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PREFACE.

The subject of Coke Manufacture is of rapidly in

creasing interest and significance, embracing as it

does the recovery of valuable bye-products in which

scientific control is of the first importance. It has

been the aim of the authors, in compiling this book ,

to produce one which shall be of use and benefit to

those who are associated with , or interested in , the

modern developments of the industry .

Whilst the book embodies, with some amplifica

tions, a series of lectures delivered by J. E . Christopher,

at the Wigan Technical College, to a class of men

engaged on coke ovens, the authors entertain the hope

thatthe work will be appreciated by students generally,

and by many who are engaged in coke manufacture,

or who contemplate the laying down of bye-product

plant. Every endeavour has been made to present

the facts as completely up to date as possible ; and if

excuse be necessary for the production of such a book ,

it is that in proportion to the importance of the sub

ject the literature relating thereto is very scanty , and

the authors feel that they are not adding to an already

overburdened subject.

The authors beg to acknowledge their obligation

to Messrs W . H . Hewlett and T . M . Percy, of

the Wigan Coal and Iron Co., for permission to use

various information , and for opportunities of acquiring

the same; also for the illustrations showing portions

302102



PREFACE.

of the Company's Senet -Solvay coke plant. They

are also indebted to Mr R . Forbes Carpenter, Chief

Inspector of Alkali Works, and to MrHerbert Porter,

late District Inspector, for sundry valuable suggestions,

and have had the advantage of access to the important

conclusions contained in the Chief Inspector's Annual

Reports, published under the Alkali Act.

They have further gratefully to acknowledge the

kindness of the various firms whose ovens and ap

pliances are described , in granting them the loan of

blocks, drawings, and photographs used in illustrating

the book , and to Messrs Philip Harris & Co ., Birming

ham , for blocks connected with scientific apparatus.

T . H . B .

J. E . C .
WIGAN, October 1909.
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COKE MANUFACTURE.

CHAPTER I.

INTRODUCTORY.

Brief Summary of the History of Iron Manufacture

and Allied Industries.

IRON was extracted so far back as 4000 B .C ., but only in very

small quantities, and in very crude condition. Up to 1619

iron was extracted in small blast furnaces with charcoal. The

development of the blast furnace really commenced in 1619,

when Dudley introduced coke as fuel. Owing to the ignorance

of the correct methods of using coke this development was slow .

The invention of the steam engine about 1781, and the intro

duction of the puddling process by Cort in 1784, hastened this

development.

The next stage was the introduction of hot blast, in 1828 ,

by Neilson. Huntsman 's improvement in the manufacture of

crucible steel in 1840, followed by Sir Henry Bessemer's great

process of steel manufacture in 1855 , and the open -hearth pro

cess of Sir W . Siemens in 1861, all served to hasten the march

of progress. Within recent years the Siemens process has im

proved at a marvellous rate, and the output of iron from the

blast furnaces has increased accordingly. Consequently a

greater demand for coke has arisen . Coke up to recent years

was made in beehive coke ovens, but keen competition has

drawn the attention of experts to the enormous waste which

occurred in the use of these ovens, and attempts to recover the

valuable bye-products have been eminently successful. In 1869

A



COKE MANUFACTURE.

the first battery of bye-product coke ovens was put down in

England by Messrs Simon Carves ; following this the first

battery of Semet-Solvay ovens was laid down in 1886 . Otto

Hilgenstock ovens were laid down a few years afterwards.

There are now several types of coke ovens, differing very

slightly from each other, all aiming at the extraction of

ammonia and tar, and producing coke equal in every respect

to beehive coke.

The question of bye-product extraction is an important one,

and is not confined to coke ovens. Gas works, introduced

about 1810, have been regular manufacturers of sulphate and

chloride of ammonia , and coal-tar. Various blast furnaces,

using coal as fuel, have large plants for the same purpose, and

quite recently large producer gas plants have been put down

with bye-product recovery plant.

Iron extracted from ores by means of

charcoal until - - - -

Coke introduced - -

Steam engines introduced

Puddling process introduced

Hot blast introduced - -

Gas engines invented - -

Bessemer process introduced

Open -hearth process introduced .

Coal-tar dyes invented - - -

Bye-product coke ovens introduced

A . D .

1619

1619

1780

1784

1828

1851

1855

1861

1863

1869

The following diagram (A ) is given to show the enormous

increase in the world 's output of pig -iron since 1850. At that

time the total output of pig -iron for the year was under

44 millions. In 1906 the output was practically 60 million

tons. Of this quantity the

United States produced 25 millions.

