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PREFACE.

TaE work before the reader has been prepared with a desire
to aid the manufacturer of Oils in his avocation. It is more
practical than theoretical.

A great deal of valuable information relating to the pro-
duction of the hydro-carbon oils from bituminous minerals, is
scattered throughout the French, German, and English scien-
tific Journals, and numerous patents granted in those countries,
to which the public have not convenient access. The infor-
mation collected from those sources, that seemed applicable.
to the present treatise, has been carefully recorded therein.

The author has had much experience in the manufacture
of the oils referred to, and during a period of several years,
while he was engaged as a consfllting chemist in the actual
working of manufactories, he endeavored to discover and
inscribe every useful fact having a bearing upon the subject.
Those facts are communicated in the body of this work.

It is hoped that the professional chemist will find upon the
pages of this volume, something to interest him, and espe-
cially as regards the homologous compounds of carbon and
hydrogen.



viii PREFACE.

The recent discoveries of vast reservoirs of petroleum in
the Western and Southern States of the Union, have received
a due share of attention; and the most accurate information
regarding their supplies of oil, that could be obtained, has
been recorded.

To assist the engineer and machinist, such drawings have
been introduced as were called for in a work intended for
general application in a most valuable and important branch
of modern industry.

Nrxw Yogk, Nov., 1860.
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COAL, PETROLEUM, AND OTHER OILS.

CHAPTER 1.

Early records and progress of the distillation of oils from coals and other
bituminous substances.—Introduction of kerosene, patents, petroleum,
varieties of coals; their origin and composition.—Effects produced upon
coals by heat.—Variety of oils distilled from coals, bitumen, etc.—Pro-
ducts of common bituminous coals, etc.

IN a treatise devoted to the manufacture and purification
of oils, it might be deemed proper to consider the oleagi-
nous substances derived from the animal and vegetable
kingdoms; but the present treatise is intended to give a
descriptive account of the mineral oils only, and the
modes by which they are manufactured and purified.

The rapid advances made during the last ten years in
developing mineral oils, and their growing importance to
the world for illuminating, and various other purposes,
give them a value not rivalled by the whale fisheries of
the Atlantic and Pacific Oceans.

The ancient inhabitants of different parts of the world,
civilized and barbarous, were acquainted with those natural
oils which flow from the earth, namely, mineral oil, or

2



8 .7 EARLY RECORDS.

nﬁ})]g.t.ha, bitumen, etc. The Persians, Burmese, and other
*- nations still continue to employ those substances in their
... arude state to give light, and for medicinal purposes. As

_»"- early as 1694 Eeele, Hancock, and Portlock made * putch,

tar, and oyle out of a kind of stone,” and obtained patents
therefor. In 1761 oils were distilled from black bitumi-
nous shale, and were employed in the cure of certain dis-
eases, as stated in Lewis’s Materia Medica for that year.

More than a century ago oils were obtained by the dis-
tillation of coals, but the purification of those oils, and their
application to the common requirements of life, have been
slow in their progress, and are not even now brought to
perfection. The papers of the Royal Society of London,
the Philosophical Transactions, and other European publi-
cations, give accounts of the distillation of oils from coals
and other bituminous substances. In 1781 the Earl of
Dundonald obtained oils from coals by submitting them to
dry distillation in coke ovens, like those employed by some
manufacturers of the present day for the same purpose.
Laurent, Reichenbach, and others distilled the tars obtained
from bituminous schists, These tars were purified in some
degree by Selligue, and the oils subsequently obtained an
extensive sale in Europe for burning in lamps, and for
lubricgting machinery. Many other chemists have from
time to time contributed improvements in the purification
of hydrocarbon oils.

The discovery of coal gas brought a new class of oils
to the notice of the chemist, but the purification of those
oils, and their application to useful purposes, have been but
slowly advanced.

The first successful attempt to manufacture oils from
coals in America was made by the author of this work.
Oil from coal was made and consumed in lamps by him in
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his public lectures at Prince Edward’s Island, in August,
1846, and subsequently at Halifax, Nova Scotia, accounts
of which are still extant. The patents afterwards obtained
for, his improvements were sold to the North American
Kerosene Gas Light Company, and the oils are now manu-
factured and sold under the denomination of * Kerosene
Oil.”* Several patents, obtained by other persons at later
dates, are but modifications of the modes of manufacture
previously laid down, and contain but little that is new in
principle.

Patents were granted in England, in 1847, to Charles
Mansfield, for “an improvement in the manufacture and
purification of spirituous substances and oils applicable to
the purposes of artificial light,” ete. Mr. Mansfield’s ope-
rations appear to have been chiefly directed to the coal tar
of gas works, from which he obtained benzole. Ile was
perhaps the first to introduce the benzole or atmospheric
light, which is described at length in his specifications.

James Young, of Manchester, secured a patent in England
(Oct. 7, 1850), and subsequently in the United States
(March 23, 1852), for * the obtaining of paraffine oil, or an
oil containing paraffine, and paraffine from bituminous
coals.” These patents have been the subject of much dis-
cussion, and law proceedings have been instituted by Mr.
Young against several oil companies for infringements of
his alleged rights. The manufacture has nevertheless
advanced rapidly, and has been extended to the chief cities
of the Atlantic seaboard, and over the coal regions of the
West. The claims of those patents extend to the distilla-
tion of coal in close vessels, and to the degree of heat
employed for that purpose.. The oils produced by Mr.
Young's method are inferior in color, odor, and illumi-

* From xnpds, wax, and &acor, oil.
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nating properties to those now manufactured by other che-
mists, and as his claims are under the consideration of the
legal authorities, with them the decision should be left,
without the interference of public writers.

The progress of discovery in this case, as in others, has
been slow and gradual. It has been carried on by the
labors, not of one mind, but of many, so as to render it
difficult to discover to avhom the greatest credit is due. It
is, notwithstanding, just to admit, that from the facts dis-
closed in the beforementioned patents, a spirit of inquiry
was aroused, and experiments were multiplied. Almost
all the patents that have recently been granted embrace the
leading features of former discoveries, and some of them
are characterized by a total lack of invention, and a desire
to evade the claims of others.

The total number of patents granted, with inventions
and improvements claimed for the manufacture and puri-
fication of oils from coals and other bituminous substances,
since 1781, are more than one hundred in number, and
upwards of forty patents have been granted for retorts,
stills, and other apparatus connected with this branch of
industry.* ’

Since the introduction of kerosene into the market, coal
lands of every description within the limits of the United
States have been explored, and bituminous clays, sands,
and peat, have become objects of great interest. The pro-
ducts of those materials have been overrated, and the cost
of manufacture underrated, by stockholders of coal 0:l com-
panies.

During the past year numerous springs of petroleum
have been opened in some of the Western States, and oils

* See Reports of Patent Inventions, European and American, also The
American Journal of Science and Arts, vol. xxx, 1860.



12 VARIETIES OF COAL.

are produced.from them which are not inferior to those
obtained from the most approved varieties of coal. A
description of those oils, and the best practical methods for
their purification, will be given in another part of this
work, and if the above springs maintain their present sup-
ply, they will materially affect the distillation of oils from
coals, bitumens, and other kindred materials.

Coal is evidently of vegetable origin, and consists chiefly
of plants which have been subjected to great pressure, heat,
and chemical agencies through vast periods of time. Its
value to commerce, manufactures, machinery for warlike
purposes, and for oils, is beyond computation.

The varieties of coal have heretofore been classed under
the heads of

Anthracite, or Hard Coal,
Caking Coal,

Cherry Coal,

Splint Coal, and

Cannel Coal.

These five varieties have the following composition :—

RicnArDSON. TroomrsoN.
AN A
Anthracite. Caking Coal. | Cherry Coal. ¥/ Splint Cosl. | Cannel Coal.

Carbon 9256 87952 83025 82:924 7625
Hydrogen 3-33 5239 5250 5491 ¢ 550
Nitrogen ¢ “ | “ “ 161
Oxygen 253 3:806 8566 8847 13-83
Ashes 158 1393 1-549 1128 2:81
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Other varieties of combustibles have been arranged by
Berthier in the following manner :—

|
TR R | B | P | s, Teman
Carbon 38 54 73 94 95
Hydrogen| ¢ 05 05 2:565 “
Oxygen “ 26 20 2:56 “
Ashes 1741 14 02 “ , “
V}‘z:&‘;: } 28 « « «“ «
Iron 113 “ « o ) 5

|

The names given to combustible substances have been
applied with reference only to their common characters and
uses. Frequently coals bear the names of the places where
they are mined. Few of their appellations have any
reference whatever to their chemical composition, and
therefore in seeking for oil coals (if the term may be used)
the manufacturer must be directed by an actual test of the
material itself.

In the same coal field, the same series of strata, and in
the same stratum, there are important differences of compo-
sition. It is as providential as wonderful that the carbo-
naceous material of the same deposit is adapted to different
uses.

The varieties of coal may have been produced from the
different kinds of plants from which the coal has been
derived, and the peculiar conditions of the districts where
those plants flourished before their downfall and inhuma-
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tion, or submersion. The changes that have taken place
in the original plants during their passage from woody
fibre into coal, are ascribed to the evolution of a part of
their carbon, hydrogen, and oxygen, as there is less of those
elements in the coal than in wood. This will be observed
by viewing the following table :—

Oxyggn
Composition of the Anthracites of the Nl&gen.
Transition Rocks . 90° 240 369

Carbon. Iydrogen.

“ “  Bituminous Coal of the
Secondary Rocks . 86° 4:86 711

“ “  Lignites of the Tertiary
Rocks . . . 6036 500 25:62
Wood (recent) . . . . . 4960 5480 42-56

It will also be observed that the older the formation
the greater the amount of carbon contained in its coal, the
amount of hydrogen being diminished. This fact may be
ascribed chiefly, or in part, to the greater degree of heat
and pressure to which the lower and older coal strata have
been, and still are subjected.

The gases of deep coal mines are very similar to those
of gas manufactories, and such as are produced by a high
temperature. The deeper the mine the greater is the dis-
charge of carburetted hydrogen. It is to the internal heat
of the carth, and other chemical agencies combined with
causes of less force, that we must chiefly ascribe the trans-
mutation of wood into coal. The similarity of the distilled
products of wood and coals, and of charcoal and coke, should
not be overlooked in seeking for proofs of the vegetable
origin of coal. In mines of lignite and cannel coal car-
bonic acid or choke damp is almost the only gas present.
In lower coal mines, or those that have been longer under
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the influence of heating and other chemical agents, carbu-
retted hydrogen or fire damp predominates.

Liebig has shown the great loss of oxygen, and increase
of hydrogen and carbon in lignite and brown coal during
their transition from a vegetable to a fossil state ; still there
is much that remains unexplained regarding other kinds of
coal.

With a view to a proper arrangement of the subject,
various materials capable of yielding oils by distillation
will be considered in regular order. The chief of those
materials, so far as present discoveries extend, are coals,
bituminous shales, asphaltum, bitumen, bituminous sands
and clays, petroleum, lignite, peat, caoutchouc, gutta
percha, and the tars produced in the manufacture of
stearine. :

‘When organic bodies' are exposed to heat, with the free

admission of air, they undergo combustion. The greater
part of the carbon is expelled in smoke, or in carbonic acid,
the hydrogen in water, or carburetted hydrogen, and the
_nitrogen, if any be present, escapes in some compound of
ammonia; but if those substances have heat applied to
them in close vessels, there are new results, and a greater
interchange of elements takes place.

In 1730 Hales distilled substances to discover if they
contained air. In 1773 the same gentleman and Dr. Wat-
son obtained gas from coals, and in 1786 Lord Dundonald
burned the gas that arose from his coke ovens at the ends
of iron pipes for the amusement of his friends. In 1792
Mr. Murdoch commenced lighting buildings with coal gas,
and since that period gas lighting has been extended to
every quarter of the globe. Besides the gas employed for
illumination, it was thus early observed, that other gases
and oils were produced by the distillation of coals. The
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discovery of coal oils is therefore as old, if not older, than
the discovery of coal gas, and cannot now be justly claimed
by any living man.

When substances composed of carbon, hydrogen, and
oxygen are submitted to dry distillation, the first effect is
to remove oxygen from the body in the form of carbonic
acid, or water. After the oxygen has been removed car-
bon and hydrogen escape, as carburetted hydrogen, or
olefiant gas. If some of the acids are distilled they lose
oxygen in the form of carbonic acid and water, and are
converted into new acids. Organic acids distilled with
strong bases part with the elements of carbonic acid, which
uhniting with the base and the acid, minus the carbonic acid,
comes over in the form of a new product.

If a quantity of coals be placed in a suitable retort, with
a condensing apparatus attached, and heat be gently and
gradually applied thereto, the first result will be the escape
of water in the form of vapor, or steam, and frequently
mixed with an extremely light, volatile, and inflammable
hydro-carbon, which is but partially condensable into a
spirit, or oil. The hygroscopic water contained in the coal
appears in the form of vapor, sometimes mixed with car-
bonic acid, and if the coal contained nitrogen ammonia is
among the products. Then as the heat is increased a
- series of oils of different specific gravities are condensed,
the lightest or first distilled having the character of a spirit
rather than an oil; finally, when the heat has been raised
to 750° or 800° Fah., gas, free carbon, and a number of
pyrogenous substances appear, known as dead o:, which
mixes mechanically with the aqueous products, and settles
to the bottom of the receiving vessel. Throughout the dis-
tillation more or less water, formed by the oxygen and
hydrogen present, continues to flow. Usually in proper
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retorts the oils will all distil over at a temperature of 750°
Fah." A higher degree of heat produces permanent gases’
from any volatile matter that may remain in the charge;
but besides the elements before-mentioned, coal frequently
contains sulphur and other minerals, which, by entering
into new combinations during the distillation, yield other
compounds, the modus operands of whose formation is not
well understood. 1In all these changes electricity plays an
important part, and this remark will apply to all the pro-
ducts obtained by the distillation of bituminous and olea-
ginous materials. In the retort there remains a.quantity
of fixed carbon, or coke, united to the ash, which usually
consists of silica, alumina, lime, and the oxides of man-
ganese and iron.

The results here described are greatly modified by the
kind of coals used, the degree of heat applied, and the
mode by which the oleaginous vapors are condensed. The
shape of the retort, the weight, or thickness of the charge,
and the position and size of the discharge-pipe, also have
an influence over the yield of oil, and the time required
for its production.

In general, coals which yield the greatest amount of vola-
tile matters, exclusive of hygroscopic moisture, afford the
most oils, and estimates are often formed of their value by
a simple test of the weight of matter expelled by the appli-
cation of a moderate degree of heat. This test, however,
is often delusive, as some coals expel much more free car-
bon during their distillation than others, and the sulphur
contained in coal adds nothing to the oil, while it consti-
tutes a part of its volatile products. Nor does such a test
afford much information regarding the quality of the oils
a given quantity of coal will supply. A long smoky flame
is indicative of much free carbon, a shorter and more lumi-
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nous flame denotes that there will be much fixed carbon in

" the coke. Some varieties of coals are peculiarly adapted

to the manufacture of gas, as their chief products by heat
are carburetted and bicarburetted hydrogen ; such coals
do not always contribute the most oils.

It is of the utmost consequence to the manufacturer
of coal oils to know the quality as well as the quan-
tity of the oils any one material will afford. For this
the only reliable test is to submit the material to dry
distillation, and the whole process by which coal oils are

_ purified,

It will be seen hereafter that coals, coal shales, asphal-
tums, petroleums, and other bituminous substances, yield
not one, two, or three oils; but series of homologous
compounds. Some members of these series are of high
specific gravity, some of low, or, as the oils are called,
heavy and light; the light being eupion, or benzole, the
heavy the oil pressed from paraffine, and, finally, the solid,
as paraffine, naphthaline, etc.

These several series of hydrocarbons are greatly influ-
enced by the heat employed in their distillations, the con-
densers, and, finally, their mode of treatment. Again, there
are not two kinds of coal that will give the same products,
even by the same modes of manufacture. Some yield much

‘light, others much heavy oil ; some send over much paraf-

fine, and what are called by manufacturers impurities,
namely, naphthaline, carbolic acid, copnomor, etc., ever
attending the distillates. It is from ignorance of these
facts, and of the chemistry of the above productions, that so
much smoky and offensive oil is seen in the market.

Few common bituminous coals can be successfully
employed in the oil manufactory; their distillates abound
in creosote, or carbolic acid, and their purification is expen-
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sive. Asphaltums, bitumens, bituminous shales and clays,
and cannel coals, are the most productive of oils. A table
setting forth the respective merits of a number of those sub-
stances will be appended to the next chapter. 1A few of
them deserve particular notice.
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CHAPTER II.

Materials employed for the production of oils.—Boghead coal.— Albert coal,
—South Boghead conl.—Brown coal.—Bitumen of Trinidad, Cuba, United
States, Canada, etc.—Extent of coal fields.—Petroleum springs.—Origin
of petroleum.—Table of bituminous substances, etc.

BOGHEAD COAL, OR BITUMINOUS CLAY.

THIS peculiar mineral occurs at Torbane Hill, in the car-
boniferous limestone of the Frith of Forth, Scotland. Itis
the material from which Mr. Young obtains paraffine oil
and paraffine, and his manufactory is in the immediate
vicinity of the mines. It has been extensively shipped to
the United States, and employed in the manufacture of
kerosene at New York and Boston. During the year 1859
the North American Kerosene Gas Light Company im-
ported upwards of 20,000 tons of this material for the sup-
ply of their works at Newtown Creek, Long Island, and at
an average cost of eighteen dollars per ton. In consequence
of the discovery of numerous strata of cannel coals in the
Western States of this country, and of cheaper substances
for the production of oils, the importation of the Torbane
11ill mineral will doubtless be discontinued.

Although this mineral possesses few of the characteris-
tics of a true coal, the term coal has been applied to it for
commercial convenience. It has been the source of long-
continued and expensive lawsuits. The point in dispute
affected the ownership, whether it was coal, or not coal.
Numbers of the most scientific men in Europe were
arraigned before courts and juries to decide whether the
so-called Boghead coal is coal, or bituminous clay. There
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was a decided preponderance against the term *coal,” and
in favor of “bituminous clay.” Finally the contending
parties compromised, and the term coal was permitted to
be applied, although the bitumen of the Great Pitch Lake
of Trinidad has an equal right to that appellation.*
Boghead coal is among the most valuable minerals for
the manufacture of oils. It has an uneven fracture, is of an
earthy color, and burns with a long smoky flame. It
yields 13,000 cubic feet of gas, of specific gravity 0-775, per
ton. As it contains only traces of nitrogen, the quantity
of ammonia given off is small. The following is the
medium result of four trials in testing its qualities : —

Volatile matter . . . . 70-10
Carbon in coke . . . . 10-30
Ash . . . .. . 19-60

100-00

The ton of coal run in common retorts gives 120 gallons
of crude oil, of which 65 gallons may be made into lamp
oil, 7 gallons of paraffine oil, and 12 lbs. of pure paraffine.
The coke is worthless, and the ash consists chiefly of silica
and alumina. At a price of 11 dollars per ton for the coals,
the coast of the oil is estimated at 63 cents per gallon.}

ALBERT COAL.

This bituminous mineral occurs at Hillsboro', Albert
County, in the province of New Brunswick, and within
four miles of the Peticodiac River. It is an injected vein,
situated almost vertically in the earth, and from one to six-
teen feet in thickness. Tt is associated with rocks highly
charged with bitumen, and has neither roof, floor, under-

* London Juuradl of Gas Lighting, iii. 521. Young vs. White, and others.

$ Report of the Committee North American Kerosene Gas Light Company.
New York. 1860.
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clay, nor stratum of stigmaria, nor other accompaniments
which distinguish coal deposits from all others.*

The Albert coal, so called, is extremely brilliant, breaks
with a conchoidal fracture, does not soil the fingers, and is
strongly electric. It melts, and drops in the flame of a
candle, and dissolves in naphtha and other solvents, form-
ing a varnish. It has all the essential properties of
asphaltum, while it is void of those which constitute true
coal. Like the mineral of Torbane Hill, it has been the
subject of disputes and lawsuits, the total cost of which
has exceeded thirty thousand dollars. If the substance
were coal, the coal was the property of one party; if asphal-
tum, the asphaltum belonged to another. Coal had been
reserved by the Crown of Great Britain; but asphaltum
was not mentioned in the grants of the land. In April,
1852, an intelligent jury, who analysed the mineral at Hali-
fax, decided that it was asphaltum, and not coal. Another
trial was held in the county where the so-called Albert coal
is mined in July of the same year. It lasted eleven days.
Chemists were summoned from every quarter, and under
the most conflicting testimony, and with a jury of farmers,
the advocates for coal obtained a verdict, and the asphaltum
has since been called Albert coal. The composition of the
Albert coal is as follows :—

Carbon . . . . 86307 85400
Hydrogen . .. 8962 9-200
Nitrogen . . . 2:930 3060
Sulphur e traces a trace
Oxygen e 1971 2:220
Ash . . . . 0-100 0-120

100-000 100-000

C. M. WETHERELL. GESNER.

* See Taylor on Coal, 2d edition, p. 516.
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The average yield of crude oil by four trials in large
retorts was 110 gallons per ton, and

Volatile matters . . . . . 61-050
Cke . . . . . . . 30650
Hygroscopic moisture . . . . 0-860
Ash . . . . ... 7-440

100-000

Of the crude oil 70 per cent. may be made into lamp oil,
10 per cent. is heavy oil and paraffine. The coke is exceed-
ingly brilliant and cellular; it burns rapidly, and gives a
strong heat.

BRECKENRIDGE COAL.

The Alleghany, or Apalachian coal field of the United
States has been estimated to embrace 63,000 square miles.
Interstratified with the common bituminous coals, in this
vast region there are very numerous strata of cannel coals,
adapted to the manufacture of oils. In the numerous sur-
veys and valuable reports made on the coal districts, cannel
coals are seldom described as a distinct variety.

A peculiarity of the great Western coal field is, that the
coal does not appear to be separated into basins, or lake-
like depressions in the earth, as it is in Europe, and in the
anthracite coal districts. The bituminous coal is found in
the tops of hills, and even in the Alleghany Mountains, in
beds nearly horizontal, and it displays the same peculiarity
as it stretches away towards the Gulf of Mexico, the
Canadian Lakes, and the Rocky Mountains.

Among the cannels that have been discovered Brecken-
ridge coal holds an important place. This coal occurs in
Breckenridge County, Kentucky. It is a rich variety of

8
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cannel, three feet in thickness, and has already supplied a
large amount of oil and paraffine. The lamp oil, when pro-
perly purified, is of good quality ; although the oil heretofore
sent from the manufactory near the mine to the New
York market has been generally inferior in color and odor.

At a red heat this coal yields—
Volatile matters . . . . 61300
Fixedcarbon . . . . .© 30000
Ash . . . . . . 8055
Hygroscopic mixture . . ‘646
Sulphur, a trace

100-000
By the ordinary methods of working, this coal yields 130 .
gallons of crude oil per ton, of which 58 per cent. was
manufactured into lamp oil, and 12 gallons into paraffine
oil and paraffine. The quality of the coal is variable, and
the products are very much influenced by the degree of
heat applied to the retorts in the distillation.

CANDLE TAR.

The tar and pitch resulting from the manufacture of
stearine have been employed for the production of oils.
Large supplies have been imported from England into the
United States, and sold under the names of * grease” and
candle tar. The ordinary yield of crude oil from this mate-
rial is 200 gallons per ton, of which 70 per cent. may be
made into lamp oil, and 10 per cent. into lubricating oil.
The oils are excellent in quality; but heretofore the first
distillation of the tar has been attended with inconvenience, °
as it “ foams up” in the retorts, and the coke adheres very
firmly to their sides. The price has varied from 25 to 40
dollars per ton.
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SOUTH BOGHEAD COAL.

Near Poole (England) there occurs a peculiar kind of
shale, which has been'sold as * South Boghead Coal.” It
abounds in the remains of fishes and crustacea. It gives
out 42 per cent. of volatile matter, and therefore has offered
an object of trial to oil-makers; but the oils made from
this rock contain a greater number of the equivalents of
carbon than these derived from coals, or bitumens, and with
the ordinary density they smoke in the common lamp. It
seems quite evident that the elements of the oil—carbon,
hydrogen, oxygen, and nitrogen, now composing the shale,
in part, have been derived from fishes and other marine
animals, and not from the vegetable kingdom, as in the.
case of coal.

BROWN COAL.

Singular beds of brown coal have been discovered
on the Ouachita River, Arkansas, and at other places in
that quarter. They contain the remains of sphagneous plants
and woody fibre. It appears that peat bogs have been
overflown, or otherwise saturated with petroleum, and
hardened by time and oxidation. The oils distilled from
this material abound in paraffine. It has the following
composition in 100 parts:—

Volatile matters condensed into oils, and gas uncondensed 60-10

Fixed carbon . . . . . . . . 3285
Ash . . . . . . . . P 705
100-00

Crude oil at the rate of 68 gallons per ton was obtained
from it. It is semi-solid when the thermometer is at 80°.
Fah,, and, besides lamp and lubricating oils, it produces
148 1bs. of paraffine per ton.
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BITUMEN OF TRINIDAD, CUBA, ETC.

The celebrated Pitch Lake of the Island of Trinidad* is
upwards of three miles in circumference, and forms the
head of La Brae harbor. At the time of the author’s visit
to the place, the bitumen, of the consistence of thin mortar,
was flowing out from the side of a hill, and making its
way outwards over more compact layecrs towards the sea.
As the semi-solid and sulphureous mineral advances, and
is exposed to the atmosphere, it becomes more solid; but
ever continues to advance and encroach upon the water of
the harbor. The surface of the bitumen is occupied by
small pouds of water—clear and transparent, in which
. there are several kinds of beautiful fishes. The sea, near
the shore, sends up considerable quantities of naphtha from
submarine springs, and the water is often covered with oil,
which reflects the colors of the rainbow. In the cliffs, along
the shores, there are strata of lignite, in which it has been sup-
posed by some the bitumen and naphtha had their origin.

It was from this bitumen the author first obtained kero-
sene, which differs in some degree from “ coal o0il.” The
bitumen is of a grey color, somewhat brittle, but still yield-
ing, more or less, to the summer heat of the sun. A cargo
of broken masses will consolidate itself in a ship’s hold in
such a manner as to require mining before it can be dis-
charged. Its shipment has been refused under the belief
that it strains the vessel. The following is the result of
several trials made with reference to its application for the
manufacture of oils :— ’

Specific gravity . . . . 0882
Crude oil by first distillation . . . 71 gallons
Oils by second distillation per cent. . 62 «
Paraffine per cent. . . . . . 12

* See the frontispiece,
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Of oil proper for lamps it gave 42 gallons per ton, and for
lubrication 11 gallons. A bitumen yielding more than the
above quantities of oils may be obtained in small quanti-
ties on the borders of the Great Lake. The odor of the
oils obtained from Trinidad bitumen has heretofore been
very offensive. It may, however, be removed by proper
treatment. ‘

There are several extensive mines of bitumen (chapapote)

in the Island of Cuba, and springs of petroleum have been
known to the Spaniards since the early settlement of
Havana. The average product of crude oil obtained from
‘this bitumen is 120 gallons per ton. It has recently been
shipped to England for manufacturing purposes; but with
all the skill that has been applied to them the oils retain
their objectionable odor.
- Central and South America abound in asphaltum, bitu-
men, petroleum, and bituminous clay, which have begun to
draw the attention of enterprising Americans. The latter
is an excellent article, and its oils are free from many of
the impurities so often contained in coal oils.

Valuable deposits of bitumen have been discovered in
California and Nicaragua. The asphaltes of Coxitambo,
Peru, have long been known. Bitumen and petroleum
also exist in Canada, in the county of Rambton, one hun-
dred miles east of Detroit. The naphtha of Rangoon has
been shipped from Burmah to England, and, after purifica-
tion, to the New York market for sale. It yields three per
cent. of paraffine, and much heavy oil. A vein has recently
been discovered near Cairo, thirty miles east of Parkers-
burg, Virginia. It is represented as a perpendicular mass,
jutting out from the side of a hill two hundred and ninety
feet. The strata of the hill are nearly horizontal, and they
are cut at right angles by the continuous vein of the bitu-
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minous mineral, which is four feet eight inches in thickness.
The position of the vein has been ascertained by the pro-
prietors, who have sunk a shaft upon the line of the out-
orop. A sensible description represents that it appears the
hill has been split, a perpendicular chasm opened, and after-
wards filled with asphaltum in a liquid state, and which
has since hardened into a compact material. Coal never
occurs in this manner; but is always interstratified with its
associate sandstones, shales, and fire clays. In all its geolo-
gical relations and character, the Cairo deposit is like the
asphaltum of Albert County, New Brunswick. The bitu-
men veins of Cuba.have similar positions in the earth.
The Cairo asphalt will no doubt be found valuable for the
manufacture of oils. But it is the oil resources of the
United States that more particular descriptions are called
for. The geology of bitumen and petroleum opens a wider
range for investigation than this work is intended to take.

PETROLEUM SPRINGS AND BITUMEN OF THE UNITED
STATES.

