156, 157.

masses nceording to Wortha,
155,

-— formulae lor making, 153,
154, 1.65.

[Tereules powder (Amerien), 125,

ydriodic neid, 17.

Hydrobromic acid, 3.7.

Ilydrochlorie acid, 14, 23, 32, 63.

Hydrogen, 69.

— sulphuretted, 28,

247

INK, copying, Allfield's, 164.
— = Birmingham, 164.
— = Bottger's composition for a,
168.
— — glycerine, 162.
— thin blue, recipe for, 158.
— violet, hectograph recipe for,
158, 159.
Inks, copying, 161.
— glycerine applied to the manu-
facture of, 156.
— hectograph, 156.
— — recipes for, 158, 159, 160,
161.
Todide, allyl, 17, 18,69,
— phosphorus, 69.
lodine compounds on glycerine,
action of, 17.
Isoleic acid, 41.

Jupsox powder (America), 126.

Kanso dynamite, 125.

Karbonit dynamite, 125,

Kieselguhr, 99.

dynamite No. 1,99, 100.

— applications of, 110.

— discovery of, 102.

— manufacture of, 103.

— qualities of, 100.

Kneading machines for production
of gelatine dynamite, 123.

Kolonial powder, 101, 116.

Krebitz process, the' (prepmation
of lime soap), 35.

Kubin’s weather dynamite, ~om-
position of, 128,

Luan glycerine, 180.

— oxide, 28.

— soayp, glycerine from, 27.

Leather, use of glycerine in the
manufacture of, 140.

Lignose, 101,117,118,

Lime, decomposition of fats by,
35.



— soap, 34.

— soap, powdered, 35.

Lithofrakteur, 101, 111.

— advantage of, over dyunumite,
116.

MaaNESIL, use of, in decomposition
of fats by steam, 41, 42.
Manganese, 112, 113.
— sulphate, use of, in decom.
position of futs by enzymes,
44

Meganit dynamite, 125,
Methylic aleohol, 0.
Monochlorhydrin, 25.
« Montejus,” the, 79, 83.

Nrirpate, ammonium, 124,
— sodium, 124,
Nitration apparafus, 80-84.
— — newer typs of, according to
0. Guttmann, 83.
— of glycerine, 217.
— vesse!, pattorn of an older, 82,
Nitrie acid, 24, 88, 64, 73, 78, 74.
— — triglyceride, 25,
Nitro-glyceride ester, 20.
Nitro-glycerine, 2, 8, 26.
— — as to acid and
analysis of, 2§1.
— application of, in fechnics
of explosives, 98,
chemical constitution
78,
decomposition of, during
explosion, 7.
discovery of, 8.

alkali,

of,

-

— — elleet of, o11 workmaen, I<
— — explosion of, and the re-
sulting gases, 93,

an indivect  explosive
substanee, (4,

— T oas

dion of, according Lo
Sobrere, 74,
of,

tures, 91,
- property of, in proeess of
decompasition, 9,
~ — pure, speeific gravity of,

a0,
— — and waste neld, sopuration
ol, 865,
~~~~~ yield of, from glyeoring, 88,
— — the manufuehure of, 749,
Nitro-powder, sufety  (Amerien),

126,

Nobel, experiments by, 90, 445,

explosive oil, T4,

Nobel’s process, Tor obtaining e
quantities ol nitro-glyeerine, 75,
70,

— wonther dynamite, composilion

af, 124,

O11, olive, 28,
piuli, 33, 41

Oleie aaid, 92, 20, 31, %4, 41, 47,

e 102,

Olein, 381,

Olive oil, 94,

Oxalie aeid, I8, 60,

Oxide, lowd, 28,

Parat ofl, 83, 41,

Palmitios weid,
192,

Palmitin, 31,

e
KRN
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Pantopollit dynamite, composition | Soaps, liquid tar, recipe for, 194.

of, 125

Perfumes from flowers, extraction
of, by means of glycerine, 167,

Petroleum, hair, preparation of,
179.

Phosphorus iodide, 69.

Phosphorus pentoxide, 69.

Totash lye, 4G.

= soap, 46.

Potagsium hydroxide, 69.

Printing rollers, glycerine glue for,
148, 149, 150.

Propionic ecid, 21, 28.

Propylene, 17, 18.

Ruexrr dynamite, 125,

Sanr, comumon, 46,

Saltpetre, 76,

Salts of lime, 61.

Sarrau and Vieille, experiments of.

97.
Sawdust, prepared, 112, )
Sebastin and Serranin explosives
119,
Soayp, glycerine cold cream, recipe

for, 103.
— — used in the manufacture
of, 181.

— lead, glycerine from, ‘37.
= lime, 34.
— — preparation of
process), B4,
— lyo glycerine, 61.
— lyes, recovery of glycerine from
46.

— potash, 46,

= oleine, 192.
-— production of, 46.
— sodinm, 46, 47,

(Krebitz’s

Soaps, glycerine, 182, 183, 184
135, 136.
— liquid antiseptic, recipe for

196,
— — storax, rvecipe for, 195,

— transparent glycerine, produc-
tion. of, 167.

— — recipes for, 191.

Joda crystals, 97.

— lye, 47, 52, 63.

Sodium carbonate, 64.

= nitfrate, 124.

— oxalate, 04.

— sesqui-carbonate, 118,113.

— soap, 46, 47.

Spodium, 61.

— powder, black, 64.

Steam, decomposition of fats by,

40.
— regulation of, in distillation of
glycerine, 54.
Stearie acid, 22, 31, 37.
— — tactory, production of
glycerine in the, 29.
stearin, 31.
Stonit dynamite, 125.
Storax soaps, liquid, recipes for,
195.
Sulphide, allyl, 69.
Sulphocyanide, allyl, 69.
Sulphur, 112, 113.
Sulphuric acid, 23, 31, 32, 36, 37,
38, 39, 69, 9.
- = de%%mpasition of fats by,

Taruow, 33, 41.

Tax soaps, liquid, recipe for, 194.

Tetrachlorhydrin, 15.

Tetra-nitro-glycerine,
of, 89.

Lranzl experiments, 120.

Tribromhydrin, 17.

Trichlorhydrin, 15.

Triglyceride, nitric acid, 25.

Triglycerides, ‘32

Trinitroglycerine, 25.

Tri-nitro-glycerine, use of, for ex-
plosive purposes, 73.

*

production
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Twitchell process, the, for pro. | Water contents of glycerine, tables

duction of fatty acids, 39. showing, 212.
««Weather’’ dynamites, 126.
VALERIANIC acid, 21, 23. Wetter dynamite, 98.

Vigorit (America),126. )

Vulean powder (America), 126, Zinc chloride, anhydrous, 38, 89.
Zumic powder, 122,

WasTE products, 87. — — preparation of, 124.
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