Germany „ 12 »

Great Britain , 10 ,

The rapid development of bye-product coke ovens during

the last few years is also shown by the following diagram (B ).



INTRODUCTORY.

VEAR

TONS GO 1850 1870 1850 irgo 1900

PIG IRON

(Millons)

WORLD 'SWORLD'S ANNO
ANNUAL PRODUCTION OF PIG IRON .

(A )

YEAR

1901 02 03 of os ob 07
TONS

OF

COKECOME

(MILLIONS)

ANNUAL COKE PRODUCTION FROM BYE PRODUCT OVENS.

KINGDOM ONLY )( UNITED

( B )

OUTPUT OF COKE FROM BYE-PRODUCT RECOVERY OVENS.

The output has thus risen from 857,850 tons in 1901 to

3,057,390 tons in 1906 . The output of coke from beehive

ovens is, however, very much in advance of the above. In

1906 the output from beehive ovens was about 16 million tons.

This represents a loss of about 220,000 tons of sulphate of

ammonia , and nearly a million tons of tar.



CHAPTER II.

GENERAL CLASSIFICATION OF FUELS.

PRACTICALLY all the operations in the manufacture of iron and

steel are dependentupon heat in some form or other. Generally

speaking, anything that can be practically employed for the

generation of heat may be classed as fuel.

Fuels may be divided into three great classes

Solid .

Liquid .

Gaseous.

The solid fuels may be subdivided into two classes

Organic .

Inorganic.

Dealing with the first classification solid fuels are most

largely used in iron and steel manufacture . They include

Wood — Charcoal.

Coal — Coke.

The liquid fuels — crude petroleum , tar — are not yet exten

sively used in iron and steel manufacture. Still, in certain

districts in Russia and America , where the oil supply is plenti

ful and coal comparatively scarce, naturally they are made use

of. They have many advantages. Chemically speaking, oils

are hydrocarbon compounds ; petroleum contains from 80 to 85

per cent. of carbon combined with 10 to 15 per cent.of hydrogen ,

and small quantities of oxygen and nitrogen . Most oils, and

especially petroleums,have a greater heating value and evapora

tive effect than anthracite. From the fact of their being fluid

they can be burnt in the form of spray by forcing through an

“ atomiser,” consequently they can be entirely consumed. At
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the same time if care is not exercised it is possible to have

much waste going on . Since oils generally contain practically

no mineral matter they produce no ash and consequently no

clinker ; there often is , however, a sticky deposit in the flues.

Usually there is little, if any, sulphur present, and therefore no

corrosive sulphur dioxide is produced during combustion . As

a rule the burners are so devised that they may be readily

changed if desired and solid fuel used. Liquid fuel has the

advantage also that its combustion may be easily and quickly

started and as readily stopped, as circumstances require ,without

loss of fuel. The supply of a liquid combustible is evidently

much more under control than that of a solid . In many cases a

combination of a solid and liquid fuel is advantageous. An

inferior solid fuelmay be used which probably would be unfit for

use alone. A combined fuel is successfully used in this country

in locomotive firing. The tar, which is one of the bye-products

in coking and in gas works practice, may be used as a fuel,

especially if mixed off with coalor coke. Themodern tendency,

however, is to distil the tar first, and recover its many valuable

constituents such as benzene, naphtha, carbolic acid , naphtha

lene, creosote , and also the tar colours discovered by Perkin .

The residue consists of pitch which is usually mixed off with

coal, coke, or fine slack in the form of briquettes.

Numerous patents have been taken out dealing with differ

ent methods of using tar as a fuel. Broadly speaking, the

method is to either allow the tar to' drip on to the solid fuel,

or to feed it in the form of spray or fine jets into the com

bustion chamber in which solid fuel is being burnt. Arrange

ments are usually made whereby the tar is heated and made as

fluid as possible before burning. It is said to produce no smoke

when properly dealt with , and the heating power is about one

and a half times that of coke.

Gaseous fuel, chiefly as producer gas, is very largely used in

steel manufacture. It is made in gas “ producers ” though

natural gas is available in some districts. The latter consists

mainly of marsh gas or methane, together with some hydrogen ,

small amounts of other hydrocarbons, and sometimes nitrogen .