Among the number of natural productions adapted to
the manufacture of oils within the limits of the United
States, none appear at present to be of greater value than
the petroleum of the coal region. The *“Seneca or Gene-
see oil " has long been known, collected, and employed
for medicinal purposes. It occurs in the State of New
York, at Cuba, Cayuga Lake, in Cataraugus County, Syra-
cuse, and other places. At Fredonia, Chautauque County,
natural jets of carburetted hydrogen issue from the earth.
The gas is colleoted in gasometers, and employed for light-
ing houses. Similar streams of gas have been found at
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other localities.* These gas jets are evidently connected
with the naphthalous springs, and are the result of decom-
posing agencies going forward in the earth.

It has been already stated that the Alleghany bituminous
coal field occupies an area of 68,000 square miles.t The
number of those square miles in each of eight different
States has been set down in the following manner:}

Ko. Srarre. Arca of the Btates, | 4708 of Bituminons
Squsre Milea.
1 | Alabama . . . . 51,770 4,300
2 |Georgia . . . . 58,000 150
3 | Tennessee . . . 45,000 4,300
4 | Kentucky . . . 40,600 9,000
6 | Virginia . . . . 64,000 21,000
6 |Maryland. . . . 18,950 550
7|Ohio . . . . . 44,400 11,900
8 | Pennsylvania . . 47,000 16,000
Total 364,620 66,200

At numerous places, and throughout almost the whole
extent of this coal region, reservoirs of petroleum, deep in
the earth, and springs of the oil have been found to exist,
and frequently associated with salt water, and doubtless
salt itself.

® Vanuxim's first Annual Geological Report of the State of New York.
1831, p. 195,

+ Transactions Asso. American Geologists and Naturalists, vol. i, p. 436.

$ Taylor, Statistics of Coal, 2d ed., p. 271,
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The original manufacture of kerosene, for which the
public is much indebted to the New York Kerosene Gas
Light Company, was followed by the manufacture of *coal
oil.” The celebrity the oil has obtained for illumination
has led many to examine the earth, not only for coals, but
for every mineral that will afford oil by distillation. The
result has been remarkable. In some instances the borings
made for salt water have given vent to petroleum in large
supplies. In places where there have been indications of
the mineral oil at the surface, the earth’s crust has been
perforated, and the petroleum is now pumped up, and
constantly flowing from its deep subterranean cisterns.*
‘What is the value, it may be asked, of 63,000 square miles
of country which yields coal, iron, oil, and salt, beneath
its fertile s0il? | |1 Here are the elements of strength, heat,
light, food, and the giant steam opened at once to the
science, skill, and untiring energy of an enterprising people.

Mineral oil, or petroleum was known to the ancients, and
employed by them for various purposes. Herodotus treats
of the wells of Zakanthus, now called Zante, which still
yield bitumen. Plutarch describes the spectacle of a sea
on fire, or lake of inflamed petroleum, near Ecbatana. The
perpetual fires that burnt at the Pagan shrines are supposed

* To obtain the petroleum, holes of three and four inches diameter are
drilled through the debris of the surface and the rocks beneath. When the
oil is “struck” it is forced out by the pressure of the gas below, and flows
for some time without the aid of a pump. An iron pipe is inserted into the
hole, and 8o contrived that the surface water shall not enter the well. . To
the top of this pipe a pump is attached, and worked by hand, or by steam
power. So great is the discharge of the petroleum, in some instances, that
sufficient vesscls cannot be obtained for its reception, and it runs in oily
streams over the surface. Some springs yield 200 barrels per day. A reser-
voir of oil has been opened near Tideout, Erie County, Pennsylvania, at a
depth of 170 feet, which yields 300 barrels per day.
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to have been produced by springs of mineral oil inflamed
at the surface. The springs of the United States were
known to, and the oils used by the now dispersed tribes of
Indians. Between the mouth of Oil Creek and Titusville,
Pennsylvania, old vats are to be seen, and trees are now
growing upon the earth thrown out in the sinking of pits
to collect the naphtha of the surface.* At the present time
the principal borings for oil are in Pennsylvania, Virginia,
and Ohio. Explorations, and the sinking of pipes, have
been commenced in Alabama, Georgia, Tennessee, Ken-
tucky, and Maryland. The average depth at which oil is
obtained has not yet far exceeded two hundred and fifty
feet. Deeper sinkings may hereafter be found profitable.
Carburetted hydrogen gas frequently escapes from the pipe
when it is first let down into the earth, and sometimes salt
water rises with the oil. Accurate records have not been
kept of all the strata penetrated ; but they appear to consist
chiefly of limestone, sandstone, and shale. At the present
time upwards of five hundred and fifty wells have been
opened, or the borings are in progress. From the wells to
which pumps had been applied, twenty-five thousand gallons
of crude oil are raiged daily, and the quantity is rapidly
increasing. Before this report can go before the public, it
is quite safe to state that the daily supply of petroleum will
amount to thirty thousand gallons per day, for the supply
of lamps, and to relieve the friction of machinery.} The

* As early as 1845, Lewis Peterson, Eaq., of Alleghany County, Pennsyl-
vania, opened two springs of petroleum while boring for salt water. In 1847
these springs gave from thirty to forty gallons per day. The oil was sold
for medicinal purposes, and the supply from the springs has not abated.

t In Illinois the petroleum occurs in a porous limestone, through which
the oil filters. This rock has been called the prairie gas stone, and is proba=
bly of great extent.
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introduction of kerosene into the United States gave
rise to poetical deseriptions of the long and lasting holi-
day the whales of the sea would enjoy from the substitution
of oils from coals for oils from animals. It now appears
that the dreams of those who advocated peace with the
marine mammalia are to be realized. The purified petro-
leums not only afford liquid oils, but also the solid paraf-
fine, which for candles exceeds in beauty, and equals in
light, the pure sperm taken from the heads of the finny
monsters of the sea. ) \ :
Besides the petroleums before-mentioned, a bed of bitu-
men has been discovered in Ritchie County, Virginia, as
reported from that quarter. The samples received from
this new mine are bright, glossy, and brittle. They are
rich in oil, and yield at the rate of one hundred and seventy
gallons per ton. This bitumen is evidently petroleum, which
has at some remote period issued from the earth and been
hardened by evaporation and exposure to the oxygen of
the atmosphere. The oil springs frequently occur in the
immediate vicinity of the coal. They are within the bor-
ders of the coal field, and there can be no doubt that the
oil and the coal had one common origin. An idea has
been thrown out that the petroleum has been distilled from
the anthracites of Pennsylvania and bordering country, as
those anthracites in general contain no bitumen. But the
anthracite coal field is separated from the bituminous
coal region, and the chief districts of the oil springs by
the Alleghany mountains, and it is scarcely reasonable to
believe that the bitumen derived from the anthracites ever
penetrated through, or beneath lofty mountain masses of
primary and metamorphic rocks.
_ The fact has been very clearly made out, that the slow
and gradual passage of wood into coal is accompanied by
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the escape of carbon and hydrogen in the form of carbu-
retted hydrogen. #The oils themselves are compounds of
carbon and hydrogen. The one is a gas, the other a liquid,
and the latter is condensed from the former.

It appears, therefore, that the conversion of vegetable
matter into coal is still progressing in the bituminous Alle-
ghany coal field, and that the oils and gases now flowing from
the earth are only the results of those chemical operations
going forward in Nature’s laboratory, by which wood is
transformed into coal, and coal into anthracite, and even
into plumbago. Nor is this process very different from
that employed by art, for by the distillation of wood and
coals, charcoal, and coke, oils and gases are obtained, like
those now being distilled in the ever-working retorts of the
earth. In Alleghany County, Pennsylvania, and at other
sites, the springs and coal occur in immediate proximity
each other. o

Like the oils distilled from coals, the petroleums from
different springs vary in their specific gravities from 0-820
to 0880. This reality affords further evidence that the
subterranean distillation has advanced more at some points
than at others, for the lightest oils always distil first.
From the foregoing facts and the reasons which may be
deduced from them, it does not appear probable that the
oil springs will soon fail, but will continue their supplies
until all the chemical agencies operating upon the thick
strata of coal beneath have subsided, and the once woody
fibre of the coal has ceased to expel carburetted hydro-
gen.

A number of the most valuable materials for the pro-
duction of oils having been treated of, some of the different
kinds of coals and bitumens, and such as have been sub-
mitted to the test of working by the author, may be
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PRODUCTS OF COALS.

b, |l | ome | Taggeon
England.
Derbyshire. . . . . 4836 | 53 82 gallons.
Wigan Cannel. . . . 44 56 74
Liverpool “ . . 39 61 50
Poole (Shale) . 42 58 50
Newcastle . . . . . 35 65 48
Seotland.
Boghead . 7010 | 2990 | 120
Scotch Cannel. 38 62 40
Lesmahago . 51 49 96
Albert Coal, N. Brunswick | 61°050| 3065 | 110
Asphalte Rock “ 43 57 64
Pictou Shale, Nova Scotia | 27 73 47
American.
Breckenridge . . 6130 | 3855 | 130
Erie Railroad . . . . 35 65 47
Newburg . . . . . .| 38 52 72
FallingRock . . . . .| 50 50 80
Pittsburg . . . . . .| 36 64 49
Kanawha . . . . 46 54 71
Elk River . . 41 59 60
Cannelton . . . 34 66 86
Coshocton, Ohio . 45 54 74
Bitumen, &c., Uniled States.
Ouachita Rlver Arkansas. | 60 40 64
Ritchie County, Virginia . 170 gals. per ton.
Pennsylvania . . —_ - —_
Petroleum Springs, Alaba-
ma, Georgia, Tennes- From 70 to 90
see, Kentucky, Virginia, cent. of
Mnryln.nd, Ohi o enn- E;mp Oil.
sylvania . e .
) Cuba.
Bitumen. . 71 29 120
Trinidad,
Bitumen Co. 38 52 70
Canada. ‘
Bitumen. . 70 30 118
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noticed, and for convenience sake arranged in a table as
on the preceding page, omitting the fractions of their pro-
ducts.

The foregoing table will afford some guide to the manu-
facturer, regarding the propcrtions that crude oil bears
to the volatile matters of the material. The quality and
specific gravity of the oils, and the quantities of paraffine,
are not inserted, as they are ruled by the heat employed in
the first dry or decomposing distillation, a knowledge of
which is best acquired by experience.
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CHAPTER IIL

Nature of the Products distilled from Bituminous Substances.—Modes of
obtaining Oils.—Retorts.—D-shaped Retorts.—Revolving Retorta—Ver-
tical Retorts.—Clay Retorts —Brick Ovens.—Coke Ovens.—Stills.—Con-
densers.—Agitators, etc.

To obtain oils from coals and other dry bituminous
materials, it is fecessary in the first place that they shall
be submitted to dry or decomposing distillation, by which
oils are formed, the coke or fixed carbon remaining with
the ash in the distilling vessel. The economy and perfec-
tion of this operation depend upon the kind of retort used,
the degree of heat applied, and the efficiency of the con-
densing part of the apparatus. If a given quantity of coal
be distilled in a retort or close vessel at a heat of 1,200° or
thereabouts, in the manner that coal gas is made, a large
quantity of gas will be formed. The oily products will be
small in quantity, and consist chiefly of benzole, naphtha,
naphthaline, carbolic acid, piccamar, pittical, copnomor,
and other hydrocarbons, which, so far as the oil manufac-
turers’ objects are concerned, may be called impurities.
. They are not impurities; but in the progress of chemical
science they may hereafter become valuable. Again, the
crude oils obtained by such a heat contain more carbon
" than those produced by a lower heat, much of the hydro-
gen being driven off from the coal in carburetted gases.
But if the heat to which the coals are exposed does not
exceed 750° or 800° Fah., a different class of results fol-
lows. Instead of true benzole, eupion* will be formed,

* The composition of benzole is C,5. He. That of eupion is C;. H,.
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the naphthaline will be replaced by paraffine, the carbolie
acid, piccamar, copnomor, etc., will be less in quantity, and
there will be a great increase of the oils employed in lamps
and for oiling machinery. ‘

To obtain these results, not a little will depend upon the
form of the retort, and the mode by which the oily vapors
generated in it are condensed. The retort which will per-
mit the charge of coal to be equally heated throughout, is
best; for if the heat be strong on one part of the charge,
and weak on another part, the former will produce perma-
nent gas and impure oils, while the latter has, perhaps; a
temperature too low to produce oils at all. It is on this
account that revolving retorts, which keep the charge in
constant motion, have been introduced.

IFe

8cale
RETORT AND MAIN.—SECTION.

Full descriptions of all the retorts and ovens which have
been experimented with, tried, patented, used, and in use,
for distilling oils from coals, would not be interesting or
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useful. For such descriptions it is necessary to refer to the
American, English, and French records of patent inven-
tions. Great as their number is, it is still increasing.
Many persons besides chemists, who are concerned in this
kind of manufacture, and tyros in the art, have a fancy
for some novelty in which neither philosophy nor chemis-
try can discover any-merit, and vast sums of money
have been wasted in seeking the talisman that would
convert everything into oil.

Horizontal D-shaped retorts, of large size, two or three
being heated over one furnace, have proved satisfactory ;

G.W.CLBNER DEL WATERS-30R So
REVOLVING RETORT.—FRONT ELEVATION.

and in some instances they have taken the places of the
revolving cylinders. They may be made of iron or clay.
They are simple in construction, and readily charged
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and discharged. They may be made from thirty to
forty-five inches in width, and from eight to ten feet in
length. The latter size will distil three charges of cannel
coal, of 4501bs. each, in twenty-four hours, at a heat not
exceeding 780° Fah. Forty of these retorts and more may
discharge into one main, from which the gas is conveyed to
- a gasometer, to be afterwards used for fuel or for lighting.
It is necessary that the discharge-pipes leading from these
retorts to the main should not be less than eight inches in

E=2

REVOLVING RETORT.—PLAN.

diameter, to prevent pressure and insure safety ; and they
should be inserted into the end of the retort opposite the
4
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head and furnace, and upon a level with the upper part
of the charge. The main itself should be three feet in
diameter.

REVOLVING RETORTS.

Revolving retorts were employed by Gingembre, of
France,* and by others, many years ago, in the manufac- -
ture of coal gas; but from their cost, and liability to get
out of order, they were discarded. Since January, 1858,
several patents have been granted in the United States for
this kind of retort, as being adapted to the manufacture of
oils from coals, shales, etc. In some establishments they
are now in use; in others they have been replaced by large
D-shaped stationary retorts.

They are iron or clay cylinders, frequently six feet in
diameter and eight feet long, sustained upon an axle at
each end, the vapors passing through the axle opposite the
furnace, or head, where they are charged through a man-
hole in the usual manner. They are kept in motion by
machinery propelled by steam, making two or more revo-
lutions per minute. The advantages of the revolving
retort are, that the charge being constantly agitated
by the motion of the cylinder, every part of the material
is from time to time brought in contact with a heated sur-
- face, so that it is exhausted in much less time than it could
be in a stationary retort; thus, also, there is a saving of
fuel. A retort of the above dimensions will run six
charges of one ton each, in twenty-four hours, of ordinary
cannel coals. The objections urged against them, by
those who have given them a trial, are their cost and lia-
bility to get out of order. They also grind the coal to a
powder, which, by being carried along with the oily

® Prevets d'Invention, vol. ix.,, p. 235.
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vapors, is apt to fill up the condensing worm;: and its
admixture with the oil increases the cost of- purifieation.
But the rapidity by which they distil the coal, and the
saving of fuel, are certain results; and the ingenuity of
numerous inventors may hereafter relieve them from the
above drawbacks.

The revolving retort cannot be employed in the decom-
position of Albert coal, nor any of the softer bitumens.
These substances melt, and adhere to the iron closely, and
therefore cannot be agitated like dry coals, when they are
heated.

With the before-mentioned objects in view, namely, the
agitation of the material while it is exposed to heat, oscil-
lating retorts have been recommended and patented. Iron
bars are fixed longitudinally in the cylinders, to prevent
the charge from sliding, and to insure its rolling over.

BRICK OVENS.

Brick ovens have been introduced to decompose coals
and produce oils. They are made of fire-brick, and laid
in fire-clay. Their form is such, that the heat is distri-
buted over a large surface. These ovens are incapable of
resisting pressure, and they are apt to crack and grow
leaky. If they are ever found to be economical, it will be
in situations where coals and coal shales are cheap and
plenty, and where the loss of vapor and fuel are not things
of large account.

VERTICAL RETORTS,

In France, at Mehlam on the Rhine, and other places in
Europe, upright retorts are used. They have been em-
ployed . in Ireland for the distillation of peat. They are
filled from above, and when the charge is exhausted it is
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drawn from beneath. They require a great deal of fuel.
The yield of oil is small and impure.

—Break ——— i —
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Patents have been granted in the United States for
several vertical retorts, in which improvements are sup-
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posed to have been made upon those used in the o
Country ; but in none of these have the advantages sought

éxé

dIxg'

WATERY & SON
HORIZONTAL WASHER AND TANKS.—END ELXVATION AND S8ECTION.

for been obtained. It is obvious that the discharge of the
gases from which the oils are condensed must take place



44 WASHERS.

above the mass of the material in the retort. The sooner
the oily vapor of the charge is removed from the retort

— —akzr”
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se C.W.GEINER DIEL
RORIZONTAL WASHER AND TANKA—LONGITUDINAL SECTION.

and condensed, the greater will be the amount of oil pro-
duced ; for if that vapor is exposed to a heat equal to that
by which it was first formed, it will itself be decomposed,
and a part of it converted into permanent gases. Again,
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the vapor first formed will be deprived of a part of its
hydrogen, and there will be a diminution in the quantity
of lamp oil.

Agitators, or stirrers in retorts, have been introduced for
the purposes before-mentioned. Count de Hompesh
patented and used an Archimedean screw nearly twenty
years ago. By means of this screw the material was agi-
tated, and finally discharged at the end of his retort.
Several American patents have been granted for machinery
to stir or agitate the charge of material, both in horizontal
and upright retorts during its distillation. In situations
where coal is abundant, the value of these inventions
will be carefully weighed against the complemty of the
machinery and its constant wear. -

In order to apply a certain degree of heat to the sub-
stances undergoing distillation, baths of fusible metal have
been placed in retorts and stills, the melting point of the
metal being adjusted to the degree of heat required; but
the experienced distiller calls for no such aid.

CLAY RETORTS.

Clay retorts were used in the manufacture of coal gas
many years ago, and a contest has long been carried on
between their advocates and those who prefer iron for
that purpose. In Europe the clay retort is gradually -
coming into use. In Scotland the old iron cylinder is now,
seldom seen in gas works. The manufacturers of coal gas
in the United States are yearly submitting clay to the test;
but up to the present time, of all the retorts in operation, a
very few are composed of that material. When the clay
cylinder is first charged, gas escapes through the fine fissures
.opened by the baking of the substance. These openings,
however, are soon closed with carbon, and the retort is
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perfect. The chief advantage of the clay retort is its dura-
bility. In the distillation of coals for the production of
oils, they are, doubtless, valuable, and the ordinary mecha-
nic of the country understands the methods by which they
are put in working order. In their use, it should always
be understood that they will not withstand as much pres-
sure as iron, and therefore their discharge-pipes should be
large, and their condensing apparatus open and free.

Among the numerous means applied to the extraction of
oils from coals, coke furnaces merit some attention. Char-
coal has been known since the earliest ages. The coals
mentioned in Isaiah liv. 16, seven hundred and twelve
years before Christ, evidently refer to charcoal. The
cutting and piling up of mounds of wood, covering them
with earth, and firing them to obtain charcoal, is a process
familiar to almost every one. In this operation all the
volatile products of the wood escape in gas and smoke,
and are lost. Within the past century charcoal furnaces
have been invented by which those volatile products are
collected, and the distillation of wood has produced a new
class of substances; the chief of which are acetic acid,
pyroxylic spirit, creasote, picamar, copnomor, paraffine,
eupion, ete.

In China, Russia, and Sweden, the carbonization of wood
'is effected in pits, or furnaces not dissimilar to those for
which patents have been recently granted in this country.
The furnace is in the shape of an inverted cone, and the
receptacle for the tar is at its side. - Coal is converted into
coke in a similar manner. In Europe coke has been exten-
sively used in the manufacture of iron. In Great Britain
it is burned on railways to avoid the smoke produced by
coals, and coking furnaces are in constant use for its sup-
ply. In 1781 the Earl of Dundonald obtained oils by heat-
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ing a quantity of coals in a coke furnace. The oils were
condensed from the expelled vapors, and coke remained.
The manufacture of coal gas now supplies vast quantmes
of coke, and the oils are called coal tar.

In August, 1858, two patents were granted in England
for upright coking furnaces, the object being to obtain
crude oils, and not coke. In these, and in other instances,
the coals are produced in large perpendicular cones, or
cylinders of masonry. A fire is lighted below, and as it
advances upwards the volatile parts of the material are
driven off by the heat produced by itself, and without the
aid of any external heat.” Discharge pipes are fixed at the
top of the furnace, and communicate with a condenser in .
which the oils are formed.

The first objection that presents itself to this method of

EXHAUST AND CONDENSER.—SECTION. BOALE OF OOKE OVEN.—PLAN AND SECTION.

obtaining oils is the admission of air to the material, by
which combustion rather than distillation is the result. To
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afford a remedy for this difficulty Mr. Little obtained an
English patent in 1854, the invention of which is to draw,
or drive through the fire a blast of air, which is then said

VALSER =00 O
COKE OVEN.—$ECTION.

to be ‘“ burned,” or deprived of its free oxygen, so that the
~ combustion of the material is avoided, and the distillation
carried on by the heat afforded by the gases emanating
from the material itself. In this process the charge con-
tained in the coking furnace is first fired at the bottom,
then a current of air is drawn through the fire and the
material in the furnace by an aspirator or exhausting pump,
the oily vapors being drawn into condensing chambers, or
worms, in the manner practised in ordinary distillations.
An upward distillation has been opposed on the ground
that the oil, which at first would be at the top of the fur-
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nace, falls back, and undergoes repeated decompositions
before its vapors finally escape. In practice this objection
1s groundless, for if the vapors from which the oils are
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OOKE OVEN—PLAN.

condensed are light, they make their exit immediately ; if
they are heavy, and condense in the furnace, their oils are
improved by farther decomposition.

Patents have been recently granted in the United States
for gimilar coke furnaces. In one of these the current of
air is directed downwards through the fire, material, and
farnace, by a jet of steam thrown into the discharging pipe
below. After a wood fire has been kindled at the top of
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the furnace, and a stratum of hot coals is spread over the
charge, a downward current of air is started, and continued
until all the volatile matter is expelled from the material.
It does not appear, however, that reversing the air current
is a matter of any importance in the operation; the chief
object being to force it through heated bodies, and thereby
deprive it of a part of its oxygen before it reaches the-
charge. Ingenious as this method of distillation really is,
its economy is doubtful, for sufficient heat cannot be applied
to the charge in the furnace without the admission of oxy-
gen, and that oxygen, when admitted, results in more or less
actual combustion, which reduces the quantity of oils. This
method has been extensively tested by the New York Kero-
sene Oil Company, who, according to their published
reports, distilled only sixty-eight and one-seventh gallons
of merchantable 6ils and paraffine from one ton of Boghead
coal. By the large D-shaped retort seventy gallons of such
oils can be obtained. :

From what has been stated, this question presents itself—
‘What is the cheapest, most efficient, and economical retort
for manufactories of coal oils? Perhaps foremost in the
reply stands the large horizontal D-shaped retort—next the
revolving retort, which for running the greatest quantity of
~ oil in the shortest space of time stands unrivalled.

Next in importance to the form and the mode of apply-
ing heat to the retorts is the condenser, or cooling appara-
tus, in which the gases and vapors of the material assume
the liquid form. It may be laid down as a general rule,
that the sooner the lighter vapors generated in the retort
are withdrawn from it and cooled, the greater will be the
yield of oil. The discharge pipes of the retorts employed
in the manufacture of coal gas are upright cylinders, in
which a part of the volatile products of the distilled coal
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are condensed, and fall back into the retort, where they are
decomposed, and the quantity of gas thereby increased.

CRUDE OIL OONDENSER.—PLAN,

By this management the gas is made by the reduction of
the hydrogen of the coal tar, which, consequently, contains
much carbon, and is thereby rendered unfit for the manu-
facture of oils for lamps.* The exit, or discharge pipes,
should therefore open outwards from the retort, as near
to the charge undergoing decomposition as may be con-
venient. '

* See table of homologous compounds.
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Again, pressure upon the vapors generated, and the
retart itself, should be avoided as much as possible. The

CRUDR OIL OONDENSKR.

END ELEVATION.

dipping of the discharge pipe in a main, to seal it against a
return of gas, causes a pressure according to the extent of
that dip. The greater the dip the greater the pressure, and
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the quantity of oil will be diminished accordingly. It is
on this account that exhausting pumps have been applied
to the gas pipe leading from the main. The effect is to
exhaust the charge in one half of the time usually required
for that purpose, and with less heat in the furnace. But
exhausting pumps are expensive, and, when employed as
above, require to be kept constantly in motion. Therefore
when the crude oil is made at the mouth of a coal mine
their economy will afford matter for consideration.

The condenser may consist of the common worm gene-
rally used in distilleries—a serpentine pipe passing through
a cistern of water, or an open chamber, all of which must
be kept constantly cold by an influx of water.

But when much paraffine is present it is necessary to
keep the water at a temperature of 70° or 80° to prevent the
paraffine from cooling, and obstructing the apparatus. The
gas that remains after the condensation has been completed
may be collected in gasometers, and employed for illumi-
nating purposes—to afford heat for the subsequent distilla-
tion of the oils, or to produce steam.

STILLS.

The variety of stills, and the contrivances applied to
them, for the distillation of coal and other oils, equals that
of retorts. Experience has led to the almost general adop-
tion of cast iron stills for those purposes. They have been
made with bottoms concave upwards and with hemisphe-
rical tops, with bottoms concave downwards and flat tops,
some broad and flat, others high and cylindrical—some
have been placed in steam jackets—many are exposed to
the naked fire. The different opinions prevailing among
the manufacturers prevent any settled form being esta-
blished. Stills made of boiler-plate iron have been tried;
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but when a high heat is required, and they are exposed to
the direct action of the fire, they are soon destroyed, or
commence leaking at the rivets. When the heat exceeds
560°, which is necessary in the distillation of the heavier
oils and paraffine, they are in danger unless they are pro-
tected by the admission of steam, and guarded against the
fire of the furnace. Whether the still be of cast or sheet
iron, it is always unsafe to run the oil down so as to * coke”
its bottom.

In order to facilitate the flow of oils, stirrers have been
placed in the still to agitate the charge during its distilla-
tion. The effect of these stirrers will ever be to render the
distillation more or less imperfect, by lifting the impurities
upwards into the current of vapor rushing outwards into
the worm. Stills with double necks have been tried, but
without any real advantage. Some have preferred a large
still, and they have been made to contain three thousand
gallons. Such stills are more liable to accident, and dan-
gerous in the event of fracture than smaller ones, and have
no superiority in regard to time in working.

The first distillation of the oils may be carried on con-
tinuously by admitting into the still a small stream after the
heat is up and the distillate begins to flow from the worm.
But this mode requires more than an ordinary degree of
heat to compensate for the caloric taken by the inflowing
oil to bring it up to the distilling point. Simplicity of
machinery and steadiness of operation are always desira-
ble; on this account, for reasons already stated, and, from
many actual trials, the author recommends that the largest
stills, and those employed for distilling the crude oils as
they come from the retorts or oil springs, shall not exceed
in contents sixteen hundred gallons, and as there is gene-
rally a loss on the first distillation of ten or twelve per cent.
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in carbon and impurities, the working contents of the refin-
ing stills need not exceed fourteen hundred gallons. The
diameter of the largest stills may be eight feet six inches,
with a height of four feet six inches. The crown should

| Gin IFL. 2 \3F¢
1 1] ]
Scale
STILL.—8EOTION.
References.
A Gooseneck. @ Valve on gooseneck.
B Dome. e Steam pipe.
C Kettle. J Blow-off pipe.
¢ Manhole.

be moderately concave upwards to the neck. Those stills

must be carefully protected against the direct action of the

fire by arches of fire-brick. Common or superheated steam
b
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may be introduced into them through large rose jets open-
ing above, or into the charge. Steam always facilitates
their operation.”

CONDENSING WORMS.

The worms, or condensing tubes for the stills, should be
‘one hundred feet in length, with a diameter of six inches
where they.leave the necks, and four inches throughout
their middle parts, tapering down to two inches at the * tal
pipe.” The worms are surrounded by water, in a tank,
where they are kept cool. But when the oil contains paraf-
fine, the water must be allowed to heat up to 80° or 100°
Fah. In cold water the paraffine would become solid, fill
up the worm, and lead to the bursting of the still and all
its dangerous results.
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CHAPTER IV.

Products of the distillation of wood coals, asphaltum, bitumen, petroleum,
and other substances capable of yielding oils.

PRODUCTS OF THE DISTILLATION OF WOOD.

THE products of wood distilled in close vessels are very
numerous. The resinous woods give results different from
those not resinous, and each kind affords some peculiar

_products. During distillation all yield meore or less car-
bonic acid, carbonic oxide, and carburetted hydrogen.
Charcoal remains in the retort. Some of the products are
soluble in water, others are not. Of the products soluble
in water and volatile, there are acetic acid, or pyroligneous
acid. This is the most abundant liquid. It contains much
creasote, and preserves meat, giving it at the same time a
smoky taste and odor.