Producer gas is made by passing air or a mixture of air and

steam through red -hot coke. There are several types of pro

ducers, but it is scarcely necessary at present to do more than
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give a few analyses of the gas from some well -known ones, as

follows:

SIEMENS. WILSON

4 . 8

23: 2

Carbon dioxide, -

Carbon monoxide, -

Marsh gas, - -

Hydrogen , - -

- -

- 5 :2

- 24:4

- 2 :4

- 86

- 59: 4

MORGAN ,

50

24 0

30

11'0

57.0

1 . 2

14 :8

Nitrogen , 56 : 1

Blast-furnace gas and coke-oven gas are now being used

much more than formerly as agents of propulsion of gas

engines. The great drawback has been the separation of the

finely divided particles of dust with which the former is always

associated to a greater or less extent. The composition of blast

furnace gas varies somewhat with the materials being smelted

in the furnace, also whether coal or coke is used. An average

composition from a coke- fed furnace is about:

Carbon dioxide, -

Carbon monoxide, -

Hydrogen , - -

Nitrogen , - -

-

-

-

-

-

-

-

-

-

-

-

-

3 to 8 per cent.

25 to 33

3 to 70 ,

57 to 65 ,,

The nature and amount of dust in blast-furnace gas also

varies with the kind of ore used and other factors.

Coke-oven gases are rich in methane or marsh gas and in

hydrogen. They are used in the first place for producing the

heat necessary for coking the charge in the ovens. They are

also available for combustion under boilers for steam genera

tion , for lighting purposes, and for use in gas engines. An

average composition of gas from ovens of the Semet -Solvay

type is as follows:

-

- - -

Carbon dioxide, -

Olefines and Benzenes,

Carbon monoxide, -

Hydrogen,

Marsh gas, -

Nitrogen, - -

Oxygen, - -

1 per cent.

2 to 3 ,

1 22

45 to 50

35 ,

4 to 8

•5 is

The calorific value of such coke-oven gas averages 500 B .T. U .

per cubic foot.
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Organic Fuels are fuels derived directly or indirectly from

substances of organic or vegetable origin .

Inorganic Fuels are of mineral and not of vegetable origin .

The chief inorganic fuels are :

Sulphur.

Silicon .

Phosphorus.

Aluminium .

Sulphur acts as a fuel in the calcination of ores containing

sulphur (usually in the form of iron pyrites). In some cases

there is sufficient sulphur in the ore to give quite enough heat

to complete the calcination without addition of coal.

Silicon. — The action of silicon as a fuel is a very important

one. The success of the Bessemer acid process of steel manu

facture is entirely dependent on the heat caused by the rapid

oxidation of silicon . In this process some 15 tons of molten

metal containing 2 per cent. silicon is run into a “ converter.”

Air is blown through the molten metal to oxidise the silicon

and other impurities. The silicon becomes oxidised to silica,

and combining with other oxides passes into the slag in the

form of silicates. No external heat is applied , and yet after

twenty minutes' blowing the temperature is much higher. The

heat caused by this oxidation is equivalent to that given off by

8 cwt. of coal, burning away completely in twenty minutes.

Phosphorus acts in a similar manner in the basic Bessemer

process. Pig - iron for this process should contain from 2 to 3

per cent. of phosphorus. The phosphorus becomes oxidised, and

is taken up by limeand other basic materials present forming

slag.

Aluminium is now actually used as a fuel for special

purposes. The heat which can be generated is quite equal

to that produced in electric furnaces. Aluminium has a very

strong affinity for oxygen , and if brought into contact with

metallic oxides takes up their oxygen , leaving the metal in

an almost pure state. If oxide of iron be used,the iron produced



COKE MANUFACTURE.

reaches such a temperature that, if poured into blow -holes in

castings, & c., it actually fuses the surface of the casting,

becoming practically welded to it. For this purpose the

aluminium must be in a fine, granular state of division , and

must be mixed in definite proportion to the oxide, according

to the formulæ :

3Fe0 + 2 Al= 3Fe + A1,03,

Fe,0 , + 2Al = 2Fe + A1,03,

3Fe304 + 8Al = 9Fe + 4 A1,Oz.

This mixture is placed in crucible, covered with a small

proportion of a priming mixture of aluminium and barium

peroxide in the following proportion :

3BaO, +4A1 = 3Ba + 2A1,0g.

This priming mixture, on being ignited by means of mag

nesium ribbon , brings about a local heat sufficient to start the

main reaction. Other metals having very high melting points,

and whose oxides are very refractory,may be reduced by the

above process , such as chromium , tungsten , manganese, & c.

Organic Fuels :

Wood - Charcoal.

Peat.

Lignite.

Bituminous coals

Coal gas.

Producer gas.

( Coke, & c.

Anthracite.

Approximate composition of above:

Carbon . Hydrogen. Oxygen . Nitrogen.