" Pyroxylic spirit—By distilling the crude pyroligneous
acid a mixed liquid is obtained, known as pyroxylic spirit,
or hydrated oxide of methyle. From this spirit Gmelin
and Liebig derived lignone, xylite, xylitic acid, naphtha,
xylitic oil, and resin, mesetine, methol, mesite, acetone,
and other volatile liquids have been obtained, of which, up
to the present time, there is but an imperfect knowledge
existing. '

PRODUCTS OILY AND VOLATILE.

Among these creasote i8 predominant. This is a clear
neutral oil, with an odor of smoke, and hot pungent taste.
It evaporates without residue, and is turned to a brown
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color by being exposed to the light. It is soluble in ether
alcohol, acetic acid, ammonia, and potash—is used as a
styptic, and considered as a valuable remedy for the tooth-
ache. Creasote has also remharkable antiseptic properties,
and is employed in dyeing and tanning. A distinction
between creasote and carbolic acid has not been clearly
made out.

Picamar was discovered by Reichenbach, with creasote
in the heavy oil of tar. With potash, it forms a crystalline
compound. It is a colorless oil, having a bot, bitter taste.
Its composition has not been clearly described.

Copnomor—With the creasote and picamar the above
chemist discovered copnomor, a limpid, colorless oil, highly
refractive, with an aromatic odor and styptic taste. Nitric
acid converts it into oxalic acid, nitro-picric acid, and other
complex substances, of which little is known.

Fupion, another oily, or rather spirituous liquid, dis-
covered by Reichenbach in the oil of tar, is C; H,. It
is readily purified by distillation, and has a specific gravity
of 0-740. The author obtained it from the tar of candle
manufactories, with a specific gravity of 0:640, and a boil-
ing point of 112°. It is, therefore, among the lightest
liquids known. It resists the action of the strongest sul-

_phuric acid. 'With nitric acid it forms several new combi-
nations analogous to those of benzole. It is perfectly
colorless, evaporates rapidly, and to some persons it has an
agreeable odor. This oil does not exist ready formed in
the tars, but is produced by the action of strong acids and
alkalies upon the distillates of crude oils. In the manu-
facture of hydro-carbon oils, eupion includes a number of
the members of the homologous compounds of carbon and
hydrogen. It is now frequently sold as benzole, and em-
ployed for making what is called the benzole or atmo-



PRODUCTS OF THE DISTILLATION OF WOOD. 69

spheric light, and for removing oil stains from clothes. A
number of liquids have been classed under the denomina-
tion of eupion; they are all hydro-carbons, and their .
formula is C, H, or Cs H,, or some multiple of it.

Eupion may not only be distilled from wood, but also
from other substances capable of yielding tars by distilla-
tion. It burns with a brilliant white flame, free from
smoke; but it is extremely inflammable, and a dangerous
liquid for lamps.

SOLID PRODUCTS OBTAINED FROM THE DISTILLATION OF
WOOD.

Pargffine is the name of a white solid substance, or
silvery scales resembling wax, discovered by Reichenbach.
It is formed in large quantities from the petroleum of
Rangoon, and the author has obtained it from the Ouachita
coal of Arkansas, at the rate of 143 lbs. per ton. Coals,
asphaltums, bitumens, petroleums, peat, and other sub-
stances, afford paraffine from one to five per cent. of their
oils. It is most abundantly produced by the distillation of
wax with lime.

Paraffine melts between 110° and 114°. Its specific
gravity is 0-870, and according to Lewis its formula is
Cg H;. It is readily made into candles, and in a
wick it burns with a beautiful, clear, white light; and the
candles are semi-transparent. It is indifferent to the
strongest acids and alkalies. A number of compounds of
carbon and hydrogen have been confounded with paraffine,
such as methylene, ethylene, butylene, etc. It is remark-
able that the paraffine produced by the distillation of dif-
ferent kinds of materials differs considerably on some
points of comparison, some having a higher, and some a
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lower melting point. These differences, however, may
arise in some degree from the amount of heat by which they
are produced, and their treatment to render them pure.
The greatest obstacle to the application of paraffine for
candles is its low melting point. It may be mixed with
bleached gax, which does not fuse, in general, below 154°.
The cup-like cavity around the wick of a pure paraffine
candle is apt to yield to the heat, and the melted material
overflows, and bears with it the name of “slut” Doubt-
less there are improvements to be made in the manufacture
of this beautiful article. Paraffine does not exist in coal
ready formed. It is one of the combinations resulting
from the interchanges of the elements of bituminous and
other bodies during their exposure to a high temperature.
Paraffine burns well in the kerosene or common coal-oil
lamp; when dissolved in hydro-carbon oils; but in cold
weather it hardens, and will not then ascend the wick.

Cedriret is a volatile solid which forms red crystals in a
solution of sulphate of iron. These crystals dissolve in
sulphuric acid, and the red color is changed to blue. The
blue tinge produced by reflected light of some of the
coal oils in the market owes its origin in part to the pre-
sence of cedriret.
~ Pittical—When heavy oil of tar is neutralized by potash,
and barytic water is added, the solution is of a deep blue
color, from the presence of pittical, which, when pure, is
like indigo. Its color has been fixed on cloth, but its
manufacture has not yet been brought to perfection.

Pyroxanthine is another volatile crystalline solid, first
obtained by Scanlan from pyroligneous spirit. Its crystals
are of a fine yellow color, easily fusible. Its composition
is represented to be Cy Hy O,

The foregoing are the principal products of the distil-
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lates of wood. Besides these, there are others which are
constantly engaging the investigations of chemists. They
are important, and in time they will probably be applied
to useful purposes. When the different kinds of wood, .
the different chemical changes produced by different de-
grees of heat, and the variable operations of re-agents are
considered, it is not surprising that this division of chemical
science should advance so slowly, and so little should be
known of the changes matter undergoes by seemingly
invisible agents. The identity of most of the before-men-
tioned products, with those resulting from the distillation
of coals, affords much additional evidence that coal and

bitumen, like wood and turpentine, have had one common
origin.

PRODUCTS OF THE DISTILLATION OF COALS AT A HIGH
HEAT, OR COAL TAR.

Certain specific spirits and oils have been obtained by
chemists from coals and other bituminous bodies. These
spirits and oils have been distinguished one from the other
by their densities, boiling points, and other characters, and
have received different and sometimes very inappropriate
names. From coal tar Peckston distilled oil of tar and
spirits of tar. Laurent, Reichenbach, Hoffman, and others,
have given the composition of coal tar. Wagenman applied
himself to the oils derivable from turf, brown coal, and
bituminous slate, from which he obtained photogen, solar
oil, and paraffine. From the slate near Bielefeld, En-
"gelbach distilled light oil, heavy oil, butyric fat, and
asphaltic fat.

Mansfield in his patent, registered in 1847, describes
alliole, benzole, tuluole, cumole, cymole, and mortuole,
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products collected by him from the distillation of coal tar.
Among the oily substances obtained by the distillation of
coal tar the following have been described :*—

Benzole . . . N . . . . C.. H,
Cumene, orcumole . . . . . . GCu,H,
Toluole, or toluene . . . . . . CuH,
Naphthaline .+« « « « .« GCuH,
Anthracene, or paranaphthaline . . . . G5 Ha
Chrysene . . . . . . . . Ci. 0,
Pyrene . . . . . . . . Cw Ha
Ampaline.

ACIDS.
Carbolic . o . . . . Cu Hb 0. H. 0.
Rosalic.
Brunolic.

BASES.
Ammonia . . . . . . . N. H,
Picoline, or odorine . . . . . Cun H, N.
Analine . . . . . . . Cl‘; H, N.
Leucoline, or quinoline . . . . . C, H; N.
Parvoline . . . . . . . Ci, Hia N.
Lutidine . . . . . Cu H, N.

and others not yet fully investigated.

Besides the foregoing compounds, derived from coal tar,
phenyle, pyrrole, animine, olanine, cyanole, benzidam, efc.,
and others have been described. It has been usual to sepa-
rate the coal tar of gas works into two parts, namely,
~naphtha and dead osl. The tar itself always contains much
finely divided carbon, the quantity of which is augmented
by a high heat. Both the naphtha and dead o:l consist of
a number of hydro-carbons. These cannot be considered
as certain compounds, as they are liable to great variations.
The nature of the coal, and the heat applied, as before
remarked, have much to do with the quality of the tar, cannel

* Bee Gerhardt, Chem. Organ. vol. iv., p. 426.
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coal being always more productive of spirits and oils than
common bituminous coal. Besides these various and varia-
ble products, several of them, if not all, have many deriva-
tives, formed by their combinations with other substances.
For instance, by the action of chlorine on naphthaline, we
have, according to the nomenclature of Laurent, chlonap-
lase, chlonaptese, chlonaptise, etc. By the action of bromine,
bronaptase, bronaptese, bronaptise, etc. The derivatives of
analine are represented as chloranoline, dichloranoline, tri-
chloranoline, bromanaline, dibromanaline, tribomanaline,
nitrodibromanaline, etc., and thus pages might be filled
with the names of these uncertain combinations, a sys-
tematic arrangement of which has not been completed.
These discoveries mark the progress of chemical inquiry,
although they have not, so far, added much to manufactur-
ing or commercial interests.

When coal tar, and especially that obtained from cannel
coal, is submitted to heat in a still connected with a proper
condensing apparatus, it is resolved into water, benzole,
naphtha, and various heavy hydro-carbonaceous oils—char-
coal remaining in the still if the distillation has been carried
on to dryness. In the meantime decomposition has taken
place, and products present themselves that did not exist
in the undistilled material. Of these products a part is
volatile, and another and the largest part is dense and not
volatile. The former may be advantageously distilled over
by the aid of steam at the temperature of 212°, the latter
by super-heated steam. Manufactories have been esta-
blished where the coal tar is distilled down to a thick
pitch, which is applied for roofing buildings; the dense oils
are employed for fuel in glass works; the benzole and
naphtha, after being rectified, are sold for dissolving gutta
percha and india rubber, for varnish, and for producing the
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benzole light. The heavy oils abound in naphthaline,
which has not yet been extensively applied to any useful
purpose. The last of the distillate frequently contains
paraffine oil and paraffine.

Among the valuable derivatives of coal tar, is picric acid,
Welter’s bitter, carbozotic acid, or nitro-phenesic acid of
some chemists. This acid was discovered by M. Guinon,
of Lyons, and its composition is stated to be C,; Hy N. O,
O, This substance is obtained by acting upon coal tar, or
coal tar naphtha, with strong nitric acid. It produces a
beautiful yellow color, which is capable of being fixed on
silks and woollen cloth. It is used in France and England
as a dye. The yellow stain communicated to the skin by
nitric acid, and which cannot be removed by washing,
arises from the production of picric acid. Analine also is
converted into a violet-colored powder, which has been sold
ffar $250 per 1b., on account of the beautiful red and purple
dyes it communicates to silks. Its colors are permanent,
and exeeed in delicacy any before discovered.

Benzole (Cyy Hg). Bicarburet of hydrogen (Faraday). Ben-
zine (Mitacherlich).—This oil, so called, although it is rather
a spirit, was discovered by Faraday, and by him condensed
from oil gas, Mitscherlich obtained it by distilling ben-
~ zoie acid with hydrate of lime, and it may be procured by
passing the ¥apor of benzoic acid through a red hot tube.
It exists in considerable quantities in coal tar naphtha,
from which it may be separated by fractional distillation.
It is readily purified, by first washing it with sulphuric
acid, then with a solution of caustic potash, or soda, and
final distillation over lime. Its specific gravity is 0-850, of
its vapor 2:742, and it boils at 186°. Like other liquids
distilled from coal tar, it is scarcely a distinct and separate
product; but forms a member of a series to be noticed
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hereafter. Benzole holds a medium position between alli-
ole, so called, and naphtha. With chlorine it forms chlo-
robenzole C,; Hy Cl;  Similar compounds are also formed
with bromine, nitric and sulphuric acids. It is itself a
starting point or type of a series of homologous ¢ompounds,
the common difference at each step being C; Hy These
compounds all admit of their hydrogen being replaced by
one, two, or three equivalents of chlorine, bromine, nitric
acid, and amide; finally they give rise to bases, of which
aniline or phenylamine is the type.*

It will be readily perceived how benzole differs from
eupion. In both, thé multiple, or increasing number of
the hydrogen, is two ; but as the benzole series starts with
two equivalents of carbon to one of hydrogen and eupion,
with one equivalent less of carbon than of hydrogen, the
former series contains the most carbon throughout. In
making the benzole, or atmospheric light,} the benzole
requires to be diluted with alcohol, to prevent the flame
from smoking. Again, eupion alone is found to be de-
ficient in carbon for that purpose. A mixture may be
made of the two liquids, in which the quantities of carbon
and hydrogen may be so adjusted that the light will be
brilliant and without smoke. ' _

By adding benzole gradually to strong nitric acid, with

* Gregory, Oullines of Organic Chemistry. London, 1853. 3d ed., p. 128,
~ t The benzole, or atmospheric light, is made by passing a current of air

through benzole, or other volatile liquid hydrocarbon. The air, by taking
up a quantity of the liquid, burns freely, and is distributed in the manner of
coal gas. Numerous machines have been invented for forcing a current of
air through the fluid, and some of them are very efficient. But below a
certain temperature the air will not convey vapor sufficient to afford a good
light. In cold weather, also, the vapor of the benzole condenses in the
pipes, and the liquid itself requires the application of heat. These difficulties
have so far been insurmountable.
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the aid of a gentle heat, a compound is formed which
dissolves in the acid, and, on cooling, collects on the sur-
face. On diluting the mixture with water, nitro-benzole is
precipitated in the form of a yellow oil. This oil has a
sweet taste, and the odor of the oil of bitter almonds, It
i8 used in perfumery, and in the bakery. Benzole is
employed for many useful purposes. It dissolves the gums,
resing, and all fatty substances. It removes from cloth
and silks spots of tar, grease, turpentine, etc., and for those
purposes it has been imported from France in small bottles,
which are sold at high prices. Its rapid evaporation
renders it also a substitute for alcohol and turpentiﬁe in
the preparation of paints and varnishes.

Cumole (C,y H,;), when treated like benzole, its ho-
mologues yield a crystalline solid, which is fusible and
volatile.

Toluole (C, Hg) is another oil, analogous to and
homologous with benzole. It boils at 226° and has a
speeific gravity of 0:870. When treated with nitric acid
it yields two compounds, nitrotoluole and dinitrotoluole.
Deville obtained a series of compounds from toluole, in
which the hydrogen was replaced by chlorine.

Naphthaline—This interesting and remarkable hydro-
carbon exists in almost all kinds of tar. In coal tar it is
‘very abundant. It does not exist ready-formed in coal,
but results from a high heat in its distillation, and an inter-
change of clements during the decomposition of the bitu-
minous mineral. Creasote, or carbolic acid, is its usual
companion, and seems to add to its quantity. By the
repeated distillations of coal tar, naphthaline will crystallize
at the bottom of the receiving vessel, and may be separated
from the oils that accompany it by simple draining and
pressure. It is rendered pure by agitation first with sul-
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phuric acid, then with a strong solution of caustic soda or
potash, and final distillation and crystallization. When
pure, naphthaline is colorless, and forms beautiful flat and
needle-shaped crystals; it evaporates rapidly, like camphor,
and gives out a peculiar odor, unpleasant to some persons,
but agreeable to others. Its taste is hot and pungent, and
it corrodes the skin. A soap made from it was considered
beneficial to the complexion. It distils with water, and,
like camphor, sublimes and crystallizes against the sides of
the bottle in which it is contained, and opposite the light.

Chlorine and bromine combine with naphthaline, and
lay the foundation of a great number of compounds,
which are formed by the substitution of the chlorine and
bromine for hydrogen. The labors of Laurent have been
successfully applied to this inquiry, by which a new field
of research has been opened, and the doctrine of substitu-
tion more clearly established. Sulphuric acid .exerts iwelf
upon naphthaline, forming kyposulphonaphthalic, hyposul-
phonaphthic acids, ete. Thus, also, with nitric acid; but
the number of these combinations, and the great length of
their names, render full descriptions of them unnecessary
in a work intended to be practical. Naphthaline is worthy
of a trial in medicine, and may hereafter prove itself to be
valuable in the arts. In its unpurified state it adds to the
offensive odor of the oils distilled from coals, and increases
the cost of their treatment.

Paraffine has been already described under the solid
products obtained from the distillation of wood. Its yield
from the coal tar of cannel coals is seldom more than cne-
fourth per cent. of the tar, and it succeeds the naphthaline
in the distillation.

Anthracene, or paranaphthaline (Cy Hy,), is polymeric
with naphthaline, and is obtained from the heavy distillates



68 VOLATILE BASES IN COAL TAR.

of coal tar. It melts at 850°, distils at 898°, and crystallizes
in thin, foliated plates. Like naphthaline, it is acted upon
by nitric acid, which produces a series of compounds, oxy-
gen taking the place of hydrogen. Thus we have hypo-
nitrate of ancethracenase, bi-hyponitrate of anthracenese, etc.

Chrysene also is found to exist in the last divisjons of the
distillates of coal tar. It is a crystalline solid, of a yellow

_color, melting at 465°, and not soluble in many liquids.

Pyrene (Cy, Hy) occurs with chrysene. It is acted upon
by nitric acid, which produces a number of derivatives.
Chemistry is mainly indebted to Laurent for the discovery
and description of many of these combinations. '

VOLATILE BASES IN COAL TAR.

Carbolic acid.—This is a colorless oil, which, in its general
characters, resembles creasote; and by some it is believed
to be only a modification of that compound. It also occurs
in the heavy distillates of coal tar, and boils at 380°. Like
creasote, it is very poisonous, and may be used as a remedy
for toothache. If a piece of pine-wood be dipped in car-
bolic acid, and then in nitric acid, it will become blue,
which finally changes into brown. This acid has an offen-
sive odor, which it imparts to coal oils, and thereby in-

" creases the cost of their purification.

Picoline (Cyy Hy) is a volatile, oily base, discovered in coal
tar by Dr. Anderson. It boils at 272° does not discolor
pine-wood, and is probably the odorine of Unverdorben.

Analine has been termed crystalline, cyanol, benzidam,
phenylamine, phenamine, phenamide, etc. This base occurs
among the products distilled from coals, and those pro-
duced by the destructive distillation of animal matter. It
is also described as having been obtained from indigo.



PRODUCTS OF THE DISTILLATION OF COALS. 69

The author found it an abundant product in the tar of
stearine manufactories, and the oils distilled from shales,
which contain the remains of fishes and crustacea. Ana-
line is a highly refractive, colorless oil, of specific gravity
1:020. When pure, it has a hot, pungent taste, and plea-
sant smell. It does not act on turmeric, but turns purple
to green. With bleaching powder, it produces a purple
color. This color is frequently seen in the coal oils of the
market. '

Nitric acid combines with analine, and forms nitrophe-
nisic (picric or nitro-picric acid). With chlorine, it forms
chlorophenisic and chlorophenasic acids.

Leucoline, or quinoline.—This base is found to exist among
the last and least volatile products of coal tar. It boils at -
460°, has a disagreeable smell, and neutralizes acids.

Lutidine is another of these bases, the nature of which
has been but imperfectly made out.

PRODUCTS OF THE DISTILLATION OF COALS AT A HEAT
or 700° To 800° FAH.

The oily products distilled from coals at a high heat, or
those produced in coal gas manufactories, have been called
tars. However incorrect this appellation may seem to the
chemist, .it will serve to distinguish those coal tars from
the products distilled from bituminous substances at heats
just sufficient to expel all the volatile matter they are
capable of affording. These are oils. The same descrip-
tion of coals, distilled at the same temperature, and by the
same mode, will always yield the same results. The prin-
cipal products of the decomposition of coals at a gas-
producing heat, have been already noticed ; but in order
to obtain the greatest amount of commercial oils, the heat
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applied to the distilling vessel should not exceed 800° Fab.,
while for the production of illuminating gas a temperature
of 1000° to 1200° will be required. Nevertheless, it should
ever be remembered, that to make the greatest quantity
and the purest oils, different coals require different heats,
some of them yielding up their oily vapors more readily
than others. Therefore, if the same coals which produce
the before-mentioned compounds of carbon and hydrogen
contained in coal tar, be dry-distilled at a heat not exceed-
ing 750° or 800°, the products will be different in quality
and quantity. Instead of benzole, there will be eupion;
naphthaline will not be formed, and if formed, the quan-
tity will be small ; the quantity of paraffine will be greatly
increased, and the amount of crcasote or carbolic acid
reduced ; so that the purification is less expensive. There
will be, also, a great change in the quality of the oils.
Instead of coal tar naphtha, which cannot be burnt in com-
mon lamps without smoke, on account of its being sur-
charged with carbon, there will be a large amount of oils,
with fewer equivalents of carbon, and admirably adapted
for illumination, and also denser oils for lubrication. The
following are the results of one ton Newcastle cannel coal,
distilled for gas and for oils:

DISTILLED FOR GAS.
Products.
. 7'450 cub. ft.
184 gals.
. 1,200 lbs.

Coal gas, .
Coal tar, .
Coke,

Products of the Coal Tar.
Benzole, . 3 pints.
Coal tar naphtha, . 3 gals.
Heavy oil naphthaline, &c. 9 «

Total, . 123 gals.

DISTILLED FOR OILS.

Products.
Gas, . 1-400 cub. ft.
Crude oil, . 68 gals.
Coke, . . 1,280 lbs.
Products of the Crude Oil.
Eupion, . 2 gals.
Lamp oil, 22:5 ¢

Heary oil and paraffine, 24

Total, . 48 gals.
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The product set down above as lamp oil consists of
several oils combined, which will be noted hereafter. '

PRODUCTS OF THE DISTILLATES OF ASPHALTUM, BITUMEN,
PETROLEUM, ETC.

The asphaltum of New Brunswick, now called Albert
coal, is one of the richest materials ever discovered for the
manufacture of oils. Seventy per cent. of the first distil-
late, after purification, may be brought up to a specific
gravity of 0820, and burned in the ordinary coal-oil
lamp. The material contains nitrogen, and therefore
" yields ammonia. It melts in the retort, and the vola-
tile parts escape at a lower heat than those of coal.
This may account in some degree for its greater yield of
oils, and their freedom from impurities. From it naph-
thaline is seldom produced; and although paraffine is
found among its products, creasote and other compounds
of its class exist but in small quantities, while the illumi-
nating oils are abundant. The oils themselves belong to
a series which contains less carbon than ordinary coal oils.
They burn freely, and give a clear, white light. The
asphalte, or bitumen, of the Dead Sea affords much oil,
mixed with the impurities before noticed. There is pre-
sent, also, a peculiar volatile oil, which gives even to its
purest products an unpleasant smell. This might properly
be called odorine, although it does not agree with the odo-
rine of Unverdorben.

The bitumen of the Pitch Lake of Trinidad contains sul-
phur, and sulphuretted hydrogen issues from the pit where
the semi-liquid mineral is discharged from the earth. By
distillation it also yields a whole series of hydro-carbon

6
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oils, some of which have been called naphtha, and repre-
sented as Cy Hy; others Gy H,, It is quite evident that
bitumens and their distillates differ materially in their com-
position, and therefore their value for the manufacture of
illuminating oils, or for gas, can only be ascertained by
experiment. This bitumen yields 70 gallons of crude oil
per ton of 2240 lbs. The impurities in its first distillate
are numerous. Among its soluble parts pyroxilic spirit
and other products of the distillation of wood have been
detected, giving evidence of the vegetable origin of the
pitch. All the oils distilled from this substance have a
most forbidding smell, which arises from a volatile oil.
This oil bids defiance to acids and alkalies, indeed the lat-
ter render it more persistent. .

The bitumens of Cuba yield from 100 to 140 gallons
per ton of the crude oil. These, when purified, are admira-
bly adapted to lamps. A British company has recently
shipped the bitumens (chapapote of the Spaniards) to
England for the making of lamp and lubricating oils; but
the odor has followed them, and presented an obstacle of
significance. Few of the bitumens of Central and South
Anmerica have been tested in reference to their composi-
tion, or value for hydro-carbon oils. Those of the United
States and Canada are beginning to draw the attention of

" manufacturers in reference to their value in competition
with cannel coals and petroleum.

The bitumen of Canada West contains decayed vege-
tables, and i8 no doubt the result of petroleum that has
long been exposed to the air; 2,000 lbs. yielded 109 gallons
of crude oils. From this crude product 64 gallons of lamp
oils were distilled, and also 18 gallons of heavy oils suita-
ble for lubricating machinery. It differs very essentially
from the bitumens of the West India Islands, and the oils
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require careful purification. The great diversity in the
characters of these substances opens an extensive range for
chemical research.

Bituminous sands and clays are found at many sites in
Central and South America. These, when submitted to
dry distillation, afford various quantities of gases and oils,
which possess the ordinary characters of bitumen oils.
Among those substances may be reckoned the * prairie gas
stone” of Illinois, of which glowing descriptions have
appeared in newspapers. This is a grey limestone, with
pores and cells partially filled with bitumen. By distilla-
tion therefore the rock yields hydro-carbon oils, carburetted
and bicarburetted hydrogen gases. One sample of the
rock gave at the rate of 18 gallons of crude oils, per ton.
The bituminqus brown coal of Ouachita, Arkansas, has
already been noticed.

All these oils, when purified, and when they are of a
specific gravity less than 0-850, are extremely fluorescent.
‘When freed from acids they appear yellow by transmitted
light, and by reflected light blue. The beautiful hues of
the rainbow are sometimes brought out by frequent distil-
lations and the use of sulphuric acid and caustic alkalies,
by which the illuminating oils are frequently injured. It
is a peculiar feature of impure coal oils to change color by
exposure to the air and light. Oils that come from the
worm of the still perfectly colorless will turn yellow, then
red, and in a few days a dark brown. Sometimes this
change of color begins at the surface of the oil, and pro-
ceeds downwardg until the whole mass is discolored. This
arises from the oxidation of the impurities by the atmo-
sphere. Changes of color also arise from the predominance
of an acid or an alkali in the oil, which should be perfectly
neutral. The purest oils, when exposed to the direct rays
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of light, will vary in color, according as the day is bright
or cloudy. They possess photographic properties not well
understood.

Petroleum, or mineral naphtha, is generated in the earth,
and issues from it at numerous places in the old world and
in the new. The naphtha of Baku, near the Caspian Sea,
is nearly colorless. The springs of the Burman Territory
at Yananghoung, upon the Irawady, send up a brown
naphtha. At this place 520 springs yield upwards of
120,000 gallons of petroleum yearly, and no diminution of
the supply has been recorded. The Barbadoes petroleum,
known as Barbadoes tar, the springs of which were visited
by the author in 1818, still send forth their oily products,
and the springs of other West India Islands and South .
America have not failed. All these tarry substances afford
oils by distillation, some of greater and some of less value.

The petroleums of the great Alleghany coal field do not
give the rank pungent smell of Southern naphthas, but a
mawkish odor equally unpleasant. In general they are of
a dark-brown color, and appear transparent when held
against the light. They vary in their characters, and espe-
cially in their specific gravities, which extend from 0-814
to 0:930.* The modes by which they are to be refined
must vary accordingly. The denser kinds yield much

~ heavy carbonaceous matter unfit for illumination. When
properly purified the oils are inoffensive, and burn with
great brilliancy.
" Some of the petroleums, when exposed to the air, evapo-
rate rapidly down’ to a thick bitumen, others resist evapo-
ration, and * skin over" like linseed oil. ‘I’heir oils differ

* A sample of native petroleum received from Dr. Dale, of Alleghany
County, Pa., and taken from a spring owned by Lewis Peterson, Esq., has a
specific gravity of 0-814, and will yield ninety per cent. of pure lamp oil.
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from those distilled from coals. They require a greater
heat in their distillation, and their vapors are extremely
inflammable. These petroleum oils usually commence to
boil at 160° Fah., but sometimes at a still lower degree of
heat. The lighter or spirituous parts of the charge then
begin to distil off, and as the heat isincreased the heavier
portions come over in succession until the thermometer
reaches 565°, when paraffine, if any be present, will begin
to appear. It is therefore extremely difficult to obtain any
one specific oil, of which the aggregate is compounded. A
thermometer fixed in the still indicates the boiling or dis-
tilling point of the mass at the time aof observation, and
nothing more. Each of the oils composing the aggregate
collection has a different number of the equivalents of
carbon and hydrogen, with which the several boiling
points doubtless agree; but the exact rate at which the
boiling point does increase, according to the proportions
of carbon and hydrogen present in the several oils, has
" not been accurately discovered.

Laurent has given the'composition of some of the oils
distilled from bituminous schists as follows : —

Boiling Points. Carbon. Hydrogen.
144° . . . . . . 86 143
171° . . . . . . 85 141
216° . . . . . . 862 136
304° . . . . . .- 8560 145

St. Evrre gives the following : —

Boiling Points. Carbon.  Hydrogen.
520° and 536° . . . . 36 34
485° “ 500° . . . . 28 26
414° “ 428° . . . . 24 22

268° “ 276° . . . . 18 16
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Candle Tar—When the tar resulting from the manufac-
ture of stearine is submitted to distillation, it sends over a
series of oils, the chief number of which are good illumina-
tors. Paraffine also appears in the latter part of the ope-
ration. Frequently there is the production of much aniline,
the vapor of which produces a burning sensation in the
throat and nostrils, and is very unhealthy. These oils are
easily purified by alternate washings with sulphuric acid
and solutions of the caustic alkalies, with final distillation.
They are of a light orange color. The lighter oils are
colorless, and by rectification they may be obtained of a
specific gravity not exceeding 0:680. The denser oils are
superior for lamps.

Caoutchene, or oil of caoutchouc, is produced by the
" distillation of India rubber, at a moderate heat. A series
of light oils, easy of purification, is the result. The vapors
are very heavy, and dissolve the resins, shellac, and amber.
These oils have been represented as being caoutchene, which
boils at 72° Faradayine at 96°, eupione at 124°, and -
caoutchine at 830°.

Gutta Percha yields oils nearly allied to the above.

Peat has been extensively distilled for oils in Ireland,
and also for its soluble products and paraffine. Its ordi-
nary productions from a ton, when worked by Reecis’
patent, are—

Ammonia L. . . . 0289
Acetic Acid . . . . . . 0-207
Naphtha . . . . . . . 0140
Oils . . . . . . . 1-059
Paraffine . . . . . . 0125

The Irish Peat Company, in the County of Kildare,
obtain from every ton of peat three lbs. of paraffine, two
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gallons of lamp oil, and one gallon of lubricating oil. In
America, where the materials for manufacturing those oils
are rich and abundant, it is not probable that peat will
ever be employed for such objects. The coke of peat
affords fuel, and may be used in the decolorization of sugar.
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CHAPTER V.

Composition of distilled oils.—Homologous compounds.—Table of the
same.—Compounds of Carbon and Hydrogen.—Gaseous compounds.—
Homologues obtained from coal tar, coal, bitumen, caoutchouc, ete.

OXYGEN OILS.

BEFORE entering upon a description of the methods
employed for the purification of the before-mentioned oils,
it is considered necessary to give some account of their
component parts and their derivatives. Oxygen enters into
the composition of all animal and vegetable oils, unless
those oils have been submitted to distillation, which, in
general, removes their oxygen and changes their charac-
ters. The oils distilled from plants with water are known
as essences, or essential oils. They seldom contain oxygen,
and are therefore called hydro-carbon oils. The volatile
vegetable oils contain oxygen perhaps without an exception.

The oils distilled from the bituminous and oleaginous
subgtances described in the preceding chapters contain no
oxygen when they are pure; they are composed of carbon
and hydrogen, and are therefore hydro-carbon oils. The
greater the quantity of carbon, in proportion to the hydro-
gen any one of them contains, the greater is its specific
gravity, the higher its boiling point, density of vapor, and
tendency to smoke when employed for the purpose of illu-
mination. An excess of carbon, however, does no harm
to any oil designed for lubrication, but rather gives it con-
sistency and durability. Regarding lamp oils, the greater
the amount of carbon they contain the greater will be their
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- illuminating powers, and therefore that is the best lamp,
which, when lighted, will decompose the greatest amount
of carbon in the flame. It is to the equivalents of carbon
and hydrogen contained in oils the attention turns as to
a starting-point in this inquiry.

ORGANIC AND HOMOLOGOUS COMPOUNDS.

It is well understood that certain series of organic com-
pounds occur, in which the quantities of carbon, hydrogen,
oxygen, and nitrogen increase or decrease, rise or fall, in
exact and certain quantities, or numbers of equivalents.
Take, for example, twenty volatile acids, as given by Dr.
Gregory, and with a general formula of C; Hy O, * as fol-
~lows:--

1 Formic acid . . . . . =G0, H. O,
2 Acetic . . .. . . = Ca Hc Od
3 Propylicacid . . . .« . = Cs H, O,
4 Butyric “ . . . . . =GCH0O
& Valerianic acid . . . . = C)n Hm Ol
6 Caproic « . . . . =C,yH O,
7 Enanthylic “ . . . . = Cu I,i O
8 Cnpryllc “ . . . . = Cu Hu 04
9 Pehrgonic “ . . . . = Cio s O,
10 Capric « . e . = Cu Hw O,
11 Msrgantic « . . . . = Cn Hn OA
12 Laurostearic ¢ A . . = Ca Ha O,
13 Cocinic “ . . . . = Cu Hae 00
14 Myristic ¢ .+« . . =0CuHxO,
156 Benic =~ ¢ . . . . = Cs Hx O
16 Ethalic “ . . e . = Cs Ha O,
17 Margonic  “ .« +« .+« =CuHyO,

* Handbook of Organic Chemistry, 8d edition. By William Gregory. Lon-
don, 1862,
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18 Basic acid . . . . . =0C,H,O0,

19 B&lenic “ . . . . . = CM Hn 04

20 Behenic . . - . . = Ca Hn 04

21 Cerotic “ . . . . . = Gy H,, O

22 Melissic * . . . . . = Cy H,, O
L]

Here we see the quantities increased by the number 2,
while the oxygen 4 is constant.

By his able and ingenious researches Laurent discovered
a law of substitution by which one element is replaced by
another, according to a perfect and harmonious system.
The correctness of this doctrine received confirmation by
Dumas, Dr. Hoffman, and Baron Liebig, and its opponents
yielded up their views to its facts.

“Of fifteen elements, the equivalents of ten of them, or
two-thirds, are represented by whole numbers, that is, they
are exact multiples of that of hydrogen, the lightest of
them all. They are—

“ Hydrogen . = 10
Oxygen = 80
Nitrogen . = 140
Sulphur = 160
Bromipe . . . . . . . = 800
Iodine = 1250
Fluorine = 190
Phosphorus = 320
Arsenic = 750
Carbon = 60

“If only ten of these were known to us, the law would
immediately be assumed that the equivalents of the metalloidal
elements are exact mulliples of the equivalent of hydrogen."*

A series of types has therefore been discovered. Those
types consist of different elements, and to which other

* Elements of Chemistry. By M. V. Regnault. Vol i, p. 347,
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simple substances may be added, or replaced while the ori-
ginal type is preserved. The series of volatile oily acids is
only one of a number of such series already made out, and
to which the oils distilled from oleaginous and bituminous
bodies must be added. These series are homologous. Each
member of them differs from the others by a certain num-
ber of the equivalents of carbon and hydrogen, or by a
multiple of them. In their properties these compounds are
perfectly analogous, and only differ in degree, and the
difference is exactly in proportion to the amount of earbon
and hydrogen they contain.
Taking the example given by Dr. Gregory—

“ Pyroxilic spiritis . . . . . C,H,O0,
Alcohol is . . . . . . C,H, O,
C.H O,

. . . . . . C,H, 0,

Oil of potato is . . e e . ©CuwH,O0,

Then the alcohol and pyroxilic spirit differ by C, Hy
The oil of potato and pyroxilic spirit differ by 4 C; H,,
The compounds between the oil of potato and alcohol have
not been discovered.

When a series of substances, especially if derived from
the same source, is discovered to have analogous properties,
it may be presumed that their compounds are homologous.
Although some of the members of the group, or links in
the chain, are undiscovered, they may. yet be obtained, and
the perfect series completed. It is only a few years since
two of the acids obtained by the oxidation of alcohol—the
formic (Cy H O;) and acetic (C, Hy O;)—were known. Now
recent discoveries have fllled up the series to sixty equi-
valents of carbon.
~ The alcohols and ethers, and the acids of their different
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series, differ by C, Hj, or multiples of one or both of these
numbers. Still, in all the members of a group there is a
family likeness. Here, also, the boiling point, and the
density of the vapor, are governed by the proportion of
carbon present. KEthyle, methyle, etc., have their deriva-
tives. Kach of these derivatives is the starting-point of a
series of homologues. M. Dumas, Dr. Gregory, and others,
have brought to notice the great analogy between the ele-
mentary groups — chlorine, bromine, iodine, potassium,
sodiuth, lithium, etc.,, and homologous organic groups.
Every organic compomid belongs to some series in which
each individual member of the elementary substances is
increased or diminished by certain regular and fixed quan-
tities. The fact may be again repeated, that the oils before
described as resulting from the distillation of the different
oleaginous and bituminous compounds, are not each a
single oil of their kind, but consist of many members, which
form a series of oils distinct one from the other. They
have the same root, but differ in the branches. Each mem-
ber of all their several groups contains a different num-
ber of the equivalents of carbon and hydrogen, forming
chains which rise, step by step, from the solid to the liquid,
and from a dense liquid to a light and extremely volatile
spirit, and finally to a gas. Again, each of those members
is capable of forming entirely new series of compounds,
when combined with other elements. As regards the original
oily groups, when their components of carbon and nitrogen
are the same, their properties will be the same, irrespective
of their origin. They will give the same amount of light
when burned in lamps, and be equally applicable to useful
purposes. This likeness can only be discovered by their
specific gravity, boiling points, and, more important than
all, by their ultimate analysis by the chemist. As all
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those oils are capable of affording light, and the term
“ photogen” applies only to one of them, the appella-
tion of hydro-carbon, or lamp oils, has been applied
to all that are now consumed for illuminating pur-
poses.

As the oils here treated of consist of carbon and hydro-
gen, some notice may be taken of those two elements.
Carbon occurs abundantly in the animal, vegetable, and
mineral kingdoms. In its pure and crystallized state it
constitutes the diamond. It is the chief substance of plum-
bago, and frequently forms more than ninety per cent. of
anthracite coal. It is essential to the organization of ani-
mals, and enters extensively into the composition of mine-
rals, especially the varieties of coal, bitumen, petroleum,
etc., and all substances of vegetable origin. Carbon ap-
pears also in the gases of coal mines, as carburetted hydro-
gen, or fire-damp, or carbonic acid, or choke-damp. When
organic matter is heated in close vessels, volatile substances
are expelled ; these consist of carbon, hydrogen, nitrogen,
and oxygen; the residue is carbon mixed with the ash—
the minerals that enter into the composition of the wood.
Carbon is without taste or smell, and insoluble. It resists
decomposition, and, when buried in the earth, is imperish-
able.

Combined with oxygen, carbon forms two gaseous
compounds, carbonic acid and carbonic oxide. Car-
bonic oxide may be considered a compound radical.
It combines with chlorine, oxygen, and the metals. It
is a transparent, colorless gas, without taste or smell,
and, when inhaled, is fatal to animal life. This gas takes
fire, and burns with a fine blue flame, which is often seen
on the surface of coals burning in a grate.

Carbonic acid is formed by the respiration of animals,
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and by vinous fermentation. It is a product of combus
tion, and is produced artificially by the action of acids
upon carbonate of lime. It is a colorless gas, and s0 much
heavier than air, that it may be contained in open vessels.
The effervescing properties of wine, beer, soda-water,
and some mineral waters, arise from the presence of this
acid. It forms the food of growing plants, a part of which
they retain in their structures. Another part is expelled,
and is found in the atmosphere.

Hydrogen forms one-ninth part, by weight, of water, and
exists in vegetable and animal substances. It has neither
taste, color, nor smell, and is the lightest substance dis-
covered in nature. It is nearly sixteen times lighter than
oxygen, and fourteen and a half times lighter than air. It
was, therefore, first employed in floating air balloons. A
pressure of a thousand atmospheres has no sensible effect in
the condensation of hydrogen gas. Sound moves with
three times the velocity in hydrogen that it does in com-
mon air, and it refracts light with more power than any
other gas. The greater the quantity of hydrogen present
in any body, the less will be its weight, or specific gravity.
It is thus with the hydro-carbon oils. Hydrogen is also
the most inflammahle substance in nature; it burns with
an almost colorless flame, and great heat. The opinion is
entertained by some, that hydrogen is a gaseous metal, as
mercury is a liquid metal.

Carbon and hydrogen, hydro-carbons.—Carbon and hydro-
gen combine in a great number of proportions, and conse-
quently - produce numerous compounds;-and as both
elements are combustible, their compounds are also com-
bustible and inflammable. By some these compounds are
called carbo-hydrogens. At the ordinary temperatures,
some of these are solid, such as paraffine, naphthaline, etc. ;
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others are liquid, as the oils of lemons, naphtha, etc. Two
of them are gaseous, namely, light carburetted hydrogen gas,
and olefiant gas, which are the roots of two, if not more,
series of compounds. All these compounds are the pro-
ducts of vegetables, or they are produced from the decay
or destructive distillation of organic matter.

Carburetted hydrogen (C, H,) mixed with atmospheric air
is the explosive fire-damp of coal mines, and it frequently
issues from the earth through fissures connected with beds
of coal, or collections of petroleum. When mixed with
twice its volume of oxygen, it explodes with great violence.
If mixed with about six times its volume of air, it also
explodes. By this mixture gasometers have been blown .
up with terrible effect.

Bi-carburetted hydrogen, or olefiant gas (C, H,), mixed with
the above and other gases, occurs in coal mines. It is also
transparent and colorless. It takes fire readily, and burns
with a white flame, giving out much light. It is also the
root of an extensive series of hydro-carbons. This gas and
the preceding carburetted hydrogen, when pure, form what
is known as coal gas, now extensively employed to light
cities, Its value depends much upon the quantity of olefiant
gas contained in the mixture.

The light produced by the combustion of the hydro-
carbon oils is like that of coal gas. It is from gas in both
instances. The oils are put in lamps, and inflamed ; the
gas is produced at the top of the wick, and decomposed
instantaneously. In the other instance, the gas is made by
heating the coals in retorts, and storing it in gasometers
ready for use, and its distribution through pipes and
burners. In the benzole, or atmospheric light, the vapor
of the hydro-carbon is conveyed in the air to the burner,
and there burned as coal gas. The fluctuations in the con-
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densation of this vapor by changes of temperature are
impediments to this mode of supplying artificial light.

Homologous series obtatned from coal tar. The radical
is Cy H,; the multiple is C, H,.

Bolling point. 8pec. grav.
C. Hy 135°
C.. Hi Benzole.” . . . 186° 850
Ci Hy Toluene . . . 237 870
) Ci Hio Xylole . . . . 288
Cu Hn Cumole e e . . 339
Cao Hu Cymole e . . 490

It will be here observed that the boiling point rises
25:5° for every additional equivalent of carbon. By the
action of chlorine, bromine, nitric acid, ete., each of the
above hydro-carbons forms the root of other distinet and
well-defined series.}

Homologous sertes obtained from the bitumen of Trintdad,
distilled at a low heat :

No. Carbon. Hydrog. 8pee. grav. Bolling point.
1 4 3 only partially condensed.

2 5 4 0715 130°
3 6 5 0775 180°
4 7 6

5 8 7

6 9 8

7 10 9

(8) g }(1) Embracing the hydrocarbon oils
10 13 12 suitable for lamps. Specific
1 14 13 gravity of the whole when
12 15 14 mixed, 0-819.

13 16 15

14 17 16

15 18 17

16 19 18 )

17 20 19

18 21 20

19 22 21 Paraffine.

® Generally represented as Cso Hje.
t See Gregory's Handbook of Organic Chemistry, 8d odit., p. 129.
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The bitumen of Cuba, Albert coal, bituminous shale. of
Albert county, the petroleum of Virginia, and candle tan
produce the same series of hydro-carbona.

The series obtained from Breckenridge ooal, distilled at
an average heat of 780°, was as follows:

No., Carbon. Hydrog.

1 : i Supposed to exist, but not oondensed.
2

3 8 6

4 10 8

b 12 10} Embracing the bydro-carbon oils
6 14 12 suitable for hmpc when mixed.
7 16 4 Spec. grav. 0-810.

8 18 16

9 20 18
10 22 2 Paraffine.

A coal from Kanawha, Virginia, when distilled at & heat

of 900°, gave part of a series thus:
No. Carbon. nyd.mg
1 8 4
2 12 8
3 16 12
4 18 16

Caoutchouc was distilled at a moderate heat, and the

following was the series produced :

No. Carbon, Hydrog. 18p. grav. Bolling point.
1 8 7 678 94
2 9 8

-3 10 9
4 11 10
3 13 11
6 14 12

Other series of hydro-carbons might be laid down; but
the foregoing are sufficient to demonstrate the existence of
7
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a system which cannot be carried forward to perfection
without great labor and research. This system is being
gradually extended to every branch of chemistry, and is
bringing the science into & beautiful harmony with mathe-
matics, and its kindred study, astronomy.

" To the manufacturer it is of the first importance. It
teaches him that he has to deal with a great variety of
compounds. An increase in the degree of heat employed
in his operations will change the properties of his products,
increase the proportions of carbon, and defeat him in his
objects. A temperature too low will give results to disap-
point him. He cannot fail to observe the different proofs
at which his oils flow from the still, and the constant
increase of heat required to produce them in the process of
refining and purifying; and having obtained even an in-
distinct view of the point he would reach, his skill and
experience will bring to him that knowledge of his art
he desires.
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CHAPTER VI

Oxidation of the impurities contained in crude hydro-carbon oils.—Action of
acids, alkaligs, and other agents.—Sulphuric acid, nitrio acid, permanga-
nate of potash.—Methods of purification.—Extracts from patents, etc.

WHEN oils were first distilled from coals, few attempts
were made to free them from their offensive odors, or
remove their coloring matters. The only mode practised
was fractional distillation, which is altogether quite inef-
fectual for that purpose. Although the oil made by the
Earl of Dundonald in 1781 was burned in lamps, it does
not appear that any procees of purification was practised at
that time. The earliest mode of purifying petroleum was
simply to distil it with water, and this is more beneficial
than some of the modes practised in the present day, by
which the characters of the oils are changed and their illu-
minating powers deteriorated.

The great number of impurities contained in the oils distil-
led from coals, whether from ¢oal tar or crude coal oil, renders
their purification somewbat difficult, expensive, and uncer-
tain. The varieties of coals and other substances employed
to obtain hydro-carbon oils, the fluctuations of heat in dis-
tillation, and varying qualities of reagents, will ever require
the care and skill of the practical chemist to overcome
them. Much has been done in the purification of those
oils, much is still to be performed before they are made
perfect, namely, free from all offensive odor, and free from
color. The great difference observed in the qualities of
the oils in the market arisee lees from the different modes
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by which those oils are treated, than from the properties
of the coals from which they were distilled.

ACIDS, ALKALIES, AND OTHER OXIDATING AGENTS.

Acids, alkalies, peroxide of manganese, permanganate of
potash, bichromate of potash, etc., have been unsparingly
used in the purification of hydro-carbon oils, on account of
their oxidating properties. The object of chemists has been
to impart oxygen to the impurities, by which they sepa-
rate themselves from' the oils, and generally fall to-the bot-
tom of the vessel that contains them.
~ The oxidation of organic compounds takes plaee in seve-
ral ways. In combustion atmospheric oxygen is aided by
a high temperature. - If the supply of air be deficient, as
in the case of a burning lamp, the hydrogen, from a greater
attraction for oxygen, is oxidated, and the carbon of the
oil appears in smoke or soot. The decay of wood is pro-
duced by oxidation, and ulmine is the result. So also in
some of the impurities in hydro-carbon oils; their combi-
nation with oxygen gives them new characters, by which
they no longer remain with their native liquids. Reagents
may be applied to oils -that will not separate from them
until exposed to the heat of distillation. - By its-oxidating
properties permanganate of potash comverts: sughr inte
oxalic acid. Bichromate of potash diluted with sulphurie
acid converts salicine into the hydruret of -salicile, or oil of
spirea.

Action of ewlphwuric acid.—In general, when sulphurie
acid is applied to organio eompounds (and such are the. oils
under oconsideration), it decomposes, or chars them. By
the aid of heat its effects are more powerful, and it trans-
mutes stareh and lignine into grape sugar. Its action upon
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naphthaline and other compounds of carbon and hydrogen
has been before noticed. Paraffine is not sensibly affected,
when boiled with salphuric acid. For this reason it is
employed in the purification of that substance, as it abso-
lutely burns out all its impurities. Sulphuric acid, or oil
of vitriol, is now universally used in the purification of coal
oils, by which some of their impurities are converted into
tar, or rendered soluble in water. The acid may be sepa-
rated from the tar by distillation. This acid always'decom-
poses a part of the oils in proportion to its strength and
the quantity employed. It is a powerful purifier. It
removes one-kind of odor and substitutes another less dis-
agreeable. How far it changes the characters of the oils
has not been determined; but in some instances, when it is
used in large quantities, there can be no doubt it produces
what may be called: sulpho-oils, which are unchangeable by
the use of alkalies, Certain it is that these sulpho-oils are
quite dissimilar to the natural oils obtained by the frae-
tional distillation of coal oils, and are inferior to them for
the purposes of illumination. The powerful effects of the
before-mentioned acid in removing impurities from the dis-
tillates of coal, and its cheapness, have brought it into
general use.* A
Action of nitric acid.—The operations of nitric acid upon

organic substances are very numerous. It usually, if not
always, produces one or more acids. From gum there
oomes mucid acid; from indigo, indigotic and nitro-picrie
acids; from stearic acid, margaric acid, etc. Laurent has
olearly described the action of nitric acid upon naphtha-
line.

- Benzole admits of having its hydrogen replaced by one,

* The average specific gravity of commercial sulphuric acid is 1:800. It
sometimes contains nitric acid.
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two, or three equivalents of nitric acid. This remark
applies equally to eupion and all the lighter products dis-
tilled from coals, petroleum, etc. All these compounds
have an aromatic odor. As an instance, when benzole is
saturated with faming nitric acid, and water is added to the
hot solution, nitro-benzole subsides as a yellow oil with the
odor of cinnamon. It is so0ld as the oil of bitter almonds.
Other light hydro-carbons give similar results, and a great
number of oils, useful for perfumery and cookery, may be
produced from them.

As an oxidator nitric acid is more powerful than sul-
pharic acid ; but it exerts a greater action on the oils them-
selves, changing them into nitro oils,.and removing them
further away from the natural products of the material first
employed. 4

Permanganate of potash must be included among the
materinls used for oxidating the impurities contained in
distilled oils. Its effects are feeble when compared with
those of sulphuric acid, and its price is too great a draw-
back on the profits of the manufacturer.

METHODS EMPLOYED FOR THE PURIFICATION OF HYDRO-
CARBON OILS.

The earliest writers on the production of oils from coals
and other analogous substances, did not describe any very
satisfactory mode by which those oils could be purified.
Selligue was perhaps the first to supply a method for this
purpose; and it appears in the voluminous specifieation
of his patent.* He commenced by agitating the oils with
sulphuric, muriatic, or nitric acid. The agitation was con-

* Specification No. 10,726, English Patent Ofice. Translated by Du
Buisson.
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tinued for some time, so that every particle of the oil
should be brought in contact with the acid, and a certain
change of color bad taken place. His agitators were of
peculiar construction, and he has described them at length.
After the oil and acid had been allowed time to separate,
the former was decanted and washed with soap-maker’s lye,
proof 86° to 88° Baume. Thus a part of the coloring
matter was precipitated, although some of the lye was sub-
sequently permitted to go into the still with the oils.
Fractional distillation was also resorted to, which with
variations in the above mode enabled the chemist to pro-
duce oils of good quality. The specification of Selligue
was written with great care; but his operations were
complex and expensive. The alternate use of acids and
alkalies forms the principal feature in the purification of
those oils at the present time.

MANSFIELD'S PROCESS,

In 1847 C. B. Mansfield of Cambridge, England, obtained
a patent for the *purification of spirituous substances and
oils” derived from coal tar, &c. - Of the products of coal tar
he describes five, namely, alliole, benzole, toluole, cam-
phole, mortuole, and nitro-benzole ; for each of these classes
he modified the treatment. To alliole and benzole, he
applied diluted sulphuricor hydrochloric acid, and agitated
the mixture, which was allowed to settle, when the acid and
impurities were drawn off. The spirits and oils were then
agitated with water, which was also afterwards removed,
and the spirits and oils placed in a vessel of fresh burnt
lime, and finally rectified by distillation. The toluole, ete.,
were purified by a similar method, except that stronger and
greater quantities of the acids were employed, and the
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number of distillations increased. The specification of this
patent is also of greatlength, and directed to objects foreign
to the purification of the oils derived from bituminous sub-
stances.

YOUNG'S PROCESS.

This alleged improvement consists in treating bituminous
ocoals in such a manner as to obtain therefrom an oil con-
taining paraffine, which is denominated paraffine oil, and
from which Mr. Young obtains paraffine. He employs
“ Parrot coal,” “ cannel coal,” and * gas coal.” These are
broken up to about the size of a hen’s egg, and distilled in
common gas retorts with worm pipes and the ordinary refri-
gerators of stills, the water in them being kept at a tem-
perature of about 55° Fahr.,, by a stream of cold water
entering the worm cistern. The retort is kept at a “ low
red heat;" a higher heat will produce gas rather than oil.
The retort is heated up gradually, and the product is an oil
containing paraffine.

The crude oil is put into a cistern, and steam heat applied
up to about 166°. This separates some of the impurities,
and the oil is run off into another veesel, leaving the impu-
rities behird. The oil is then distilled in an iron still with
a worm pipe and refrigerator, the water in the latter being
kept at 56° Fah. The oil thus distilled is then agitated
with ten per cent. of oil of vitriol one hour. Itis then
allowed to settle twelve hours, when it is drawn off from
the acid and impurities into an iron vessel, where it is again
agitated with four per cent. of the solution of caustie soda
of specific gravity 1'300. Six hours are again allowed for the
alkali and impurities to settle, when the oil is again drawn
off and distilled with half its bulk of water; water being
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run into the still from time to time to supply the quantity
distilled off. The lighter oil comes over with the steam,
and is employed for illumination. The oil left in the still
is carefully separated from all water and put into & leaden
vessel, and there agitated with two per ocent. of oil of vitriol.
It is then allowed to settle twenty-four hours. This oil is
then run into another veseel, and to every 100 gallons there
are added twenty-eight pounds of chalk, ground up with
water into a paste. The oil and chalk are agitated toge-
ther until the oil is freed from acid. After it has remained
a week at rest, it is used for lubricating machinery, and may
be mixed with animal or vegetable oils for that purpose.
To obtain the paraffine the oil containing it is brought
down to a temperature of 80° Fah., when paraffine will -
crystallize and separate itself from the oil, or it may be
filtered and finally submitted to pressure. Again it is agi-
. tated with its bulk of oil of vitriol, and the operation
repeated until the acid ceases to be colored by the paraf-
fine, which is kept melted during the operation.* What-
ever may be the merits of this mode of obtaining lubricat-
ing, or paraffine oil, so called, the lamp oils are of a dark
reddish-brown oolor, and of an unpleasant odor. They
also incrust the wick of the lamp in burning, It is evident
that the quantity of acid employed is too great, and by
which a part of the oils are decomposed. In the purification
of the paraffine the oils are charred, or burnt out. The
paraffine alone resists its action,

KEEROSENE PROCESS,

The specification describes the process for obtaining oils,
denominated Kerosene, from * bitumen wherever found.”
* Rxtracted from the patent of James Young
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water. They are then taken to a drying-furnace of the
following construction: A space by preference of two
hundred feet in length, and twenty feet in width, is inter-
sected by walls of two feet high; at the distance of every
four feet these walls are bound together by arches of one
briek thick, and on these arches the coals and bituminous
alate are spread.

“ The space below the arches is filled up with the residue
from the retorta.

“The coals or bituminous slate, when dried, is distilled

in. retorts, which are so far different from those used at the
gas-works, that the pipes for letting out the produce of
distillation are on the opposite ends fo those where the
doors are. ‘Over each fire are two retorts, each by prefer-
ence, of about eight feet long, and two. feet wide, with an
opening of five inches, to let out the produce of distillation.
The fire runs below the retorts in a direction from front to
back, the fire bars only extending part of the way. I pre-
fer to arrange & stack consisting of eight fires and sixteen
retorts around one chimney, by which means I am enabled
to lead the flame from onme fire to the others, and by that
means to heat the retorts by a graduated heat.
- “The products of distillation of the sixteen retorts meet
together in one iron pipe about eighty feet long, and two
feet diameter, which is surrounded by another, so that cold
water can run between the two pipes for cooling. The
gases, after having passed this pipe, enter in two cylinders,
about twelve feet in height and four feet in diameter. These
cylinders are filled with iron wire chips. The gases, after
baving passed the cylinders, pass through another iron
pipe, forty feet high into the air, which pipe, to regulate
the draught, is furnished with a regulator.

It is important that the produce of distillation should



WAGENMANN'S PROCESS. 99

not be oconducted so as to produce pressure in the re:.
torts.. - :

“ The produoe of distillation runs into a general reservoir,
and the reservoir is so arranged' that the ocondensed pro-
ductions will have an average heat-of 80° centigrade. The
oils separate shemselves here from the ammoniacal water.
The ammonincal water- is - thrown over the cooled residue
of the drying furnaces, and mixed with it, which produces
a very good manure. The tar, after being separated from
ammonia, is distilled; and - the -product of ‘distillation is
cooled by the means of a lead pipe, standing in a cooling
apparatus, the water for cooling being ‘kept always luke-
warm. The product of distillation is divided into three
qualities : . No. L. from the beginning of the distillation to
0-865 specific gravity. No. I from 0-866-0-900 specific
gravity. . No. IIL from 0'900-1-980-specific: gravity.

“The produce No. L. iz mixed with sulphuric acid and
hydrochloric acid, at a temperatare’ of 26° centigrade.
Three hours afterwards the oil is taken off and washed
with a solution of caustic soda, at 60° centigrade : it is left
two hours, and then separated from the solution and- dis-
tilled. - In thestill 8 mixed & concentrated solution of soda.
After the distillation the.oils are light yellow, and give an
average weight of 0-815-0-825 specific gravity. - To oor-
rect the smell I wash the oils again with sulpburio ecid
and hydrochloric acid, separate them from: the solution, and
wash with conoentrated solution of soda. -

“The oil No. II. is treated the same as No. 1., bntmth
different quantities of acids, and at & femperature of 85° centi-
grade. The product, after the distillation, is a lighter oil.

% The oil No. ITI. is the product for the preparation of
the finest oil and paraffine candles. This oil is treated with
sulphuric acid and hydrochloric acid, at a temperature of
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38° centigrade, and allowed to stand ; it is then separated
from the acids, and washed with a solution of soda, at &
temperature of 60° centigrade, and distilled. The oil con-
tains paraffine, and is taken to a cool cellar at an ave-
rage temperature of 12° centigrade, where it remains in
iron butts for eight days. After this time the paraf-
fine is separated from the oil by means of a centrifugal
machine and cast in cakes, and pressed in a cold hydraulic
press; afterwards melted and mixed with sulphuric acid,
then separated and washed in water; it is then heated and
cast in cakes, and again pressed by a heated press; after-
wards again melted and mixed with sulphuric acid at a
temperature of 70° centigrade; the acid is drawn off, and
the paraffine is washed in water, after this it i8 melted with
stearine.” o

In some instances the retorts are placed in a circle around
the chimney, and two of them are heated by one furnace.
The gaseous products of the distillation are conducted into
a large iron pipe, upon which a stream of ocold water plays
constantly to produce the necessary condensation. The
uncondensed gases escape at the end of the condensing pipe
and are lost. The oils and other liquid products of the dis-
tillation flow into a cistern, whence they are pumped for
purification. ,

Having been separated from the aqueous products the
oils are submitted to the purifying process. Some chemists
have the oils mixed with four per cent. of sulphate of iron,
in cast iron cisterns, supplied with agitators worked by
machinery. Next the charge of oil is distilled, and for this
purpose various expedients have been resorted to. Some
distil #n vacuo, others employ common, or superheated
steam. The latter obtains the preference, especially for the
heavy oils.
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The distillate is usually divided into two parts. "Bm
first is permitted to run from the still until the specific gras

vity comes up to 0:870. The second part embraces all the .-~
remainder of the distillate. The first part is then agitabed",-:;'.-_.

four hours with six per ecent. of concentrated sulphuric
acid, one-eighth per cent. of bichromate of potash, and one-
balf per cent. of hydrochloric acid. The second part is
treated in the same manmer, except that the sulphuric acid
is increased to eight per cent., with one-sixth per eent. of
bichromate of potash, and one per cent. of hydrochloric
acid. After the acid impurities, etc, have subsided they
are drawn off and the oils are agitated two hours with lye
and steam. .

"The oils are then distilled, great care being taken that
they should not “boil over.” By this mode lamp oils,
heavy oils, and paraffine are produced. - The paraffine is
put in a cool place and allowed to crystallize in the usual
manner. _ :

At Bitterfield the coal is broken into small pieces and dis-
tilled in elliptical retorts eight feetin length. .The discharge
pipe is of large size and opposite the head of each retort.
Pressure upon the material while it is undergoing distilla-
tion is avoided as much as possible. The purification con-
gists in the alternate use -of acids and solutions of caustio
alkalies. :

Dr. Vohi, of Bonn, commences the distillation of paper
ooal at a low heat, which is graduslly raised up to a red
heat, and he remarks that slates containing twenty-five per
cent. of water yielded the largest amount of oil. . The
author has observed the same fact in the distillation of bitu-
minous shales imported to New York from Pictou, Nova
Scotia. When the retorts are first charged with those
shales, steam is generated from the water contained in them.
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2JViéh the steam some of the lighter cils are distilled over,
_‘and with it condense. The effect is quite similar to that

“*+., produced by admitting steam into the retort.at the com-
-..* mencement of the decomposing dnihllatlon. In both in-

stances the quantity of oils is increased.

Brooman’s Patent.—Among the lists of patents for the
purification of hydro-carbon oils, this patent, which is dated
London, February 28, 1856, has been overlooked, with
several others of equal importance. The patent is for
“jmprovements in treating bituminous shale, Boghead
mineral, and other like schistose bodies, in order to obtain
various commercial produets therefrom.”

The schistose bodies are first decomposed in common
retorts. The receiver is placed at some distance from the
retorts, and receives through pipes a part of the gas gene-
rated in them. Condensation is effected in refrigerating
pipes kept cool by water. The oils are treated in agita-
tors, or purifiers with sulphuric acid and caustic sods, and
then distilled over again. The light oils are separated from
the heavy for illuminating purposes by distilling them down
to proof 82° (Gay Lussac's Areometer), all that remsins is
separated from the paraffine. .- For this purpose.the heavy
oil is placed in refrigerators with ' double bottoms and
exposed to & low temperature, by ‘which the paraffine is
separated. The remainder is gathered into bags and sub-
jested to pressure, to remove whatever oil itmay contain.*
The products represented as being obtained by this mode

1. Essential oil: :

2. An oil for lighting purposes. - :

“8. A fatty, unctuous oil, for lubricating machinery.

“4, A liquid tar, for lubricating purposes.

* Journal of Gas Lighting (London), Sept. 16, 1856,



BODMER'S PATENT. 108

“5. A solid tar.

“6. A ‘black, which may be used in the manufacture
of printers’ ink.

“7. A ‘black, having the properties of animal black.

“ 8. Paraffine. :

“9. Ammoniacal water, containing six per cent. of liquid
ammonia.”

There is some obscurity in the specification of this patent;
still the practical manufacturer will readily understand,
~ from the above, the nature of the process employed.

Bodmer's patent is dated London, February 4th, 1856.*

“ Tars are taken which have been produced by, the dis-
tillation of coal at a kigh temperature; such as are made in
the manufacturé of coal gas. This tar, being the cheapest
at present, is therefore preferred; but tars produced in a
similar manner, at a high temperature, from shale, peat,
wood, and from bones, or other animal substances, will
answer the purpose. -These tars are placed in an ordinary
still, into which the bulb of a thermometer is placed, and
connected with a worm immersed in water; this water is
kept regularly at a temperature of between 60> and 80°
Fah., throughout all the distillations, The heat of the still
is raised by fire; and when the thermometer in it rises to
800° Fah., the instrument is removed, and the pro'ducts' of
distillation above 200° are run into another vessel, and
kept separate from the products of distillation below 800°.
The latter are rejected as unfit for the purpose. The tar is
distilled to dryness, which is known to have taken place
when products cease to run from the condenser, the heat
being always kept up.” ¢“The oil obtained from the coal
tar is purified as follows: This oil is put into a leaden
tank, and to each five hundred gallons is added ten gallons

* Journal of Gas-Lighting (London).
8
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of commercial brown sulphuric acid, of strength 140°
Twaddle, or about 700 specific gravity, and they are well
agitated together for one hour. The vitriol is allowed to
subside, which will take place in ten or twelve hours, and
is drawn off by a stop-cock placed at the bottom of the
tank. Another ten gallons of brown sulphuric acid is
then added to each five hundred gallons of the oil, and
agitated for four hours. The oil, after subsidence, is re-
moved to an iron vessel, and to each hundred gallons is
added ten gallons of a solution of eaustic soda, marking
70° Twaddle, or weighing 184 lbs. to the gallon. These
are agitated together thoroughly for ten or twelve hours;
and it is preferred to keep the temperature of the oil in this
tank up to 80° Fab., both during the agitation with the
caustic soda and afterwards, for ten or twelve hours. The
clear oil is then removed into a still, and to each hun-
dred gallous is added about 20 lbs. of the soda ash of
commerce, 20 lbs. of slaked lime, and four gallons of
water, or 40 lbs. of caustic solution of soda, marking 70°
Twaddle—or by measure, three gallons, weighing 184 lbs.
to the gallon, are taken for each hundred gallons of oil put
into the still, and heat is applied. In general, no oi}] will
come over until the heat of the still has reached 800° Fah.;
but if dny should come below this temperature, it is
‘rejected. When about eighty per cent. of the oil put into
the still has been obtained, the process is stopped. The
product of distillation is the improved lubricating oil,
which is named ‘new tar oil” It may be used either by
itself or mixed with other oils, fats, greases; and soaps.”

P. G. Barry places the oils in wooden tanks lined with
lead. In these tanks the oils are agitated with five per
cent. of their weight of sulphuric acid, during a period of
three hours. After the acid and impurities have settled,
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the oils are drawn off into a second purifying vessel, and
there agitated with five per cent. of their weight of caustic
alkali, or with lime water sufficient to remove all the acid
present in them. After the alkaline mixture has subsided
the oils are again distilled.

Bancroft obtained an English patent for the distillation of
hydro-carbon oils from the petroleum of Burmah. He
admits high pressure steam at fifty lbs. to the square inch
into his stills, and places a fire beneath them until all the
eupion is distilled over. This part of the distillate being
removed, the fire beneath the still is increased, and the
steam forced on, until about ninety per cent. of the charge
is distilled off. At the close of the operation much paraf-
fine appears, which renders it necessary that the condensing
pipes should be kept at a temperature not less than 90°
Fah. In several instances the cooling down of the con-
densing apparatus has led to the bursting of the still.

A process is recorded in Le Gente Industriel, and repre-
sented as being the invention of Messrs. Dumoulin &
Cotelle, by which the heavy coal oils are made to burn in
lamps without smoke or odor. In a close vessel they
place one hundred lbs. of crude coal oil, twenty-five quarts
of water, one lb. of the chloride of lime, and one half lb.
oxide of manganese. The mixture is thoroughly agitated.
After a repose of twenty-four hours the clear oil is decanted
and distilled. Next the one hundred lbs. of coal oil are
mixed with twenty-five lbs. of rosin oil, and this is con-
sidered the best part of their mode. This last mixture may
be distilled if necessary. From the high per centage of
carbon in the heavy coal oil, and also in the rosin oil, it
will appear theoretically that this mixture cannot burn
without smoking in any of the ordinary coal oil lamps, and
this is found to be the fact in practice. In an argand lamp
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with a short-topped wick, and a button over the inner air
tube, or in the camphene lamp, the above oil will burn
with a short flame and brilliant light, and so also will the
rosin oil, or the heavy oil, mixed or unmixed ; but those
lamps are rapidly falling into disuse, being supplanted by
the kerosene, or coal oil lamp.

It has been already stated that upwards of one hundred
patents have been granted for alleged new methods of
manufacturing and rectifying oils distilled from coals and
other bituminous mineral substances ; and upwards of forty
patents have been issued for retorts and other apparatus con-
nected with this branch of industry. A description of the
various methods and similarities of operation, with the
extraordinary and unphilosophical fancies set forth in some
of those patents, would not interest the practical man nor
the general reader. The extracts drawn from the foregoing
patents have therefore been deemed sufficient for this brief
technological treatise, and to direct the manufacturer of oils
to the valuable discoveries now placed at his hand.

The preceding part of this chapter will have shown that
upon a few leading, and, as it is supposed, essential opera-
. tions, all the patentees appear to agree. Upon non-essen-
tials they differ as widely as persons do in matters of far
higher importance.

It is conceded at the present time—

1st, That the crude coal, or other material, must first be
submitted to dry, or decomposing distillation, and that a
moderate degree of heat will produce more and better oils
than a high temperature.

2d, That the use of a strong acid is necessary in the puri-
fication of such oils.

8d, That the acid must be succeeded by the use of an
alkali,
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4th, That it is necessary to distil the oils after the use of
the acid and alkali.

It will be perceived by the foregoing extracts, from
patents for the manufacture and purification of oils, that
distillation, acids, and alkalies, form the basis of every
alleged invention ; but upon the quantities, the modes of
application, and the minor details of working, there is much
disagreement; and persons unskilled in chemical science
have frequently introduced some peculiar mode in the
application of those agents, to give novelty to their patents,
or to satisfy their employers of their superior skill.

The oils from different coals require differént treatment.
The oils of Albert coal (asphaltum), Boghead and Breck-
enridge coal are easily purified; while the oils from the
ordinary American, English, and Scotch cannels, require
more skill) and cost more to bring them up to a fair stan-
dard among the hydro-carbons sold in the market.

The author has made more than two thousand experi-
ments in reference to the manufacture and purification of
oils distilled from coal, petroleum, and other materiale.
From long practice, and the improvements introduced by
others, he ventures to lay the following plan before his
readers, as being generally applicable to the distilled oils of
coal and bitumen. Petroleum will be noticed in the sequel.
Regarding the purification of those oils, the present is the
age of experiment. Improvements are constantly advanc-
ing, and some time may elapse before their manufacture
is brought to perfection, and the distilled hydro-carbon oils
attain that commercial and economic value they are destined
to reach.
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CHAPTER VII

Buildings and Machinery. — Method of Manufacturing and Purifying the
Oils distilled from Coals and other Bituminous Substances, and the Pro-
ducts derived therefrom.—Distilling by Steam.— Continual Distillation.—

" Paraffine,—Lubricating Oils.

'DISTILLERY FOR COAL AND PETROLEUM OILS.

BEFORE any suggestions are made in reference to a proper
mode -of manufacturing and purifying the hydro-carbon
oils, the comstruction and arrangement of the manufactory
itself require some notice. It is very desirable, in all cases,
that the buildings constituting the establishment should be
constructed of stone or brick, with iron roofs. The occu-
pation of wooden buildings is unsafe; when they are
employed, great care is necessary. Every preservative
against fire, by the use of non-combustible material and the
command of water, should be planned for at the onset of
construction.

‘When coal is to be distilled in retorts, the retort house
should be separated from the distillery, or refining house,
and all crude materials and marketable oils should be kept
in separate stores, away from the operating part of the
establishment. Receivers of the products of the retorts are
advantageously situated underground. A steam pump,
communicating with cisterns of water, and supplied with
hose capable of reaching every building, should be always
ready for action, while at the same time it performs the
offices required by the manufactory.

Between the stills and the several worm-tanks and
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receivers it is necessary to erect a strong brick or stone
wall, through which the connecting pieces between the
stills and the worms pass. It is also desirable to separate
the stills one from the other by partition walls. During
the distillation, and especially at its commencement, a light
hydro-carbon vapor frequently escapes at the lower extre-

mity of the condensing-pipe. This vapor is highly inflam- .

mable, as well as the lighter oils that accompany it. No
fire should, therefore, ever be permitted in the body of the
refinery.

The agitators should be placed at convenient heights to
permit the oils to flow from the acid cisterns into the tanks
where they are to be washed with the alkali, and to run
thence into the stills. A good arrangement of the ma-
chinery is of much consequence; and, above all, the most
rigid cleanliness should be observed in every operation
connected with the manufactory. An abundant supply of
clean, fresh water is absolutely necessary.

The plan and sections (pp. 110-111) represent approved
arrangements of the building and apparatus of a coal oil
or petroleum distillery.

Coals.—The crude oils distilled from coals differ greatly
in yield and in quality. It will be observed in the table
given in a preceding chapter, that a few varieties will pro-
duce over a hundred gallons per ton. Some cannels will
not yield over fifty, and others thirty gallons per ton.
The qualities of the crude oils also differ. Some afford
large quantities of paraffine, or heavy oil, and but a small
percentage of lamp oil. Others yield much eupion. In
the purchase of coal lands, or coal for the manufacture of
hydro-carbon oils, an accurate test of the coal is necessary.
Coal oil works have been erected at coal mines, where the
coal itself is almost worthless for oil-making.
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SECTION OX BROKEN LINE A—B OF PLAN,

REFERENCES.
E. Btills. P. Dratn.
F. Worms. Q OChimney.
G. Worm tanks. R. Water pipe.
H. Boller. 8, Steam pipe
L Engine. T. Washer gearing.
J. Steam pum U. Pipe from agitators to stills.
s o J
ers, or agitators, .
M ivers. X. 8dl i.',’:.‘.
N. Market tank. Y. Refinery.

0. Byphon of still pipe.

Bitumens.—The preceding remarks. are also applicable to
asphaltums and bitumens. The tars of candle manufac-
tories also give different results, and yield some heavier

and some lighter oils.

Retorts.—Different retorts also produce different results,
When the discharge-pipe is high, there will be less crude
oil; but the oil will be lighter and purer. Pressure upon
the charge and its vapors during distillation will diminish
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the yield; and where the condensation is imperfect, a part
of the lighter oils will escape with the gas. The revolving
retort has the advantage of distilling coals and shales in
less than half the time required for stationary retorts. The
yield is also large; but the crude oil is impure from the
quantity of dust produced by the agitation of the material
during its dry distillation. More important than all is the
amount of heat applied, which should, as an ordinary rule,
not exceed 800° Fah. Before the coal, asphaltum, or any
bitumen is thrown into the retort, it is advantageous to
break it into small pieces. Large masses seldom discharge
all the volatile matter from their central parts.
Condensers.—By removing the heat that attends the
vapors and gases produced by distillation, their particles
are brought into closer proximity, and all pass from the
gaseous into the liquid or solid state, except the permanent
gas, which is incapable of condensation by ordinary means.
Condensers are usually metallic worms immersed in water,
which is kept at the desired temperature by the admission
of cold water. It is quite immaterial whether the con-
denser is a long metallic pipe, a series of pipes, or an open
chamber, if it be of sufficient dimensions, and kept at a low
temperature. .
- Recetvers—at coal oil manufactories—are tanks, usually
sunk in the earth, to allow a descent of the oils from
the condensers, They should be closely covered, to pre-
vent the evaporation of the lighter oils, which, in warm
weather, i8 very rapid. The gas which remains uncon-
densed should be conveyed to a gasometer, and there stored
for fuel, or it may be purified in the manner of ordinary
coal gas, and employed for lighting. In general the gas is
allowed to escape, especially where fuel for the manufac-
tory is cheap. It is admirably adapted to the distillation
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of oils, and, with proper burners, a high degree of heat
may be obtained.

Precipitation or setiling.—With the crude oils that flow
into the receiving tank there is always a quantity of water,
or ammoniacal liquid combined with some carbonaceous
matter and other impurities. When the coal, or other
material distilled in the retorts, is very moist, the water in
the receiver will sometimes amount to twenty per cent. of
the distillate. To remove those impurities it is most advan-
tageous to pump the whole into a second receiver, or tank,
which should be elevated a little above the working level
of the stills it is designed for. g

The crudeoils and their impurities should next be heated
up, by means of a steam coil placed in the bottom of the
tank, to 90° or 100° Fah. The ammoniacal water and
the impurities soluble in water will then settle, and may .
be readily drawn off.

Ammonia.—When the ammonia present in the water is
sufficient in quantity to pay the cost and a profit upon its
separation, it may be neutralized by the application of
sulphuric or muriatic acid, and the solution evaporated to
obtain sulphate, or muriate of ammonia, or it may be pro-
fitably employed in combination with other manures for
a fertilizer. The carbonaceous matter that forms a stratum
between the crude oils and the water is worthless unless
it be used in the preparation of artificial fuel.

TREATMENT OF THE CRUDE OILS.

The crude oils, being separated from their impurities,
may at once be submitted to chemical treatment; but as a
general rule, and especially when they are heavy and con-
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tain much tar, they should be first distilled. This distilla-
tion is made in a common iron still, protected from the
action of the fire by fire brick, which equalizes the heat,
consequently the expansion of the metal, and lessens the
risk of fracture.

DISTILLING BY THE AID OF STEAM.

The “charge” of oil prepared as above, may be run into
the still and distilled without the use of steam. But when
it has been “run off” to four fifths of the whole quantity,
or when the part remaining in the still will be a thick
pitch when cold, common steam should be gently let into
the neck, or breast of the still. The steam immediately pro-
duces an outward current through the condensing apparatus
and brings over all the remaining part of the oils, leaving
a compact coke as the only residuum. Furthermore, it
gradually diminishes the heat of the iron and prevents it
from breaking. When the steam is thus let in, the fire is
to be removed from beneath the still.

Common steam under moderate pressure has been intro-
duced into stills, both above the charge and into it through-
out the entire distillation. In the latter instance the steam
soon becomes superheated after the lighter oils have been
run off. Again, steam previously superheated is driven
into the charge during the distillation, and for the distilla-
tion of the heavy oils and paraffine this mode has the
preference; yet steam is advantageous however applied.
When it is superheated the condensing apparatus should be
extensive to meet the increased heat.

Continual Distillation.—In the first distillation of the
crude oils, as they come from the retorts, and in subsequent
ones, the oils may be slowly admitted into the still after it



DISTILLING BY THE AID OF STEAM. 115

has become sufficiently heated and the oils begin to flow
freely from the worm, or condenser. By the adjustment of
a cock, a stream of the crude product may be permitted to
flow through an iron tube into the still while it is in ope-
ration. The tube should dip beneath the oil in the still,
the in-flow of oil into which must not exceed the out-flow
from the condenser. A greater amount of heat will be
required for this operation than for the common method, as
much of it is taken up by the cold oil constantly flowing
inwards. By this mode a still working 1000 gallons may
be made to run double that quantity without interruption,
and steam may be applied in any manner before described.

The first distillate—THe first distillate of the crude oil
should be separated into two parts, each of which requires
somewhat different treatment. The first part is that which
distils over from the commencement of the run until the
oils in the receiver have a proef of 86° by hydrometer, or
a specific gravity of 0-843.

These light hydro-carbons and the eupion they contain
form the lamp oil. The quantity produced will depend
upon the quality of the coal, or other material, whence they
" have been derived. This part of the distillate being
pumped from the receiving tank, or otherwise removed,
the remainder, or second part, is allowed to flow on until it
assumes a greenish color at the end of the worm pipe, when
steam, if not previously employed, may be let into the still
and continued until the whole distillation is completed ;
the fire in the furnace beneath the still being withdrawn.
A quantity of coke will be found to remain, amounting to
ten or fifteen per cent. of the whole charge. This coke is
excellent fuel, and after all its volatile matter has been
expelled it may be employed in the clarification of sugar.

* See note A, Appendix.
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‘When steam is not employed the residuum in the still must
not be run down lower than a thick pitch. Coking in the
still without steam is unsafe and hazardous to the iron.

The first part is then to be placed in an iron cistern
and therein thoroughly agitated from one to two hours,
with from four to ten per cent. of sulphuric acid, the object
being to bring every particle of the impurities in contact
with the acid. The quantity of acid to be used depends
upon the character of the oils and the coal, heat, &c., em-
ployed in the retorts.

If too much acid is applied the oils will be partially
charred and discolored; if too little, the impurities will not
be oxidated, and the oils will chabge color. After the agi-
tation of the oil and acid is completed, the mixture must
remain at rest from six to eight hours, when the acid,
with the chief part of the impurities, will have settled to
the bottom of the vessel. They are then to be drawn off,
and the remaining oil to be washed with ten or twenty per
cent. of water. The water removes a part of the remaining
acid, and carries off the soluble impurities. The acid now
appears in the form of tar, and may afterwards be separated
from the impurities for further use. After the water is
withdrawn the charge is to be agitated two hours with
from five to ten per cent., by measure, of & solution of caus-
tic potash, or soda of specific gravity 1'400. The hydrates
of those alkalies may be used in the same manner; but the
solution of caustic soda is generally preferred. Like the
acid, the strength and quantity of the alkali must be varied
according to the quality of the oils. After a repose of six
hours or more, the alkali is to be withdrawn from the oil,
and any further impurities rendered soluble, by its applica-
tion, washed out with water. After the use of the water
the oil should be perfectly neutral. When the water is
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withdrawn from it, it is to be run into a still for final rec-
tification. Should any acid still remain in the charge, it
may be distilled over two or four per cent. of the alkaline
solution, or an equivalent quantity of lime, or soda ash
with or without water. During the whole of these opera-
tions ‘the oils and the several washes applied to them are
to be kept at a temperature not lower than 90° Fah. This
is ‘conveniently done by means of steam coils fixed at
the bottoms of the tanks in which the agitations are made.
The agitator employed may be of any kind, if its action is
efficient. Finally the oil is to be carefully distilled, with
or without steam. A small quantity of the lightest pro-
duct or eupion, which comes first from the condensing
worm, is usually discolored, and may therefore be trans-
ferred to the succeeding charge.

The last distillation should be made slowly and with
cure, avoiding all fluctuations produced by an unsteady
heat. If desired, the eupion may be taken off at the com-
mencement of the distillation. It should be at proof 60°,
or specific gravity, 0788, or it may be allowed to run in
with the lamp oil. When the distillate has reached proof
40°, or spegific gravity 0819, the remainder is to be trans-
ferred to the next charge, or the heavy oil, as being too
dense for illuminating purposes.

The mixed oils intended for lamps have their disagreea-
ble odor chiefly removed by allowing them to remain in
flat open cisterns over weak solutions of the alkalies during
a period of some days. Light also improves their color.
The alkalies employed in the foregoing treatment may be
restored and used in subsequent purifications.

The oils of the second or heavy part of the first distil-
late are purified by the same means as described for the
lighter oils, except that they require the application of
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more acid and stronger alkalies. All the oils distilled from
them at proof 40° are to be added to the lamp oils. At
the close of each distillation, and as the oils acquire greater
density, the color grows darker and changeable, finally they
are partially charred, and especially when they have been
distilled without steam. These dark-colored oils may
always be renovated by the use of acids and alkalies, the
permanganates of potash and soda, and, f.inally, by distil-
lation. The color of the lamp oils should not exceed a
tinge of greenish yellow, when viewed in a clear glass flask
six inches in diameter. If by accident, carelessness, or
negligence, the oils treated by the foregoing method should
be impure, they must be submitted to washing and redis-
tillation. '

Paraffine—In general all the oils below proof 86° con-
tain more or less paraffine ; below 30° the paraffine is still
more abundant. When the whole process has been well
conducted those oils are to be placed in tanks in cool situ-
ations (thermometer at 40° and lower); the paraffine will
then crystallize on the sides of the tanks in beautiful white
silvery scales, from which the still liquid oils may be with-
drawn. The paraffine, in a solid state, m:iy then be re-
moved, and submitted to powerful presses to get rid of a
further portion of the oil. It is purified at last by agitating
it while melted with one half or more of its weight of sul-
phuric acid. The acid is then washed out with hot water
and solutions of the caustic alkalies. It is again pressed,
and finally melted and cast into masses, or run into candles.*
The heavy oils, and those which drain from the paraffine,
are excellent lubricators. They may be mixed with ani-
mal oils when it is desirable to give them greater consist-
ence. As they do not readily oxidate when exposed to

* See Knapp's Applied Chemistry. Vol i, p. 382. London, 1866.
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the air, they are peculiarly applicable as lubricants. The
gumming complained of by machinists arises from the oxi-
dation of the oils they have heretofore employed to relieve
friction.

These heavy hydro-carbons, and even the solid paraffine
itself, may be decarbonized and rendered suitable for lamps.
Just in proportion to the amount, or number of the equiva-
lents of carbon withdrawn from them, so are their boiling
points lowered and their specific gravities diminished. The
author is disposed to the belief that hydrogen is a volatile
metal, of which the oils before described are carburets.

PURIFICATION OF PETROLEUM OILS.

An almost colorless naphtha arises from the earth at
Baku, on the border of the Caspian Sea, accompanied by
hydro-carbon vapors, which are collected and used for heat-
ing and lighting. It is also used in lamps in its natural
state. A single distillation renders it quite pure. From
the presence of paraffine the Rangoon petroleum is nearly
of the consistence of butter at the ordinary temperature.
It has been treated with sulphuric acid and the alkalies, in
the manner recommended for coal oils. The paraffine,
which was first discovered by Mr. Faraday, is also treated
with the acids, and then submitted to pressure. Much of
the Persian oil is colorless, and is consumed in lamps with-
out purification.

The petroleums of South America and the West India
Islands often contain much sulphur, and their odor is very
offensive. In examining some of the now almost inactive
and extinct volcanoes of the West Indies, the author
observed that the petroleums of volcanic districts were

9
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much more offensive than those of undisturbed localities.
Boiling mud with steam issues from the earth on the shores
of Trinidad, and raises itself into conical mounds, sometimes
fifty feet high. The petroleum at those places has an
intolerable odor, and contains sulphuretted hydrogen.
Gold is immediately tarnished by the gases of these sulphu-
rous districts. .All these natural hydro-carbon oils require
"active treatment to render them unobjectionable for domes-
tic purposes. The alternate use of acids and alkalies has
been found the most effectual in their purification.

The petroleums of the United States, of which great
quantities are now obtained, differ much in their densities
or prooft. Some of the wells in Venango County, Penn-
sylvania, afford oils of specific gravity 0:800. In other
parts of the oil region the petroleums have densities of
0850, and even 0:900. Indeed these heavy semiliquid
hydro-carbon compounds sometimes pass into compact bitu-
men, an example of which may be seen in Jackson County,
Kentucky, ard at other places.

These deposits of solid bitumen have probably been pro-
duced by the evaporation of the lighter hydro-carbons, and
by the axidation of those beds which now appear like the
sites of ancient lakes. They are quite different in their
“origin and characters from the injected masses of solid
asphalte discovered in Ritchie County, Virginia, and in
Albert County, in the Province of New Brunswick. .

From the great difference in the densities of those petro-
leums, there is a great difference in regard to their value
.and their treatment in the process of purification. Of the
lighter oils ninety per cent. of pure oil for illuminating
purposes may be obtained ; but of the more dense varieties,
-and those which contain much tarry matter, not more than
forty or fifty per cent. of lamp oil is at present produced.
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The result has been the same as that in the manufacture of
coal oils. Large quantities of the heavy oils, and impure
paraffine, accumulate in the distilleries, and will continue
to increase until a cheap and successful process is discovered
for their decarbonization.

The methods practised by persons engaged in refining
the American petroleums are as different as those in use
for the purification of the oils distilled from coals. Some
employ acids and alkalies in the manner previously de-
scribed, others use alkalies alone, and steam is applied at
various degrees of heat. Some of the oils produced by
those meaus are of good quality, others are inferior, and do
not ascend the wick of the lamp in sufficent quantities to
afford a constant light. In others the illuminating prin-
ciple, by some change effected on the carbon, is partially
destroyed, and in almost all the odor is disagreeable. The
oils from some of the wells contain traces of chloride of
sodium, others carbonate of soda in quantities sufficient to
affect their treatment. The denser oils, or those which
contain too much carbon to admit of being consumed in
lamps without smoke, are excellent lubricators, either
mixed or unmixed with animal oils.

It will be perceived by the foregoing statement that it
would be a difficult task to prescribe a mode of purification
to meet the requirements of the oil refiners. Neither the
petroleums, nor the oils distilled from them, contain crea-
sote, or cabolic acid, and other impurities which contaminate
the oils distilled from coals and coal shales; their purifica-
tion is therefore simple and comparatively cheap.

‘When the proof of the oil is not below 88°, distillation
with water, or by the use of steam, will most frequently
render the lamp oil of good color, and its illuminating pro-
perties will be of the highest order. Before the heavy oils,
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or those below proof 88°, are submitted to any treatment,
it is necessary to give them a preliminary distillation, by
the aid of common, or superheated steam, and the distillate
should be separated into two parts, all below proof 88°
being set aside to be treated for lubricating oil, and a
farther po.rtion to be added to the illuminating oil. Wash-
ing the lighter part of the charge with a solution of caustic
potash, or soda of specific gravity not exceeding 1-400, is
useful. A final distillation over a weak solution of either
of those alkalies will generally render the oil pure. The
heavy parts of the oil may require agitation with equal
parts of sulphuric acid and water, followed by an alkaline
wash and then distillation. It is only the most impure oils
and those from the wells of certain localities that require
the use of acids, which, like the strong alkalies when used
in excess, greatly impair the illuminating properties of these
hydro-carbons. The lighter the oils the lighter will be
their color. At proof 45° they are colorless. At proof
42° coloring matter begins to appear in the distillate, and
continues to increase until the charge is exhausted. In
order to present the lamp oil of a light color some refiners
have sent it to market at proof 45° ; but it should be under-
stood that such oils are much more inflammable and liable
to explode than those at proof 40°. Color in this instance
should be sacrificed to safety. The offensive odor of these
oils is removed by the means laid down for the deodori-
zation of coal oils. A valuable property of all the before-
mentioned oils, consists in the fact, that they never become
rancid nor ferment. Indeed they are improved by age, and
gradually lose their unpleasant odor.

It is unnecessary to enlarge upon the national advantages
which must evidently result from the manufacture of oils
from mineral substances. Some of the uses to which those
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oils may be applied have been noticed. Doubtless there
are others to be discovered. The light afforded by the
hydro-carbon oils is equal to that of gas, and in an eco-
nomical point of view it is unrivalled.

BE’USE OF OIL MANUFACTORIES.

In the early operations of manufactories, and more espe-
cially when their chemists have not had the advantages of
experience, residual and resultant products are frequently
overlooked, attention being directed altogether to the staple
articles called for in the market. This remark is peculiarly
applicable to coal and petroleum oil manufactories. In the
United States, at the present period, vast quantities of
pitch, heavy oils, and other valuable refuse products are
permitted to flow into creeks and rivers, being considered
worthless. It is to those products the manufacturer should
direct his care and attention. To their careful use he will
have to look ere long for no small part of his gains. Com-
petition will ultimately reduce the actual profits to be made
upon the oils themselves within narrow limits, and success
will only be awarded to economy and superior manufac-
turing skill.

The products here referred to are, gas, coke, ashes, ammo-
niacal water, tmpure sulphuric acid, ympuré alkalies and prtch.

Gas.—From the numerous coal oil works now in opera-
tion, thousands of cubic feet of carburetted hydrogen gas
are daily evolved and wasted in the atmosphere which they
contaminate. This gas might be collected and stored in
gasometers for the supply of light to towns and villages.
An exhausting pump placed between the main and the
gasometer would relieve the pressure of the retorts and
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readily force the gas in any required direction. Its puri-
fication could be made in the usnal manner. It is to be
admitted that this gas would be inferior for illumination to
that usually supplied to cities; but its deficiency in quality
could be made up in quantity, and the price at which it
could be afforded would remove every objegtion to its use.

At situations where coal, or the supply"sf coke, is insuf-
ficient, the gas may be most advantageously employed for
producing steam, and for all the distillations required in
making and purifying the oils. For those purposes. it is
superior to any other kind of fuel, as the heat may be
increased or diminished instantaneously at the will of the
operator. For heating, the gas requires no purification,
and recent improvements in producing heat by this agent
will supply the highest temperature required.

Coke.—When the coal employed affords a good coke it is
used for fuel; the coke of Boghead coal and the bitumi-
nous shales is of little value. Some of the asphaltums and
bitumens afford a small residue of fuel.

Ashes.—Ashes collect around oil manufactories in large
quantities, and they differ in their composition according
to the nature of the coal consumed. In all cases where
they contain any considerable percentage of lime, they will
be found valuable fertilizing agents for certain soils.

Ammoniacal water—W henever nitrogen enters into the
composition of the coal, shale, or other material distilled in
the retorts, ammoniacal water will be one of the products,
and upon it the lighter oils will repose in the receiving-
vessels. The quantity of ammonia is often very con-
siderable.

Sulphate of ammonia.—To prepare the sulphate of ammo-
nia from the crude ammoniacal water, the latter is to be
saturated with sulphuric acid, and evaporated in a cast-iron
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boiler. The saturation may be made in a leaden vessel,
and the evaporation performed by steam. When the liquid
has attained a specific gravity of 1'400, or thereabouts, it
_ should be run into a vessel lined with lead, and crystal-
lized. Another mode consists of distilling the ammoniacal
water, and copdncting the distillate into a solution of sul-
phuric acid o . grav. 1'700. In this case the sulphate
of ammonia is precipitated, and may be dipped out with
ladles.

Chlorohydride of ammonia (sal ammoniac).—To form the
sal ammoniac of commerce, the ammonial water is to be satu-
rated with hydrochloric acid (muriatic acid). It is usually
evaporated in vessels of lead, and then run into wooden
ooolers. The salt is then to be dried in stoves, and finally
sublimed in iron pots with large domes. Some days are
required to complete the last operation.

Sulphuric acid.—The sulphuric acid employed in the
purification of coal and other distilled oils frequently con-
tains half its bulk of impurities, oxidated and charred by
the acid. This tarry liquid is now very generally dis-
carded from the manufactories as a worthless and offensive
article. Thousands of tons of acid that might be purified
for further use are thus annually lost. After the acid has
performed its office as a purifier, it should be placed in
tanks lined with lead, where, by repose, from two to five
per cent. of oil will rise to its surface, whence it may be
removed and economized. The acid may be purified by
distillation in glass, or platinum stills; but a cheaper and
more convenient method of restoring it to its first state is
worthy the attention of chemists, "

Very great quantities of the solution of caustic alkalies
are employed in purifying coal and petrolenm oils. At
present those washes, as they are called, are permitted to
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run to waste. Frequently they are partially neutralized
by the acid that preceded them in the purifying process.
When these solutions are strongly alkaline, they may be
submitted to evaporation and crystallization for further use,
the impurities which float upon them being removed. If
they have been nearly neutralized by thecacid taken up
from the oil, the neutralization should be pleted by the
addition of more acid, when they will form sulphate of
soda, or sulphate of potash, as one or the other alkali has
been employed. These alkalies are excellent fertilizers,
when they are combined in compost with peat or other
organic substances.

Pitch.—In the first distillation of the crude oil, and in
subsequent ones, where steam is not employed, it is not
convenient to run the charges down to dryness, whereby
the stills are more or less endangered; and when the dis-
tillation of the paraffine is not considered important, the
charges are run down to a thick pitch, which, when cold,
is an artificial asphaltum. This pitch is very useful for
many purposes. It may enter beneficially into the compo-
sition of waterproof cements, varnishes, and patent fuel.
‘When evaporated down to a proper consistence, it is valu-
able for roofing. The roof is first covered with sheathing
paper, and then with the melted pitch, upon which gravel
or sand is thrown immediately, and finally all that remains
loose is brushed off. The pitch may also be converted
into lamp black, by burning it away from the air, by which
the carbon is converted into lamp black, instead of car-
bonic acid, which would be the result if the air was freely
admitted to the combustion.



APPENDIX.

— ————
Norz a.
SCALE. M

A TABLE OF SPECIFIC GRAVITIES OF OILS.
i . . s§.4 ,.¢% :
k! ggggi gﬁgégs
Polibiilind 1s
0696 0778 0881

0700 0782 0886

0704 0787 0891

0707 0791 0898

0711 0795 0903

0713 - 0'800 0909

0718 0804 0915

0722 0808 0921

0725 0813 0927

61 0729 0819 0933

0733 0824 0940

0737 0828 0046

0741 0833 0951

0745 0838 - 0959

0749 0843 0966

0763 0848 0971

0757 0854 0979

0761 0859 11 0986

0765 31 0864 0994

0769 0869

0773 0875



128 APPENDIX,

The difference between this scale and that of Baume is nearly five
grains (omitting decimals) in the specific gravity of every proof given,
or 4 of a degree on the scale.

Proof by Dr. Gesner's Scate. | Baunr's SoaL.

30 . 296
40 . 39
o
60- . :
() 696
and 20 on for all the other degrees. :
Bpec. Gr.
The proof of Eupion is fixed at .  60° 0733
“ Lamp oil . 40° 0819
“ Coal tar benzole .  36° 0843
“ Lubricating oil (light) 28° 0-881
u« u “ (heavy) 20° 0927

Made by G. TagLIABUE, 298 Pearl Street, New York.

Norte b.

The following list comprises & number of the companies and firms
manufacturing coal oil in the United States at the present period.
There are also fifteen establishments where petroleum only is worked.

Doubtless there are others whose names have not been reported :—

Aladdin Co., Kiskiminitas, Pa.
Atlantic Co., New York.

Adair & Veeder, Pittsburgh, Pa.
Anderson, Darlington, Pa.

Breckenridge Co., Cloverport, Ky.

Boston & Portland Co., Boston.
Beloni & Co., New York.
Brooks, Zanesville, O.
Covington Co., Covington, Ky.
Cox, Zanesville, O.

Carbon Co., New York.

Cornell & Co., Canfield, O.

Downer Co., Boston.

Dean, Cleveland, O.

Empire State Co., New York.

Excelsior Co., New York.

Eureka Co., New York.

East Cambridge Co., East Cam-
bridge, Mass.

Enon Valley Co., Enon Valley,
Pa.

Franklin Co., New York.
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Forest Hill Co., Kanawha, Va.

Falling Rock Co., Kanawha, Va.

Great Western Co., Newark, O.

Greers, Kanawha, Va.

Great Kanawha Co., Kanawha,
Va

Grasgelli, Cincinnati.

Glendon Co., Bolilon.

Hartford Co., Hartford, Ct.

Himebaugh & Co., Coshocton, O.

Knickerbocker Co., New York.

Kerosene Co., New York.

Preston Co., Va.

Long Island Co., New York.

Lucesco Co., Kiskiminitas, Pa.

Marion Co., Taylor Co., Va.

North American Co., Kiskimini-
tas, Pa, ~

New York and Wheeling Co.,
Wheeling, Va.

New Bedford, New Bedford,
Mass,

129

New York Coal Oil Co.,
New Galilee, Pa.

Orion Co,, N.Y.

Pinkham, Boston.

Peasley, Boston.

Page & Co., Boston.

Pictou Co., New York.

Palestine Co., Palestine, Pa.

Pheenix Co., Cincinnati, O.

Preston Co., Preston Co., Va.

Robinson & Co., Perry Co., O.

Ritchie Co. (bitumen), Ritchie
Co., Va. '

Sherwood, Canfield, O.

Staunton, Kanawha, Va.

Stamford Co., Stamford, Ct.

Union Co., Maysville, Ky.

White Day Co., Monongalia Co.,
Va

Western Co., Cincinnati, O.

Zephyr Co., New York.

Total, 66.
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The following table, relating to the coet of Artificial Light, has been
extracted from the statement of Dr. Charles M. Wetherill, and published
in The American @as Light Journal, May 1; 1860 :—

Ilominating Material. | Cost per Ib, or gallon. | Copsumption in L(ogjr;::
Wax candles (red)  ($0 50 per Ib. 532 grains 1068 cta.
“  «(green) 458
Paraffine candles, 6's. | 060 567« 1395 “
Tallow “ 6 |015 « 563 « 0324
Sperm “ 4s {040 587 ¢ 0984 ¢
Star “ 025 « 636 ¢ 0688
Lard oil . .| 120 per gallon |12:61 ozs. fluid (2096 “
Burning fluid .|075 509 “ 0746 “
Kerosene . . . 120 389 0912 “
ADDENDA.
Petroleum oil . .|100 « 324 “ 0-860 «
New York coal gas .| 2 50 per 1000 ft.| 4 feet burner. |1-000
Nore d.

Of kerosene, or coal oil lamps, there is a great variety in the market,
and the weekly list of patents shows that the number is still increasing.
A new lamp has just been brought to the notice of the public by
Horatio Eacrg, Esq., 126 Maiden Lane, New York. It produces a
brilliant white light without the aid of a chimney.
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illustrated with 776 woodcuts and 14 plates. London, 1843-55 . . .18 00
The vols. can be had separately.
Vol. 1. Fuel and its Applications (Coal, Gas, Oil, Spermaceti, &c ), and their application
to purposes of illumination, Lighthouses, bc Resin, Wax. Turpentine, Peat, Wood,
8toves, &c., &c., in 2 parts, 8vo., with 438 engmvlngs and 4 plates. Price $9 00.
Vol. 2. Glm Alum, Earthenware, Cements, &c., &c., Manufacture. 8vo., with 214
engravings and one plate. Price $4 00,
Vol. 8. On those branches of Chemical Ind includt luctlion of Food, and
related to Agriculture. (Bread. Milk, Tea, Com.e. Sugnr, Tolmcco, &c.) \ch 9
engravings and 129 woodcuts. Price $5 00.

Chemtical Soclet!:e Quarterly Journal and Traunsactions of. Vols. 1 to §, cloth . 1900
Vol. 9 to 18, Bubscription price, $3 00 per vol.

Chemist (The), or Reporter of Chemlcal Dlscoverles and Improvements, and Protector

of the Rights of the Chemist and Ch facturer. Edited by Ghurles and John
Watt. 4 vols., 8vo., cloth. 184143 . . . .10 00
A Monthly Journal of Chemical and l’hyslul 8el C ing October, 18.’)8.
Price, per year or volume . . . . . 860
Chertier (F. M.) Nouvelles Recherches sur lee Feux d’Artifice. 2me edu., 8vo.,
avec gravures. Paris, 1354 . . . 3%
Chevalier. Recueil de Memoires et de prncedu nouveaux contenant la Phowguphlo
sur plaques metalliques et sur papier. 8vo., half bound, calf. Paris, 1847 . 07

Chevalier (('.) Photographie sur Papler, Verre, et Metal. Galvanoplastie. Cnialogue
universel explicatif et illustre des appareils perfecdonnel. §vo., avec 8 plauches.
Puaris, 1856 . . . . . . . 068

Chevallier., Dictionnaire des Alterations et Falslﬂculonl des Substances Allinentaires,
Medicamenteuses et Commerciales, avec I'Indication des Moyens de les Reconnaitre.
2we edition, 2 vols., 8vo. Paris, 1853 . . . . . . 82

Chevallier, Lamy, and Robiquet. Dictionnalre ralsonne des denominations
Chimiques %t Pharinaceutiques, contenant tous les termes employu en Chimie, &c., &c.
2uie edit., tome ler. Paris, 1858 . . . . . . . 22

Chevreul, De Ia Baguette divinatoire, du Pendule, dit Explorateur, et des Tables Tour-
nantes, au point de vue d'Histoire, de la Crlthno et de la Methode Experlmenule 8vo.
Paris, 1854 . . . . 1%

The Principles of Harmony and Oontrut of Colou, and u:elr Appllcluon to
the Arts. 12mo., 2ud edition. London, 1855 . . 81
De la lof du Contraste simultane des Couleurs et de ses Appllcﬁ.lou. Bvo.. ot dto.
Atlas. Paris, 1889 . . . . .12 8¢
Very scarce.




1 Standard Scientiﬁé Works.

CUlaudet., Nouvelles nechetchu sur ladifference entulu roym Vlwolnt l’holomlqn-.
8vo. Paris, 1851 . .
Clegg (S.) Treatise on the Manufacture of Coal Gu. 4to. London B .
Codex. Pharmacopee Francaise, redi par ordre du gouvernement, avec lppendlce
therapeutique, par Cazenave. 8vo. Paris, 1887 . . . . .
In half calf . . . . . . . .
Celoriste. Nouveau Manuel Complet du Coloriste, on Instructions 8implifiees et elemen-
taires pour 'enluminure,le lavis etla mouche des guvure- Nouvelle edltlon. 18mo.,
avec 3 planches. Paris, 1856 . 01
Colles. Nouveau Manuel de la Pabrlutlon des Colles. comprennnt la Pabrlcntlon du
Colles de Matieres Vegetales, par M. Malpeyre. 12mo. Paris, 1858 . . . 050
Cooley (A. J.) Cyclopedia of Practical Receipts, and collateral information in the Arts.
Manufactures, Professions) and Trades; including Medicine, Pharmacy, and Domestic
Economy; deslgned as a comprehtnnlvu eupplement to the Pharmacopceia, and general
book of reference for the Manufacturer, Tudemmn, Amatenr, and heads of Families.
3rd edition, Svo. London, 15566 . . . 800
(‘oor«‘r g(‘}.) Idenmlea of Light and Hen of Cnlorlc and Eleclrlchy. 8vo. Philadel-
. . . . B . . 075
Cotte. Observ;(lonl Meteorologiques. 4to. . . 068
Coulomb, Methode de determiner I'Inclinaison d'une Algullle Almmm 4to. . 02
Orabb (G. A.) Technical Dictionary; ora chtlonlry explnlnlng the terms used in all
Arts and Sciences.  12mo. London, 1851 . .87
Cumming, J. A Manual of Electro Dynamics. Bvo. London, lm . . 1%
Cundall (J.) The Photographic Primer for the use of beginners in the Oollodion procau
Iliustrated with a Photographic Picture. 2d edit. 12mo. London, 1838 . 031
Cuvier. Analyse de ses Travaux sur la Physique et 1a Chimie. 4to. . . . 060
uin (P, A.) Traite Elementaire de Physique Theorique et Experimentale, avec les
pplications a la Meteorologie et aux Arts Industriels, 8 vols Avec 800 mvuu
sur bois intercalees dans le texte. 8vo. Paris, 1856 . . 6 00
Dalton (FJohn), Life and Scientific Researches of. By W. C. Henry. 8vo. London. lsu 8 50
Chemical Philosophy. $ vols., 8vo. London . . 960
Dantiell (J. F.) An Introduction to the 8tudy of Ohemlc:l Philosophy ; belng a pret:- 800
ratory view of the forces which concur to the prod Ph.z“ d
edition. London, 1843 . . . . . . . TR
Very scarce.
David (H,) Mecthode de Pe|nmre nppllquee nnlquement a la Photographie de Portraits.

®w ©o
82 2%

£2nd edit., 8vo. Paris, 1856 . . . . 050
Davy (Sir H.) Chemical l’hllo:ophy Bvo. London . . . . 550
Account of the Safety Lamp for Miners. 8vo. London . . « 100

8ee Knarp's Technology.'
Delamotte (P.) The Practice of Photography : a Manual for S8tudents and Amateurs.

With a Calotype Frontisplece. 8d edition revised. 12mo. London, 1856 . . 187
The Oxymel Process in Photography. 12mo. London, 1856 . . . 080
De Indnlro (A.) A Treatise on Electrlchy in Theory md Puctlce. 8voll., Bvo.
ndon, . . .
(A.—A,) Traite d’Elec’ricite ’l'heorlque et Ipp“que. 8 vol., Svo ., avec 260 pL
intercalees dans le texte. Parly, 1853-18" [t )

.nombreuses applications de l‘elecmcue aux sciences et aux arts, les liens qnl I'unis-
sent a toutes les autres parties des sciences physiques, ont rendu son etude indispen-
sable au chimlsw aussi bien qu’au physicien, au geologue autant qu'au physiologiste,
al' au decin; tous sont appeles a rencontrer V'electricite sur leur
route, tous ont besoin de se flmlllsrlu'r avec son etude. Personne mleux que M. de
1a Rive, dont le nom se rattache aux progres de cette belle science, ne pouvalit pre-
senter I’exposition des connaissances acquises en electricite et de ses nombreuses
applications aux sciences et aux arts.

Desains (P,) Lecons de Physique, a I'Usage des Aspirants aux Baccalaureats et aux

Ecoles du Gouvernement. 2 vols. 12mo. Figures intercalees dans le texte .
Deschamps, Art (I') de Formuler, contenant: les Principes Elementaires de Phar-
macie, etc. 1 vol., 1Smo., avec 19 figures Intercalees dans le texte. Paris . 13

Descloizea'x, Memoirs sur la Cristallisation et la Structure Interieure du Quarn.
8vo., plus 4 pl. Paris, 1356

Desonge, Traite de I’hotognphle sur Tolle. dernler Perfeeuonnement. 8vo. Pnrll.lﬂ“ 0

Dllderl Manuel Operatoire de photographie sur collodion instantane. 8vo. Paris, 1834 0 T8
Phowgupblques lndlapennble! a tous. Bvo.. de 8 fenﬂlu.

Paris, 1355 ". 19
Dodd (G.) The Curiosmu of !nduury nnd the Ap])llod Bclencel. Ovo. London. 1854 . 100
PDorure, Nouveau Manuel Complet de d hode el

chimique et par simple immorsion par M. II. solml. de fnlooourl, ldmu m. Rm:
odit., tres aug ornee de fig Smo. Paris, 1808 ok




Standard Scientific Works.

Dove (A, W,) The Distribution of Heat over the Burface of the Globe, illustrated by
Isothermal, Thermic lubnom;l. and other Curves of Tumpon:nre. 4to., wm map.
London, 1858 . . B . .

Du BolsReymond on Animal Electricity, by Bence Jones. 8vo. London, 1858 .

Duhamel de Monceau. Traite dela Fabrique des Manceuvres pour les Valsseaux
ou I’art de la Corderie perfectionne. 4to. Paris, 1747 . .

Dubrunfaut. Art of Distillation and Rectification. 12mo. London. (Very Scarce) .

Dumas and Boussingault, The Chemlcd md Pbyslologlc;l Bl.llncl of Ornn!c

Nature: an Essay. 13mo. .
Du Moncel (Th,) Projection des Pﬂnclpwx thmmel de l'Opthuc a l';!da des lp-
pareils de M. Duboscq. 8vo. Paris, 1855 . o

Expose des Applications de I'Electricite. Tome 1ler. Noﬂonl 'l‘echnologlqnu Sme

edit., 8vo., avec 8 pl. Paris, 1858. (Cette edition aura deux vols peut-etre meme trois)
Dumas (J,) Essal de Statique Chimique des Etres Organi Sme edit. Paris, 1843 .
Memoires de Chimie. Avec 7 Planches. 8vo. Parls, 1848 . . .

Tralte de Chimle :ppllquoe aux Am 8 vols. and 4to atlas. 8vo. Plﬂl, 1828-46.

Very scarce . . . . .
Edition de Bmxellu, 8 voll. and “o atlas . .

Dunn (Y.) History of the Steam Jet as applicable to the Vcntllnlon of Coal Mines. 8vo.
Duplais (P,) Tralte des Liqueurs et de la Distiliation des Alcools, ou le quuorhu et lo
istillateur Modernes, contenant, etc. 8 vols., 8vo. Versallles, 1859 .
Dlu'lnd (ll‘nn‘.) Nouvelle Theorle Physique ou_ Etudes An.lyuquu sur ll Phy-lqno
et sur | 8vo. Paris, 1854
Eneres., ‘Wouvean lhnucl complet de la Pabrication des Kncres, tolu que lncm [
Ecrire, Chine, de Couleur a Marquer le Linge &c. 18mo. Paris, lé&
Etoffes Imprimees. Nouveau Manuel Complet du fabricant d’Etoffes Imprimees ﬂ
du Fabricant des papiers peints, par L. 8. le Normand. 18mo. Parls, 1856 .
Exhibition of 1851 (Lectures on the Results of the Great,) delivered before tha
Boclety of Arts, Manufactures, and Oommerce (Dr. Whewell ofeuor Anstod, and
others). 2 vols., post 8vo., each . .
!‘nndln(“.) Chemical Manipulations, being lmtrucllonl to Btudentl !nﬁmnmry
8vo. ndon, 1827. (Very Scarce.) . .
Experimental Researches in Electricity. Ovoll.. Svo. London, 1849-05 . .
The Subj tter of a Course of Six Lectnru on tho Non-meulllo Elements.
18mo., cloth. London, 1858, - B .
Fau (J.) Douse leconl de Phowgnphla. ?encrlpllon de procedel llmplu et faciles, an
q , presq des epreuves sur verre et papler.
18mo. . . . . . .
Fau et Chevalier. Manuel du Ph lc|en preparateur, ou ducrlpuon d'un csblnet de
Physique. 2 vols., 18mo., with an atlas of 83 plates. Paris, 1858 .
Faucher (L.) Remarks on the Production of the Precl Metals, lnd on the Demonltl-
sation of Gold in S8everal Countries of Europe. 8vo. London, 1858, . B
Faure (J.J,) Aunlyu Chlmlquo des Enux du deplrlcment do Ia Glrondo. 8vo. Bor-
deaux, 1858 . .
Figuier (L) L'l' himie et les Alchimi ou Euul llmorlquo ot Ormqlu lnrh Philo-
sople 1 crmellque 2d edit, 12mo. Parls, 1856 .
Francecur (L, B,) Elementsde Technologie ou Dmrlpﬂon duprooodcl des Aru. Ovo.

2nnclu \G. “’ ) 1'he chuonary of Practical Receipts ; containing the Arcana of Trade
Yy Phsmnceuuc.f and Ohem cnl Prepanuonl, lc.

Svo. London, 1856 .
l'relenl us (Dr.) Instruction in Ohcmlul Anlly:h thluﬂve. sd odit. Bvo .y cloth.

Inuructlonl in Chemical Analysis. Qualitative. 05th edlt. 8vo cloth . 1860 .
!‘re&_enl_u’ et Sacc. Precis d‘Anulyn Chimique quantitative. 18mo. Paris, 16845,
[puise.
Precls d’Analyse Chimique qualitative. 1 vol., 19mo., Ag. Paris, 1847, (Zpuise.)
Fyfe(A.) Elements of Chemistry. 8vo. London . . B . .
Manual of Chemistry. 12mo. London .
Galloway (R,) The First Step in Ollemlst%wl New Hethod for 'l‘ewh!n‘ ‘he llmenu

of ‘the 8cience. 2d edit. 18mo. London, .
Manual of Qualitative Analysis. 12mo., cloth . . . .
Chemical Diagrams, on four large sheets . .

Galvanoplastie. Nouveau Manuel complet de Gdunoplutu ou ﬂemenu J’llectm-
meuum}le con::r:;nt I'Ar; ‘:: :Iedulre les metaux a 1'aide du fluide nlvunne, etc., par
Smee. Augmen! apres 8 mby!pe:cer.nloc o o-vmc K. de
Valicourt. $ vols., 1 &m. ! Fl" N
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‘6 Standard Scientific Works.

Ganot (A.) Traite Elementaire de Physique Experimentale et Appliq et de Met
logte, avec un recueil nombreux de problemes, illustre de 500 gravures sur bols inter-
cl::;%es dans le texte. 6e edition, augmentee de 582 gravures nouvelles 18mo. Plrh. 1
Gas. Knapp?’s Chemical Technology, or Chemistry applied to the Art.s Fuel and Itl
Application.” 1 vol. In 2Parts. 8vo. Londony 1858 . . DO
This Is the most recent and complete work on lhe m.nufucmre of Gu, &c.
Gas Lighting (J 0lll‘lll| of’ ) Published in London on the 10th of every monlh.
Price per year . . . . . . 314
b Vols. are publlshed.
Gaudin (v1. A.) Traite Pratique de Phowgnphsl:‘.‘ expose complet dec procedu rela-

tifs au Daguerrcotype. 8vo., hf. bd. cf. Paris, 1 . 15
Gauss (C, F.) Intensitas vis magnetica terreutrl- ad mensuram absolutum revoclu.
4to. Gottinge, 1638 . . . 1
Gavarret (J.) De la Chaleur produlw pnr les El.res Ynu.nu 12mo., avec 41 Ilgurel
dans le texte.  Paris, 1855 15
Gel‘lllrdt. Introduction a l’Elude dels Cllimle par le Syskeme Unlulre. 12mo. Pull, 1
‘Precis de Chimle Orgnnlque 2 uls,. 8vo. Pnrls, 1644 . : 40
In half calf . . . . . 0
Traite de Chimie ()rgnnlquc. 4 vols., Svo. Ptrll. 1855-6 . . «10 0

Ce Traite est une suite a Berselius. Ce celebre chimiste etant mort avant d’avoir pu
terminer son ouvrage, M. (lerhardt, ancien professeur de chimie a Montpellicr, s'est
charge de termniner son travail et de le mnettre au courant de la sclence actuelle.

Aide-memoire pour ’Analyse Chimique. 12mo. Paris, 1853 . . . 078
Gerlsf.s.rdt et (llancel. Prccls d‘Anulyse Chimlque. lﬁ.—no .y BVEC 48 grnnru. Paris, 1
. <12
Glover (R. Nl.) A Msuual of Elememary Chemmry. belng s (,lus-book. llllut.nted.
12mo. London, 1835 . . . B . 300
Gmelin., Handbook of Chemlstry, Vol. 1 to 6, lnorglnlc Chemhtry . .
“ “

Vol. T to 13, Organic Chem!stry, each vol..
The work will be completed in 16 vols. (Cavendish Society Publications.)
Goebe'!. Pharmaceutische Waarenkunde, mit Illum'nirten Kupfern. 2 vols., 4to. Kise-
nach, 1850 . 10 00
Gore (G.) Thcory and Practice of Electro-Deposldon, lnelmllng every known mode o(
depositing metals, etc. 8vo. London, 1358 [ R
Gorham. Unfrequented Paths in Optics. Part 1. Lighl. from a Pln-holo. Part 2. Ll‘M
from a Fissure. dvo. London, 1835 . . .12
Gnh-m. Elements of Chemistry ; including the application of the Sci in the Arts.
ﬁ{ T. Graham, F.R.3. L. & E., Professor of Chemmry at Universlty Oollege. London.
edition. enlurely revised and grq.ully enlur‘ed, plously ill 1 with W

Vol.1. 18% . . o B . . . 500
Vol. 8. London and New York. 1857 . B .« 500
This work, which ranks among the first on the subject, Il now compl te. )
Chemical Catechi 8vo. London . . . 47
Gregory (Wm.) Eicuentary Treatise on Chemistry. lSmo Edinburgh, 1853 . 15
Hundbook of Inorganic Chemistry. For the use of Students. 8d edition. 12mo.
London 17
Handbook of Organlo Chemmry. for the use “of Smdenu. 4th edition, correcud
aud much extended. 12mo. London, 1556 . h02
Griffin, Treatisc on the Use of the Blowpipe. lSmo. London. (So:roe.)
Grifiin (J. J,) Chemical Recreation. Div, 1, post 8vo. . . . . 060
Griffith (T ) Chemistry of the Four Seasons. 12mno. London, 1858 . . .29

Grove (W, R.) On the Correlation of Physical Forces. 8d edit. 8vo. London, 1855. 2 25

@ruyer (L. A.) Principes de Philosophie Physique pour servir de base a la \I uphy-
sique de la Nature, et a la Physique Experimentale. 8vo. Paris, 1845 17

Guibourt. Histoire naturelle des drogues simples, ou Cours ’histoire nuturelle profelse
a I'Ecole de Pharmacie, quatricine edition, augmentee. 4 vo. , 8vo., avec 600 fig. inter-
calees dany le texte. Paris, 1349 . . . . . . 150
Half bound in Paris 90
[Cet ouvrage, que tous les pharmaciens “considerent comme un Vade-mecum de prc-
wiere necessite, parce que Ia grande exactitude apportee par I'auteur dans la descrip-
tion des drogues leur permet de distinguer les dlvems espuces et varietes qui se rencon-
trent dans le commerce, ainsi que les falsificutions qu'on leur falt subir. Cette quatrieme
edition a ete nnum.ﬂc a une revision generdle, et les augmentations ont ete tellement
importantes, qu'on peut la considerer comine un ouvrage entlorement neuf. C’est un

Cours compiel d'histvire naturelie pharmaceutigue 6t medicals, que les medect:
consulteront toujours aveo fruit.]
Guitard. Histoire de I'Electricite. 12mo. Parls, 1854 . . . « 100
@urney. Lectures on Chemistry. Svo. London . . . . . 20
\



Standard Scientific Works.

Illrdy . W, H.) Incidental Remarks on some prlnciplu of nght bolng Part 8 of
an kssuy on Vislon. 8vo. London, 18568
Hardwich (T. F.) A Manual of Photographic Chemlury. lncludln‘ the Prlctlce or
the Collodion Process. 2d edition. 12mo, cloth. London .
Harris (Mr W, S.) Rudimentary Treatise on Galvanism, and &ho general pﬂnflplu
of Animal and Voltaic Electricity. 18wmo., illustrated, cloth
llnl;wll (A, ll.) Food and its Adulterations. With 1569 ﬂhmnuom. 8vo. London.
Heath. Phutognphy. A New Treatise, theoretical and ctlcd, of tho Proouui And
Manipulations on Paper and Glass. 8vo., New York, 1 . . .
Hedley (John), Practical Treatise on the Working and Venulatlon of Oonl Mines;
with suggestious for Improvements in Mining. 8vo., cloth . .
Hennah ('T. H.) The Collodion Process. 4th edition. 13mo. London. IBNS N
Henry (W.) Elements of Experimental Chemistry. 8 vols., Svo. London .
Herling (A.) Traite de Photograpbiesur Collodion Sec. e edit} 13mo. Paris, 1856
Highton. Treatise on the Electric Telegraph. 12mo. London, 1863 . .
Hinds (Dr. W.) The Harmonies of Physical 8clence in relation to the Higher Senti-
ments, with Observations on the 8tudy of the Medical Sciences, and the Moral lnd Sclen-
tific Relations of Medical Lifs. Foap. 8vo. London, 18563 . . .
Hoefer (+.) N lature et classification chimiq suivies d'un lexique hhtorlquo ot
synonywmique P! les noms iens, les formules, les noms nouveaux, le nom et
lu date de la decouverte des prlnclp:ux produlu de la ch!mle. ISmo.. avec ubluux.
Paris, 1845 . .
Hoefer. Hist. de Chlmle depuis lu temps lu plus mulu juqu’a noo]onrl. ] voh.. 8vo.
Paris, 1842. (Very scarce.) . . . . . .
Hood (C.) A Practical Treatise onWtrlnlng Buﬂdlngl by Hot Water, on Venullt.lon, &c.
8d edition. 8vo. London, 1858 .
llovklnu (r,) On the Atmocpberlo Ohtngel whlch produco Rain nd Wlnd. 4 edll.

Hopklnuon (J «) The Workln( o! the Slenm Englne l‘.xpllined by tho Use of the Indl-
cator. 8vo. London, I . .

Horsley (J. A.) A Catechism of Ohemlcll Phllolopl\y, 865 a runnlu expodt.lon of
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the Principies of Chewmistry and Physics. 12mo. London, 1 200
Houzcaun. Physique du Globe et Meteorologie. 18mo., with plawo. Bnmel-. 1854 . 068
Howard (L.uke.) Seven Lectures on Meteorology. 12mo. London,1848 . . 100
Howlett (R.) On the various methods of Printing Photographic Plcuu'u upon paper,

with suggestions for their preservation. 12mo. London, 1 H“p 0381
Hunt (BRobert). Researches on Light. 8vo. London, 1844 8 00

Photography: a Treatise on the Chemical Chang duced by Solar Rndh&lon.

and the production of Plctures from Nature. 18mo., clo. “London . 17
Hur: aux. Histoire des Falsifi des Sub All ires et Med!

precedee d’une Instruction Elemenulre sur I'Analyse, et sulvie des Essais et Anal ses

Qualitatives pour R ¢ Instaut t les produits Chimiques usites en Phar-

macie, dans les Arts et dun l'Industrle. 1 vol., 8vo. Paris, 1836 . . .17
Inorganic Chemist:y (First Outlines of). 12mo. London . . . 1%

 Isadore Grofflroy Saint=Hilaire. Lettressurles8ub Alimental ct.par-

ticulierement sur la Viacde de Cheval. 18mo. Paris, 1856 . 002
Ilinstrated standard Scientific Works (Library of), buuumny prlnud uul

{llustrated. Original London editions at the price of the Reprints :

Muller?a Principles of Physics and Meuorology. Wlt.h m'oodcuh md 2 colored
engravings. 8vo. . . 400

Weisbach?s Mechanics ol lhchlnery and Englneerlng. Voll 1and ﬁ, with 900
woodcuts . . 700

Technology or, cbemmry lpplled to the Am and to Mummsmns. By Dl'l-
Kxapp, RoxoLDs, & RicBARDSON. Splendidly illustrated. 8 vols., 8vo. . . 1800

Quekett’s Practical Treatise on the use of the Microscope. With Steel and Wood
Engravings. 8vo. 8d edition, with additions . . . .

Graham?’s Eements of Chemistry, with its uppucntlonn in the Arts. 2d edition, " 10
]

with inumerable woodcuts. 2 vols, . .

Fau’s Apatomy of the External Forms of Man. For Anm-. ldimd by R. Krox. "y
0 Ot

M.D. §vo., and an atlas of 28 plates 4to. Plain, $6 00. Colored, .
Nichol’s Architecture of the Heavens. 9|h edluon. lntlrely revised. Steel

Plates and Woodcuts . . .
MItehell Sw} Manual of Pncucll Anuylng. d ednlon, much enln.r(ed. 8vo.
London, . . .

Johnson 'W,) Instructions roan Analylu of Boﬂ- Lk d )l
B Lum. 1886 , e .

'l'bo“ 'y of O Life. 8 voh. I&no. ldlnbnr(h.‘lw . .

880
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8 Standard Scientific Works.

Johnson (J. F. W.) lﬂemenh of A‘ﬂcultunl Qumlnry snd Geolo(y lho &h

edit. London, 1858 . 200

Jourdain. Ph:rmncopee Unlveuelle. ou conlpectu de toutel les Plurmmpes. 2 vols.
in-8. 2edit. Paris, 1840

Joyce (RRev, J.) 8clentific Dhloguu lnunded for (ho lnn.ructlon l.nd ent erulnment ot
young pecple. 12mo. London, 1858 . . . . . .

Dialogues on Chemistry. £ vols. 18mo. . . .

Julien, Quelquu polnu de Sclenoe d;m l'Anuqulu. Phy-lque. uet.rlque, lullqne.
8vo. Paris, 1854

Keemtz. A Complete Oonm of lhteorolo‘y. Wlth uldltIonn by C. V Wl.lkor. 1 vol..
post 8vo., pp. 624, with 13 plates., cloth boards. 1845 . .

Kane (Sir Robert). Elements of Chemistry, theoretical lnd practical, Includlng the
nost recent discoveries and applications of the Sclence to Medecine and Pharmacy, to

Agriculture, and to Maoufuctures. Illustrated by 200 woodcuts. 8vo., cloth . .
JKemp (T. L.) The Phasis of Matter; belng an Outline of the Dllcoverlel lnd Applica-
tions of Modern Chemistry. 8 vols. 12mo. London, 1855 . .
Agricultural Physiology Anllnll tnd Vegeuble. l'or Puctlcll Agrlculturhu
12mo. Edinburgh, 1850 .
Kerr (T.) A Practical Treatise on the cultlut.lon ol’ the Sngsr Onne, llld the llnnufuc-
turlng of Sugar. 12mo., cloth . . .
x& Ronolds, and lllclurd-on. Ch 'y In its ,,“ ti to the Arts
unufactures ;

Vol. I.—Fuel and its Applications—Coal, Gas, Oil, Spermwetl. &c., and thelr applica-
tion to purposes of Illumination, Lighthouses, &c. —Retlu. Wazx, Peat, Wood, vau. &c..

&c., In 2 Parts, 8vo., with 438 Engravings and 4 Plates B .
Vol. I1.—Glass, Alum, Earthenware, C kc., &e., fact Bvo.. with 214
Engravings and one Plate . . . . .

Vol. III.—On those branches of Chemical Indultry. including the Productlon of Fond,
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Engravings and 129 Woodcuts . . .
Kebell, BSketches from the Mineral Klngdom. Pon. 8vo. lmdon. 1868 . .
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Knight, Dictionary of Arts, O ce, and Manufactures. 8vo. London, . .
Kyan (J, H,.) On the Elements of Light, md Q.helr identity wl'.h those of Matter, Radi-
ant and Fixed. 8vo. London, 1§38 . . .
Laboulaye. Dictionnaire des Arts et Manufactures, de l'A*' , des Mines, eéc.
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Lmll‘l}bre. Fubrloatlon dela Blere et Dllu.lulon du Aloooll. Vol. 1 8vo. (Fot the 8

Lacan (E,) Esquisses Pho lphl ues & Proj do l'lxpodtlon Unlunelle et de Il
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Lambert. S8urla Meteorologie. 4to. . .

Lame (G.) Cours de Physique de I'Ecole Polytechnlqu. ! vols., en 8 Plrtlu. 8vo.,
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Lardmer (D.) Handbook of Namnl thuophy. Hydromtlu. Pnoumdu. ud Heat.
12mo. London, 1850 .

The Museum of Sclence lnd Art. 10 vols., lSmo. Illnnnhd by uunvingl on

wood .

lhndbook of N.tnrtl Phllolophy lnd Anronomy. 'l'hlrd (’onroe—lleleorology,
Astronomy. 8vo., with 87 lithographic plates and upwards of 200 ii'ustrations on wood,
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A Treatise on Heat. 12mo. London,185 . . .
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8vo. fig. Paris, 1889 . .

Laurent (¥,.) Preusde Orlnlllo‘rlphle lulvl d'une l(ethode Slmple d'Annl,yle au cha-
lumeau. 12wmo. Paris
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lated by ng. London, 1855 . . . . .

(Cavendish Soclety Publication.)
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LSHerltior (8, D,) Traite de Chimie Pathologique ou Recherches chimiques sur les
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Pathologie. 8vo, L X
Le Nermand. L'art du distillateur des unx-da-vh. 2 voll 8vo. Pu'll. 1811 . 800
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Lerebeurs et Secretan. Traite de Photographle. e edit. 8vo. . . . 100
Levesque. Artof Brewing and Malting. 4th edit. 8vo. London, 1847 . 700
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Liebig and Ko ‘s Annullhponol’ uuPro(n- of Obemhtry lo. 4 voh. cloth.
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Light: It N:slnre.ﬂourou,ﬂecu,md Applleulou. mlmnhd bya Photoguph. lho.
ndon, 1856 . 1%
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Love (T.) The Art of Cleaning, Dyeing, and S8couring, &c. 13mo. London, 1854 . 3%
Low (David,. Au Iz.qnlry linto thc Nmn of the Blmple Bodies of C'bonhtry 8d edit.

8vo. London, 1856 .97
Lo . Prlnclplu of Ornnlo And l’hy:lolo;!oul Obommry. by D. Bmd 8vo. Phile-
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JIIekenzle 0.) One 'l'homnd Pr In Manufact uxd l:xg-—' lnw
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Theory and Experiments in Chemistry. Bvo London, . . 600

Momnlay SRQV. Fe W.) Lectum on Natural l’hﬂo-ophy ] vou. avo. London, 500

Malaguti (F.) Lecons de Ohlmlo Agﬂooh, Profeuee- in mz. l&no. l’l.rh, 1886 . 100
J.) Lecons Elementaires de Chhnh. ] voh. 18mo., avec lotﬂguru lnm-oabes

dans le texte. Paris, 1858 B .35
t (W,) On the Oompuldon of Pood. and how itis Adultented with prmlued
directions for its analysis. 8vo. London, 1858 . . 200
Marters. Esquisse d’une nouvelle classification Chimique des Corps. 4w . . 02
———=~ Combustion de Ia vapeur alcoolique et etheree, autour d’un fil de Platine. 4to. . 0 %d
Sur la theorie Chimique de Ia Respiration et de Ja Chaleur Animal. 4to. . 080
Martins (A,) Handbuch der Photographie, Dritte auflage. 8vo. Wien, 1803 - . 38
Mather (.l’lmel). Ood Klmn, thelr Dmgm ud Means of Bdety 8vo., voodcuu.
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Mattenci. Cours Bpecm sur I'Indnouon, le M etlnnnt surles relluou enu'e 1a Force
Magnetique et les Actlons Moleculaires. 8vo. Parls, 1884 . . 180
ll-.ttoueel et Savi, Traite du phmmenu !lectro-l’hy-lologlqnu des mlmm.x.
Parls, 1844 o . 300
lllltthew- (W) Oompendlnm <! Gas nght.lug 1emo. London . . .18
Historical Sketch and Origin of Gas Lighting. 18mo. London . . 39
Memoires d’'Agriculture, d’Economie Rurale et Domestique, publies et par la Societe Im-
periale et Centrale d’Agriculture. Annee 1834. lere partie, 8vo. Parils, 1855 . 150
Messier, Observations sur les mdu Chnleuu, a Soohen-e. ete. de la &Ino s P
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Metcalfe (S, 'I'.) Caloric; its Mechlnlcll, Chymcd. and Vlul Agenc!- in .Iu Phano-
mena of Nature. 8 vols., 8vo. . . .

Mialhe. Chimie appliquee a la Physiologie et a la Mtpeut.lquc. 8vo. Paris, 1855 . S v
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trated. 8 vols. 8vo, London, 1855-87 . o . «14 00
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Nifllar (James). Eements of Chemistry. 8vo. Lond o . . 87

Miller (w.) (Cashler to the Bank of England.) Decimal Tables used at the Bank of
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HMillen M. o ltududoOhlmleOmnl uhlmmmdul utlonll'h olo-
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Millon (Y. E.) Des Phenomenes qui se produllenc du contact de l’l‘l et llll Ble et do

leur Consequences, Industrielles. 8vo. Paris, 1854 . ode
Mitchell (J,) Manual of Practical A-uylng, intended for the use of Iehllnrguu.
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sud grains, of noble metal contalned in one ton of ore. from a given mnmy 1 vol..
8vo. 2nd edit. London, 1804 . . . . ®
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don, 1848 . . . . . .18
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colored plates. 8vo. London, 1847 400
Murphy (Rev. R.) Elementary Prlnclpln of the 'l'heorlu of n«,mmy. But, lnd
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.Murray. System of Chemistry, 4 vols., 8vo. London . B . .'15 (£
8ketch of Chemistry. 12mo. London . . . . .98
M | of Chemical Experiments. 18mo. London . . . . 180
Chemical Tables and Diagrams. 8vo, London . . o . 100
Elements of Chemlstry. 4 vols., 8vo. London . N . . T80
Muspratt (Dr. S.) The Use of the Blowpipe, in the Qualitative and Quantitative
Examination of Minerals, Ores, Furnace prodnctl, and other metlluo comblnlaon:.
By Platner. 8vo., cloth 8 00
Chemistry Theoretical Pncﬂul lnd Wcll as nvplled wd rehllng to ﬂu
Arts and Manufactures. m;yal 8vo. Ty, s, L'ondon, 1856. Each 10
Each division of this fine work contains 4 portraits (engraved on steel) of the most
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“‘Napier (F.) Manual of Electro-Metallurgy. Post 8vo. 1868 . o . 100
A Manual of the Art of Dyeing. Svo, with fllustrations. London, 1858 . 99
Wesbit (J,. C.) On Agricultural 0hem|§°? and the Nature and Propertlel of Peruvian
Guano. 38d edition. 8vo. London, 1 . . . .12
Nisbet (W,) Dicti 'y of Chemistry. 12mo. Lond . . $ 50
WNicollet (H.) Atlasde Physlti’ue ot de Meleorologlo Agrlcolu. @rand In-!ol., de 18 ]:I.
col., avec tableaux et texte. Parls, 1856 .18 80
Noad (HL ML) A Manual of Electricity, Includlng Gllnnllm. Mngnethm, Dlun:gne-
tism, Electro-Dynamics, llmdo-luclrlcuy. and the Electric-Tele~raph. 4th edition,
nurely rewritten. 2 vols. 8vo. London, 1856 . .
Lhemical Manipulation and Analysis Qualitative and Quantitative, With an intro-
duction explanatory of the mer;l pr‘lnclple- of Chemical Nomenclature, &c. 8vo,
London, 1833 . . . . . . .
Lectures on Chemistry, Svo. London . .37
Normandy. Commercial Handbook of Chemical Annly-ll. Post 810. London. 1850 . 875
A Practical Treatise on Chemical Andynh. Quantitative and Qu:lluuu. By
Rose. 2 vols., 8vo. London, 1848 B B . 0 25
An Introduction to ditto, 8vo, London . . « 27
Orfila (M. P.) Elements of Modern Chemistry, 8vo, London . . . 32
Ottley (W. C,) Dictionary of Chemistry and Mineralogy. 8vo. London . . 4w
Paris (J. A.) Elements of Medical Chemistry, 8v8. London . . . 4T
JParnell, Treatise on Dyeing and Calico Printing. 8vo, London . . 218
El ts of Chemical Analysis, Qualitative and Q itative. 8vo. London. 1845
Reduced to . . . 37
Applied Chemistry In Manufactures, Vols, 1 and 92, Ovo. London. Rach 37
dPayen, Oours de Chimle Appliques, professe & I'Ecole Oentrale des Arts ot lnnuﬁotu-,
& au Conservatoire des Arts et Metiors. Redige par Dellisse et Poinsot. 1re partiey
Chimie Organique, Ovo.,aveonlu{ollodclolﬂuchu. Paris, 1847 . . 000
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P.yo-. Precll do OMmlaw Industrielle, a I'usags de- Ecales prevaratoires aux Profes-

,etdn-.- Ivol. Dvo.. aveo atlas de
plmebu in 8vo. Paris, 1830, . . 68
l’a;en et lBlcllll'cl. Prech d'Agrlcnuure theorlqne e'. prulquo. ] wh., Svo. .
Peckston (T. S,) Treatise on t.he M;uufuctnu ol Gas, Bvo. London . T
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Traite de 1a Chal ideree dans ses licati Trolss edition ent
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Le suppl separ 1858. 4to. . . . 8%
Pelouze, Traite de I'Eclairage au Gas tire de 1a Houllle, du nunu, de Resines, etc.
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Pelouz et Fremy, Traite de Chimie generale, comprenant les lpplicotlom de celte
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2nde edit. Tomes 1 a b et atlas, Paris, 185436 . . . .1300
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se——— Abrege de Chimie. Troisieme edition, conforme aux nouveax programmes de
Penseigneinent scientifique des Lycees. 8 vol., grand 18mo., avec 174 lpn'el lnwrenlc.

dans le texte. Paris, 1850 . . . .
Notions Generales de Chimie. Tn beau volume lmprlme avec que, mompqm
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Peltier (A.) Meteorologie. Obuex | et Recherches experi V! 8vo. *
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Pernoz. Tralte theorique et pratique de I'impression des tissus. 4 beaux vol., 8vo ,avec
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d'encour de une medallle de 8,000 fr. Paris, 1846 . . 1700
Pharmaceutical J Cllllll.l and Transactions. Vols.1 to 15. Half bound. London,
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Pharmacofpseia. The Nex London, Including llso the Dublln md Edinburgh Phar-
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Phitiles (1. A.) Gold Mining and Assaying; a Sclentific Guide for Australian Emi-

grants. 13mo. With woodcuts, London, 1852. . . B . . 100

M 1 of Metallurgy. Post 8vo. New edit. London, 1854, . . .3B

Phill ps (R.) A Milllon of Facts of correct data :nd elemenury constants in the
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12mo. 1808. . . . .
Philosephical Transactions of !he Royal eoclety ol London, from ls!b to 1861,
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(Published price, £70 unbound.)

Plies- ¢ (So) The Art of Perfumery, add the Method of obtaining Odors of Plants;
with instructions for the Manufacture of Perfumes for the Handkerchief, 8cented Pow-
ders, Odqrous Vinegars, Den‘ifrices, Pomatums, Cosmetiques, Perfumed Socap, &c.

With appendix, &c. Orown Svo cloth. London, 1806. . . . . 28
Plaltnvr((.l‘) Tabl ct au Chal les alcalis, les
terres et les oxydes meulllqnel, solt seuls, lolt. lvec les relcuh. Traduit de I'Allemand
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The Use of the Blowpipe in the Qudluuve and Q itative K foation of

Mineraly, Ores, furnace products, &c. 8vo. London, 1850 N . . 800

Polsson (Ne Ds) Theorie Math Ique de la chaleur. 8vo. 1885 . . 080
Pouillet, Elements de Physique Experimentale et de meteorolo, Tme edition.

2 volumes, §vo. de texte et un volume de 40 pl. 8vo., 4to. Paris, 1 . . 4080

Preentl (Jo J.) Technologische Encyclopsmdie oder alphabetisches handbuch der Teoh-
nologle der chhnlnchen Chemie und des Maschinenwesens. Vols. 1 to 18, 8vo.. M

plates fol. . . . . . .
Prideaux (T. 8,) On Economy of Fuel, particularly with reference to Bwerb-uory
Furnaces for the Manufacture of Iron, and to Steam Bollers. 13mo., cloth . 0%
Prout (W.) Treatise on Chemistry, Meteorology, etc. 8vo. London . . 4080
Quetelct (A,) Positions de Physique. 8 vols. 18Smo. Brussels, 1884 . - 300
Rammelsberg (' F.) Lehrbuch der Stochi rie und der Allgemet h it
lchcn chemle. 8vo. Berlin, 1843 . .11
Anfan nde der quantitativen l(lnen.loglu:h und Metallargisch ln‘yﬂlclnn
Ohemle durcmmelo erlautert. 8vo. Berlin, 1845 ' r'I ! in

@wmeeme  Lelsfaden fur die Qualitative Chemische Anal mls bmndw lncbuu M
H. Rose, Handb. der analyt. Chemie. 8vo. Berlin, 1843 ., [ k(]
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Raspail (F. V.) Nouveau Systeme de Chimie Or‘mlq fonde sur de mguvelles

” ‘ d’observations, precede d’un Traite complet sur I'art d’obseryer, de manipuler

en mnd ot en petit, dans le laboratoire et sur le porte-objet du microscope. Deuxieme

edition, entierement refondue, accompagnee d'un atlas in-4 de 90 planches de figures

dessinees d’a rru num. gravees et colorleel avec le plus gund soin. 8 vols., 8vo., atlas
4to. Paris, 1838 . . . 70

Nouveau 8y de Physiologie vegeulo et do Mnlque, londe sur les methodes

d'observations developpes dans le nouveau systeme de chimie organique, accompagne

de 60 planches contenant pres de 1,000 figures d’analyse dessinees d’apres nature et

f;“vm avec le plus grand soin. § forts vok, 8vo., et atlas de 60 planches. Paris,

. N . . . . . . . 760

Le meme ouvrage, planches coloriees . . . . .13 50

Ieeadai. Theorie Generale sur les Effcts L‘, fques de Ia Chal Mo., avec planche. 0
Regnault 4!‘]. H.) Coun Bemcnulu de chlmle, 'y I'nnge des Pacu.lteo. du Etablls-
des Ecoles l\ormdu et des Ecoles lndu-trlellu. 4

vols. l%mo 4th edit, Paris, 1853-4 . . . 500
Elements of Chemhtry Trmhud by Beuon and 'l'lber. 5 vols. Gvo. 700

woodcuts, Philadelphia, 1858 . 750

Relations des Experlenceu entreprhel pour determlner les nclpllel lou et les
donnees numerlquen qul entronl dans lo calcul de- l;chlnu a npenr. 4to. Parls,
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Cours Elementalre de Phyllqne. 4 vols.. lsmo., .n(lnh,"ec ﬂguru dm le texte.
8Sous presse . . . .
An El 'y Treatise on Cryndlognpb&s llltm.nud with 108 Wood Eu.nv-
ings, prlntod on Nuk ground. 8vo. London, 1 . 0T
- P E ts de Chimle. 1 vol.. l&no.. avec ﬂ.urel dans Je uxte. Pll‘ll.
1850 . . . . .18

Reichenbach B-rnn Charles.) Physlco-l'hyslologicnl Researches on thc Dyna-
mics of lhgnetllm. Electricity, Heat, Light, Crystallisation, and Ohemhm, in thelr Rell-
tions to Vital Force. The complete work, from the German addi
& preface, and critical notes, by John Alhburner, M.D. 8vo. With woodcuts and one

plate. London, 1850 . . . . . . . 800
Reid (D. Il.) lllnstruiou of the 'l'heory and l’uctlce of Ventllation, with remarks on
Warming, Excl Lighting, and the C ication of Sound. 8vo. London,1844 . 4 80
Rudiments of Chemistry, wlth ﬂlututlou of the chemht.ry al Dally Life. 4th
edit. 18mo. London, 1851 . .0
Repertolire de Ph.rmnc.o. ] voh. 8vo. 1840—1850 . 750
Richardson (C. J.) Popular Treatise on the Warmln‘ lnd Ventﬂndon of Bnlldlngl. .
18 plates. 8vo., hl. cf. Loudon, 1881 . 860
Rintoul (A. N.) A Guide to Painting Photognphlc Portralu anerlu Buh;ronnd
etc., in ater 6olor. With colored diagrams. 13mo. 1850 ! ' T 080
Roberts (W. L.) Scottish Ale Brewer and Maltster. 8vo. Lomlon . . 500
Roberison (H.) A General View of the Natu lllltory of the Atmo-phere, &o. 8
vols., 8vo., cf. lzdl V' . 3200

Rese (11.) Tralte prathne d'annlyse chlmlque. sulvi de ubles urvnnt dans lu analyses
a calculer la quantite d'une substance d’apres celle qul a ete trouvee dans ane autre
substance; traduit de I'allemand sur Ia quatrieme edition par A. J. L. Jourdan. Nou-
velle uditlon. aveo des notes et additions, par M. Peligot, professeur de chimie au Oun-

servatoire des arts et metiers. 8 vols,, 8vo., fig. Paris, 1848 . . .
Practical Treatise on Chemical Analysis, including Tables for calculations in Ana-
lysis. With notes and additions by A. Normandy. 2 vols., 8vo., cloth, London .10 25
Analytical Manual of Chemistry, by Grifin. 8vo. London . . .47
Ausfuhrliches Handbuch der Analytisches Chemie. 8 vols., 8vo.. bf. bound calf.
Braunschwelg, 1851 . . . . . . .
lnulenr (A.) Manipulati § Guide pratique du domu-, de I'argen-
teur et du vuopluue (l.voc 90 ﬂanru en galv:nopluuo intercalees dans le texte).
8vo. Parls, 1856 . . .87
Runge (F. F,) Chemmry of Dyeln‘. Pnrt 1. svo. London . . 1%

Ryland (A.) Treatise on Assay of Gold and Silver Wares. Post 8vo. London. ™. 1
Sabine (E.) Magnetical Observations at Hobarton. Vol. 3, royal 4to. London, 1852 . 13 00

Sacc (F.) Precls Elementaire de Chimie Agricole. 3e edit. 12mo. Parls, 1855 . 100
Safety Lamps for Miners, etc. Knapp's Chemical Technology. Vol. 1. 1856 9 00
Sanders (Dv, J. ¥.) Practical Manual on the Use of the Blowpipe . .

Will be published in January, 1857,
Santinl, Teorica deglli objettlvi acromatici. 4to .

Scheerer (T.) An Introduction to the Use of the Blowpipe ; together with a descrip~
e Piowal ipe, characters of the important mine franslated L
cbard. 1§mo. London, 1858 . . . o . . 100
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De la Rive (A-) A Treatise on Ehe%ridty in Theory and Pru:ﬂu 3 vols. 8vo., lllutn-
ted.

8

London, 1853-58. . 19 80
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. . 600
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Mnl (P.) Leconsde Physique. Tome ler. 12mo.,avec figures. Paris,1837 .8$l 50

P Hnnn Pratique d’Analyse Chimiq ﬂvoh lvo. uulknnl. Paris,

1850 . . . . . 37
Dessoye {J. B.) Etudu’l‘ ', ot P ', mrlu Proprietes de l’Adu 18mo.,

Par.», 1869 . . 100
Dickson. Unity of slul Sdeneu Bdng an quulry lnto tho (huu- ol Gnvihtlm

and Polarity. ~ 8vo., hmdyon ’ .10
Dore. lecons de Chimie El i ‘,_"_ aux lrtl‘ dustriek Ovoh.,nveeﬂ‘nnl,

Parils, 1855-57 . . 400
D’Orvault. L'Officine ou Reportohe Gencnl de Phnm-clo Pnthuo. le-o Edlt. aves

gravures, 8vo., Paris, 1858, demi relie . 337
Duafrenoy. Trlite Complet de Ilmnlogb. 4 vol- hlvo. .nd Auu de 200 plnnchn. 20

Edition. . 13 00
Du &B ] 1t 'l'bo Chemical and Phynlologlenl Bnhneo of chnnle Nntm ;a0

Essay. ByJ. Duxu:ndJ.&Bouumw,nmben uuln-mutooﬂ‘nneo 1lvol.,

12mo. London, 1844 . . N
Dua Moncel (Th. Expou des Applicati do VElectricit: 8 vo\-. 8vo. avec phnahu

Paris, 1856-57 ) . ’ . 586
Dua Moneel. Etude du lhgnoﬁnne otde I’me au pnlnt. de vue do h Oon-

struction des Electro-Aimants. 8vo., Pans, 1859
Daplais (P.) Traite des Liqueurs et de la distillation dea Aloooh ou le Uquorllto oﬂo

distillateur Modernes, contenant, etc. 2e Edition. 2 vols., 8vo. Vorulllen, 1858 { 1
Duplex (G.) Matter, its Forms and Governing Laws. 12mo. London, 1856 . .
Encyclopedia Britannica. 8th Edition. Vol.- 1to u. tto. londa: 1853-59. 50

Per vol. . .

nncyclopedlo Purthuo de l'Agriculture pubm par F. Dudot tmen sous la direction de
Moll. Tomes 1 et 2 in 8vo. Avoo nombreuses gravures. Pulu, 1859. Chnqno 168
vulumo . . .
L’'Ouvrage aura 16 Vols. environ.
English Encyclopcdia.—Artsand Sdeneu Volm land 2., R. Ivo., m\utnted. lnndon
1859. Each vol. . . . 27
Will be completed in 4 vols.
Euler. Lattres a une Princesse 4’ Allemagne sur divers sujets de Physique et de Philosophie
avec eloge d’Euler par Condorcet. 2 vols. 12mo., avec figures. Paris, 1869 . . 168

Faraday. Experimental Rescarches into Chemistry and Physics. 8vo. London,18590 . 4 00

Figuler (L.) Exposition et Histoire des Principales Dooouwrtn Selentl ues modernes.
I‘be mu( 2 vols., 12mo., avec figures. lp‘ ﬂq . . 318

Figuer (L.) L’Aunbe Sclendﬂque et lndultrkllo. 1ere. Annoo, 12mo., M, 1861 Nouv.

kdit. 1869 . .
2eme Année. 2 vols. !'Imo., Pnril 1858 . . . o . « 168
3emo Aunéa. 1 vol., l.mo Pariu, 1859 o . 9
Foutenelle et Dhlpoyn. Nouveau !bnnol do phydque n-nu.nb. Nouv. Edit.
12mo., avec planches. Paris, 1659 . 90
lownu- Manual of Elementary chemistry. 'm: odlt. 12|no. lllutnud. Iondon, 1888 3 87
¥r 1 Tnstruotions in Chemical Analysis. Qualitative. 8th edit. London,1859 . 8 43
Galloway, R. Manual of Qualitative Analysis. 2nd edit. London, 1857 . . 128
Ganot. Cours de Physique purement axperlmhlo l I’un‘o des Gens du Monde. 12mo.
avec nombreuses figures. Paris, 1858 . . . 180

Ganot, A. Traité elémentaire de Phy-iquo Eprrhmnhbu liqué otd. Météorologh

PPUY! - Sedd

avec un receuil de nombreux pcob dmes. hm odit. 12»0 .y AVEO mhnum

Paris, 1858 . . . . 1868
Gavarret, J. Traité de l’E!eetrid“. 2 vol.l l2mo avec Muru. Pub, 1861—68 3 60
Gentillon, E. Traité let sur la fabricati du étoffes de sole analysé degrés par

degrés dans toutes les phases ou 1a soie & guun juq 'a son entibn oxoeutlon en étoffe

fabriquee. 4to., avec tableaux. Parls, 1859 . .2
Gerhardt et Clnnool. Précia d'avalyse chimique &unﬂuﬁn, l l’n-pdu In'loelu,

des pharmaciens, ete. 12mo., avec gravures. Pa; 180
= —— Précis d’analyse Qualitative. 12mo., avec gravures. Paris, 1866 . . 113
Gmelin, G Handbook of Chemistry, translated by H. Watts. Published by Cavendish

Society of London. London, 1848-89.

Vol. 1, outofpdnt, vory soarce.
Vol. 2to 6 . . . . . . - . «12 00
Vol. 7 8 9, 10 . N . . . . . . . « OO
Vol. 11, 12" . . . . . . ..908
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Elements of Chemistry ; inclu the Application of the Sclence in the Arts.
By T.Graham, F.RS8,, L. &K, aster of t Mint, late Professor of Chemlstry at Univer-
sity College, on. 2nd edlt.ion, rovised and onhrpd oopinuly illustrated with

wood-cuts. 2 vols. 8vo. 1850, 1857 . . . $10 06
——  Vol. II. edited by H. Watts, M.C. &,np‘uhly. w1, . . 800
Girassi. Etudes com ntln do deux -yltémudo chsulkgo ot mﬂhﬁm f I'Ho"lul ln

Ribolisiere. 8vo. F: 80
— Etuledu systéme de chauﬂ“go ot de mﬁhﬁon 0.:bll Vl.u Hech dnr.: l'hOpl-

tal Beaujon. 8vo. Puris, 1857 pas 50
emm—— Sur la construction et l’uldnhwmcnt du lltrinu ot fou- d’;lnzwo 8vu. avec

planches. Paris, 1859 . R ]
GT. Su -honlu wdnem loymont o( a Nomm Orpnum Ionllum. 8vo. lnn-

0, ls&gg’ i e
y We Handbook of lno nlc Chcmhtry For the use ot stndentl. Mh edlt.

lbno london, 1867 e . 18
~——— Handbook of Orgln(c Cbm!ltry For tho use ol Studvnu. M.h edlt. l2mo Lon-

don, 1851 . 32
Griffin (F.W.) A Compemllum onnullhtlvo Anllydl,ftm tho Smplelt to tha molt

Complex Cases, arranged in a Seties of Eight Tables. 4to. London, 1858 . 360

Grove. Correlation des forces Physiqles, par Moigno. 8vo. Paris, xm . . 180

Grouvelle et Jaunex.—Guide du chauffeur ot du pmpnétalre de nnchlnu [ Y npeur

e edit. 8vo.,avec Atlas. 52 planches. Paris, 1869 . . 22
Hancock, T. Persoul narrative of the Origin of the Caoutchouc or lndh Rubber lhnu-
facture in England. 8vo. With engravings. London, 1857 . . 800
Hardwich, T. F'. A manual of Photographic Chemistry. 5th Edit. Inndon, 1860 200
Harmonious Coloring of Photographs. 12mo. London, 1859 . . 7%
Henry, Ossian, Traité pratique d'anal himique des eaux minerales potables et econ-
iquds avec leurs principales applications, etc. = 8vo., avec figures. Paris, 1858 . 27
Heuze, G. M.tidres fertlliun(os, engnll lo\idu,hquide-, mtunbhmlﬂoieh. 3emeo
edit. Paris, 1859 . . . . 20
Hoefer. Dictionnaire de Chlmlo et de Phyllque. 8o edlt Plﬂl, 1857 . 100
Jamin, J. Courd de Physique de 1'Ecole Polytechnique. 8vo. vols 1 et 2, avec ﬂgulu.
Paris, 1
L’onvngo aura 3 vols., le 3eme vol payable A I’ B . . . 810
Jobert de Lamballe. Des ils électriq des poi Chctrlqnn 8vo. ,lm
Atlas de 11 planches in fol. Pll’i!, 1858 . . . 22

Johnson, G. W. The Chemistry of the World ; beinga popuh.r ex| hmtton of the Phe-

nomeana daily occumng in and around our perlon». houses, etc. 12mo. London, 1859 162
Joh The Ch try of Ce Life. New edition. 2 vols. 12mo. London, 1859 38 15
= [Elements of agricultural Chemistry and Geology. 7th edit. 12mo. London, 1856 . 1 80

Kromts, L. F'.  Cours compidt de Météorologie, traduit et annoté par lhrtlnn avec un

appendice par Lalanné. 12mo., avec plauches. Paris, 1858, . 13

Kremtx. A Complete Course of Meteorology. By L. F. Kemts, h-ofeuo: of Hnyuleu at
at the University of Halle. With Notes by Charles Martins, and an Appendix by L. La-
Jane. Translated with Additions,by C. V. w-nm oi. post am., Pp- «m, with

16 plates, cloth boards. 1845 . .32

Knapp, Ronal and Rlch.nhon l‘ istry lnlh Applicati wthe Arh and
Manufactures. Fuel and ils Applications, embracing Coal, ita Structure and Products,
Gas, 0il, Spermaceti, &c., and their Application to K:rponen of Nlumination, Lighthouses,
&e.. Ruin Wax, Tuar ine, Peat, Wood, Stovu, Ronaidsand Richardson

volu 8vn ‘most fully illustrated with 433 enguvhgl and ¢ phm. (Belngthohd

!'dltlon of Vol. 1., in two parts, of Knapp's Technology.) . 9 00

The Authors qub&iﬂwn‘uadrl’rd'muy: “Sorandlm bea-acfmuu and 0
the development bmuchal{al! el,
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ﬂm,:&ﬂmwmua/armla-pmau a New Work than a

mVoI.I. part III. Containing the Alkalies and Earth. Bymchndmnd H. Watts.
Knapp, Ronalds, and Richardson. Vol. II. 8vo. Of Chemistry applied to ths

Arts and Manufuctures, contains Glass, Alum, Potteries, Cement, Gypsum . 4 00

Knapp, Ronalds, and Rlch.ﬂnn Vol. Ill. 8vo. Of Chemist plied to tho
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Milk, S8ugar. Uoth these ill . 500

Bailliere Brothm, 440 Broadway, JV. Y.



Standard Scientific Works. 21

Kurr (J. G.) The Mineral Kingdom. 1 vol., folio, with 22 plates showing colored illus-
e tions of he et lmpon.:fd Minerals and Petrifactions. 'Edinbargh, 180 . . $8 50

The same. French Edition. Paris, 1859 . . . B . . 670
Laboulaye. Essalsur 'Equivalent mecanique de la chalear. 8vo. Paris,1858 . . %
Ladrey. Chimie appliquée & la viticulture. 12mo. Paris, 1867 . . 188
l‘ndrln. Tnlto de l'tdvr. Th‘ork mehllurg'le, travall pntiquu, etc. limo Paris, 113

Du Plomb de son état dnnn Ia utun. 12mo. P;ri-, 1857, . 113
Lardner. Hand-book of Natural Phllolophy. Yol. 4. l-:leetricaty, lhgnetlsm Aconluc.l.

12mo., with woodcuts. London, 1856 136
Larduer (D.) Chemistry for Schools. lﬁno., with 170 ulutntlonu. landon, 1660 100
Latreille. Repertoire générale de Photographle. 12mo. Paris, 1868 . . . 100
Laugel (A.) Etudes Scientifiques. 12mo. Paris, 1859 . . 100
Lebeaud et Julia Fontenelle. Nouv. Man. du distillateur et du llquoruu. I\ouv.

edit. 12mo. Paris, 1856 . . . . . . . 9
Lefort (J.) Traité de Chimie Hydrologique ; 1'analyse chimiq deluux d et des

eaux minerales, etc. 8vo., avec fgures. Paris, 1669 . . . 180
Liebig (J.) . Letters on modern agriculture. Edited by J. Blyth. lﬁmo London, 1859 1 62

Familiar letters on Chemistry. 4th edit. 12mo. London, 1859 . . . 200

Chemistry and Physics, in Relation to Physiology and Pathology. By Baron Jus-
tl.u» heblg, l'rofmr of Chmhtry at tho Unlvenlty of Giewen 2nd edit. Bvo. lnndnn.
847,

. . ]

Lloyd (H.) Elemenury tmthe on tl:e wave theory o! Dght. 2nd edit. 8vo. London, 283
Lonne (E.) 'l‘mto complot de h hbrluﬁon du \? t dn ti sur les al-

calis, etc. 18mo., avec 2 planches. Paris, 1869 . . . . . . 9

Love (G. H.) Desdxverm sist et sutre propriétés de la fonte, du fer et de V'acier
et de I'emploi de ces metaux dans les constructions. 8vo., avec 2 planches. Paris, 1859 2 26

Magny. Meéthode e tive des is déduite de la itd himique des vege-
tuux, de celles delellenntlenmﬁ uaites, etc. 8vo. Anxm, 1869 . . .18

Malaguti. Legons elémentaires delchimie. 2eme edit. Tome ler en 2 parties. l2mo.,

avec figures.  Paris, 1858-69. Puur P'euvrage complét en 2 vols. . 217
Malaguti (F.) Izponl de Chlmlo Ag'rloole, profm en1867 en 1858 et 1869. 8 voll

120, l'ariu. . . . . 160
Malagutl. Petit cours da Chhnle Agﬂeolo l2mo Paris, 1851 . . . 90
Martin (E.) Nouvelle ecole ahctro—chlmique, ou chhnlo des corps lmpondonbles et pon-

derables. Tome ler, en 8vo. Paris, 1858 . . 180

L’ouvrage aurs, 2 vols.

Matteucci (C.) Course d’electro phyhiologi., profou‘ [y I'm\.venlté de Pise en 1850

8vo., avec planches. DParis, 18568 00

Memoires sur les Eaux de Plrll. ler Memoko 1864, Z2eme )lemoire 1858. 2 vol..
4to., avec 12 planches. Paris, 18556-59.
llemolru of the Llunry and Philosophical Society of Manchester.
2nd Series. Vols. 9—13,8vo. with woodcuts and plates. London, 1851—1857. . . 976
Meunier (V.) Easais Scientiiques. Tomesa 1,2,3. 12mo. Paris, 1851-58, chaque vol. 87
Mitchell (J.) Manual of Practi lAm r‘ng intended for the use of Metallurgists, Cap-
tains of Mines, and A in G ith copious Tables, for the purpose of ascer-
taining in Assays of Gold and Silver tho precise amount, in Ounm, ennywefgll:u and
Grains, of noble metal contained in pone ton of Ore from a given quantity. d edit.,

8vo., much enlarged, with 360 illustrations, London, 18564 . . . 800
—— Tmtln on the Adulerations of Food, and the Chemical means ployed to detect
them. Conuining Water, Flour, Bread, Milk, Cream, Beor, Cidar, Wines, Spirituous
Liquors, Coffee, Tea, Chocolate, Sugar, Hou {Ad , Vinegar, Pickles, An-
chovy Sauce lnd l;u!o (thup, Oliu (Sn ) O epper, llullu'd l.mo. lnndon, 180
1848 .
Mohr. Analyse chimiquc [ l'dde des llqueurl ﬂtru, t.ndult de l'nllemnndwi‘orﬂwmme
8vo. Paris, 1858, 180
Moigno, I'abbe. lbnucl de h Sc:eneo Annulln du Co-mu lcr Année en 2 pu'tln.
1imo. Daris, 18569 . 100
Monckhoven (D. V-.n.) Nouveaun pmeade do Photognph!o sur phqnel dc fer ote. 8vo.
Paris, 1858 . . 18
Monkhoven. Rbpertolro GGnOnl de Photognphle pnthuo ot th.oriqno. 1 vol., ot Atlas.
Jeme edit. Paris, 1859 .22

Mortimer. Iyrotechny. 3rd edlt. l2mo London, 1856 . . . . 100
Mulder (G. J.) The Chemistry of Wine. KEdited by H. B. Joves. 12mo. lLondon, 1857 . 1 62
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Muller. Principles of Physics and Meteorology. “v J. Muller, I.D lllultntul with 8§30
woondcuts and 2 colored plates. 8vo. London, 1847 .

Nadault de Buffon. Cours d’agricul ot d’By liq: qrbole. 3 wh. svo.

. 8400

avec figures et planches. Paris, 1859 . . 9 00
Napier. Manual of Electro-Metallurgy. 3rd edit. lzmo figures. IAndon 1857 . . 1%

Noad (H.M.) A manual of Electricity, including Galvanism, lln.gnetlsm lhgneto'ﬂectrl-
my,mc U edit Svo. Tiustrated: 'London, 1856-57, reduced to - .

Normandby (A.) The Chemical Atlas, or Tables ; § nhowlng at a ghm lhe operntlnns of 5

Qualitative An.ly'h etc., oblong folio. London, 1887
The Dictionaries to the Chemical Atlas ; being a dlctiomry of nmple uub-.ancen, ete.,
and a dictionary of Tests and reagents. 12mo. London, 1837 . 2

Northeoto and Church. A Ksnual or Chemlul Amlyuia (Qunlitstive) 12mo. !pndon,

Odl.rt. Ampélogn\phw unlrcrselle, ou ‘l‘nitedu eep-gel lu plus utnmu dans tmu los

00

Tubleaux d'Analyse chimique. 4to., avec figures. P.rlu,1868 . B . 563
203

vignobles de queique renom. d4eme edit. Paris, 1859 . . . . 180

Orfila (L.) Legons de Toxicologie. 8vo. Paris, 1858. .

Orrs Circle of !cleneel- Vol. 7. Practical Chemistry : Includlng the theory and
of e ition ; otngnphie Art ; the Chemutry food,mc. 8vo.

%

« filustrated. bundon, 1856 . . . . 150

Otte. Landscape Photography. New edlt. 12mo. lnndon, 1860 L . .

Otto (J.) Manual of the Detection of Poisons by Medico Chemical Analysis. By J. Olto,
Profewor of Chemistry in Brunswick, Germany. Fdited with Notes by W. Elderhorst.

k(]

With illustrations. 12mo. New York, 1867 B . . . . . 17
Parkinson (8.) A treatise on Optics. 12mo., illustrated. London, 1859 . . 8 00

Payen. Precis de Chimie Indunlrielle, nouv. edit 'l'nmo ler et Atlas en 8vo. PtrL-, 1860

pour V'ouvrage complet en 2 vols. . . . 563

Payen SA.) Traité complet de la distillation dcn lz:incir;lel lubatanm qui peuvent fournir
ri

‘alcool. 8vo., avec figures et planches. ] . 1 80

Peclet (E.) Traité de la chaleur considerée dans ses applications. 3¢me edlt. Tomes 1 et

2 e.. 8vo., avec figures. Paris, 1869. ’our Pouvrage complet en 3 vols. . . 960

Pclouze, Traite de I'Eclairage au Gaz tire de la houille, des bltumen, des hg'mtoa, de Ia

toucbe, cte.  8vo., et Atlas de 28 planches. Paris . . 360
Fabrication du Coke et du Charbon de Tourbe. 8vo.,avec ‘ plnnche:. Paril . 100

Pelouze ct Fremy. Traite de Chimie generale, comprenant les applications de cette
! Science a I'Aonlyse Ch:mngue, a I'Industrie, a I'Agricuiture et a 1’Histuire Naturelle. 2eme
Edition, 6 vols. et Atlas

¢ planches in 8vo. Paris, 1854-57 . . . 10 80

Pelouxc ¢t Fremy. Abrege de Chimie. 4e Edition. 18mo., fllustrated. Paris, 1850 1386

Phillips. Principles of Agncultum, especu.lly 'l'roplcal aud of Orgtmc Chemhlry 8vo.

London, 1859 . . 200
Philosophy in sport mndo Sclenec in enrne-t.. sm Fxlition. x/:ndon, 1857 . 260
Photographic Art Annual for 1859, Folio. London, 1859 . . . . 563

Photograph, How to color a. 12mo. London, 1859 . . . . . 3

Photography, A catechism of. 12mo. London, 1859 . . . . . 3%
phic News; a weekly record of the pmgreal of Photognphy. Edited by W.

Croukes. Vol. 1. 4to. London, 1859 . . 22
Pl.erro J.) Chimie agricale; ou I'Agriculture eonsideroo dlul ses rapports pnnclpnux

il himie. 2e Edition. 12mo. Paris, 1858 po 100

Ple-o (G+. W.) Chymical, Natural, and Physical Mng\c 1 2mo. london, 1859 . . 100
Plesse (8.) The art of Perfumery, and the method of obtaining odors of plants ; with in-
structions for the Mauufucture of perfumes for the Handkerchief, Dentifrices, l’omtum*,

. ete. 2nd Edition. 12mo. London, 1857 . . . . . . .22
Pitt. How to brew good Beer. 12mo. London, 1859 . . 12
Poggliale (A. B.) Traite d'analyse chimique par la moathode deq volumea eompremnt

1'unalyse des ¥u ot des mehux, la ch\urumetne, l’llulimetne, el.c 8\-0 .y avec lal fig-
ures. Paris . . 200
Preaumont (F. de) )lnnuel pnuque a eud par h voie nche, a l’usage des euayeuns.
12mo., avec une planche. Paris, 18 %
Pl'ondoﬂlle. Photographic Fac- smules of Anﬁque Gems formerly poumed by the llte
Prince Poniatowsky. 1st Series. 4to. London, 1858 . 5670
Price (Lake.) A Manual of Photographic Manipulation, tmlmg of the pncllce of tho
Art and its various applications to Nature. 12mo. london, 18568 .
Bedwootl’- Grsy'- !upplement to the Plurmmpoeh. 3rd Edltion. 8vo. Lon~ 000

don, 1866
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Regn.ul( M. H.) Cours elementaire de Chimie, a 1’'usage des facultes, etc. 6emo Edit.

23

‘Tomes 1,2,8. 12mo. Paris, 1868. Pour l’ouvnge oompletculvoln. . 84 50
B&gllllll(. An Elementary Treatise on Ornullogn , llustrated with 108 wood en-

gravings, printed on black ground 8vo. ndon, 1 . . B . . ()
Reld. Rudiments of Chemistry, with Illustrations of the Chemist 4 of Daily Life, by D. B.

Reid, M.D)., Lecturer on Cbemmry, formerly one of Her Majesty’s Comminsioners for the

Health of T wns in England. 4th Edition, with 130 woodcuts. 12mo. 1850 62
Rhamn (W. L.) The Dictionary of the Farm ; revised and edited by H. Rnyubord New

Edition. 12mo. London,1858 . . 18
Rllf-ud. Nouveau manuel du teinturier. Nouv. Ednt. l).mo uecb plwchel. P.rh, %

889 . . . . . . .
Rivot. Princi du trait t des minerai Heulhquea. Tolno ler. liehl

lurgie du cuivre. &vo., IVG!:‘ planches. Paris, 18569 . . . . 22
Robiquet. Manuel thearique etp ", de Phot phie sur collodeon et sur albumi

13m. Paris, 1859 . . . .12
Rogers (S. B.) An Elemenhry 'l'reatise on Iron Mehlluw nptotho Manufnclure of

1 uddled Bars, &c., vnlh Apaiytical leles of Iron- mnkmg nsl.l Svo , with 20 4to.

Plates. 1857, . . . 600
Rogers. Facts and falhc&es of the uwen\go of lnndon and other hrgo wm, vm.h phm,

elevations and sections. 8vo., with 8 plates. London, 1867 . 100
Rohart (F.) Guidedels f.bnution economlque den engrais au moyen de tous len ah—

ments qui peuvent 8tre g s en Agriculture. 8vo. Paris, 1858 . 1 80

(ll.)) Traité complet de chimie mlyuque. Tome ler. Analyse Qualitative. 8vo.
Paris, 1859. . . . . o . . . . . - 27
L'ouvrage aura 2 vols.

Salvetat (A.) Legonsde ceramique profesées & l'ecole centrale des arts et manufac-

tures. ou Technologie ceramique. 2 vols. 12ino. Paris, 1857 . . . . 324
Salvetat. Histoire et fabrieation de la Porcelaine chinoise, traduit du chinois par 8.

Jullien.  Augmente d’nn mémoire sur la porcelaine du Japon traduit du Jspon PAr J.

Holfman. 8vo., avec 14 planches. Paris, 1856 . . . 3
Scoffern. Chemustry of Inorganic Bodies. 12mo., illustrated, London, 1858 . . 100
Scoffern, Truran and others. The useful metnls and their alloys lncludmg lron,

Copper, Tin, Lead, Zine, Antimony, etc. 8vo., illustrated. London, 1857 . 200
Scoresby (s WV.) Journal of a Voyuge to Auntrnlil and round the world for mlgnctlcal ro-

seaich. 8vo. London, 1859 . 3%
Sherratt. A popuhr u-entlu on the origln nl(ure lnd propertiu of l.ight 12mo l.ondon, 0

1859 .
Sicard (A.) Mnnogmphle de h ane & sucre de I. Gﬂnp,dite Sorgho l sucre. hmo

edit. augmentée. Tome ler. 8vo. Marseille, 18568 . . . 13

L’ouvrage aura 2 vols.

Simon (J. F.) Animal Chemistry, translated by Geo. E. Day. 2 vols. 8vo. London, . 42
Solly (E.) Introduction to Rural Chemistry. 3rd edit. 12mo. London, 1850 . . 180

Somerville (M.) On the eonnection of the P'hymul “clenees 90.h edit., completely ro-

vi~ed. London, 1859 . 243

Soubeiran. Traité ce Plnrnucno theorique et pmﬂque bemo edit. 2 vols. 8vo avec

figures. Paris, 1837 . 383

Sparling and Martin. Photogn hic Art its theory and pnctioo. Revlled und
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