Wood - - - - 50 6 42 1

Peat - - - - 606 30 1 .2

Lignite - - - - 70 6 20 1. 2

Cannel - - - - 84 5 8 8 1. 2

Bituminous coal 1 : 2

Anthracite - 3 5 12

10eroo8

Wood is not used to any great extent as fuel in iron and

steel manufacture. It contains, even when well seasoned , a
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large proportion of moisture (18 to 20 per cent.),which reduces

the heat effect very largely .

Charcoal. — When wood is converted to charcoal, the mois

ture and other volatile substances are expelled, leaving a

material consisting practically of carbon only . Charcoal bears

the same relation to wood as coke does to coal.

Peat.— This is not used as a fuel in iron and steelmanu

facture. It is practically an accumulation of vegetable matter,

varying in composition according to the age and depth of

deposit. One great objection to its use is the high percentage

of ash and its power of retaining moisture.

Lignite , or brown coal, though used on the Continent, is

rarely used in this country. It may be looked upon as a link

between peat and the bituminous coals. It is usually contami

nated with earthy matter.

Bituminous Coals are black in colour , and vary slightly

in composition and physical properties. They may be divided

into two great classes :

1. Caking.

2. Non -caking.

All coals, caking or non - caking, consist of:

Fixed carbon - Coke .

Marsh gas, carburetted hydrogens,
Volatile matter i hydrogen , tar, & c .

( Incombustiblematter,silica,oxide
Ash - - - 1 of iron , & c.

On subjecting coals to heat (out of contact with air ), the

volatile matter is expelled as coal gas, leaving the fixed carbon

in the form of coke. This coke retains the earthy or mineral

matter of the coal. If the coke be burnt with a full supply of

air, it is converted to carbon dioxide, and the mineral matter

is left in the form of ash .

Impurities in coals :

Ash .

Sulphur .
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Silica -

Ash :

ANALYSIS OF COAL ASH .

- - 30 to 60 per cent.

Alumina and Oxide of iron - - 35 to 55

Lime - - . 5 to 10

Magnesia - - traces to 2

Sulphuric acid - . . 3 to 8

Phosphoric acid - «5 to 1:5

Potash and Soda 2 to 4 ,

From the above it will be seen that the ash is composed

chiefly of silica and oxide of iron . In blast furnaces this silica

would have to be fluxed away with limestone, thus increasing

the working charges of the furnace. The colour of the ash is

a very reliable indicator of the amount of oxide of iron in the

ash , oxide of iron having a reddish-brown colour. On burning

a coal, any pyrites or sulphide of iron becomes converted into

oxide, so a reddish -brown ash is also an indicator of sulphur in

the coal.

Sulphur. — The sulphur, which is a very objectionable con

stituent in fuels generally , exists in coal in four conditions :

1. As iron pyrites (coal brasses ) (iron bisulphide).

2. As sulphate of lime, and sometimes as sulphate of alumina.

3. In an organic form , combined with carbon and hydrogen .

4 . In rare instances as free sulphur.

Of these, that which occurs in the form of pyrites is themost

injurious, because, on combustion of the fuel, its sulphurbecomes

oxidised to sulphur dioxide,which in presence ofmoisture becomes

sulphurous acid , and eventually, by further oxidation , sulphuric

acid . This has an intensely corrosive effect on any iron or steel

with which it may come in contact, especially the cooled surfaces

of economiser tubes,or any other parts on which moisture can con

dense, thus absorbing more readily the acid fumes. The sulphur

in the form of sulphate is not injurious at all, except that it

adds to the mineral constituents or ash of the coal. Iron pyrites

in coal is also objectionable in this manner. On burning the

coal, the oxide of iron formed becomes reduced to ferrous oxide,

and then combines with the silica and alumina of the ash , form

ing a fusible mass known as “ clinker.” This substance is very
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objectionable , not only because it is waste material, but because

it clogs up the fire-bars, preventing a free passage of the air

required for combustion, and carries away with it unconsumed

carbon in the form of cinders.

Coke is made by carbonising coal in suitable ovens, where it

is heated out of contact with air , or with the admission of as

little air as possible. The old type of beehive oven is being

rapidly displaced by more modern forms, such as the Simon

Carves, Semet-Solvay, & c., the principles of which are explained

fully in describing these various ovens. They differ materially

in many ways from the beehive form , the coal being coked in

chambers by hot gases which circulate outside them , the gases

being produced from the coal itself.

The object of coking is to drive off volatile matter ,which

increases the percentage of fixed carbon in the residue, also

because slack can be used which in many cases would be quite

useless for metallurgical and foundry work without carbonising.

A portion of the sulphur existing as pyrites in the coal is got

rid of during coking, as well as a portion of that existing in the

organic form . Some also is expelled during quenching, owing

to the action of the hot sulphides on steam , producing sulphur

etted hydrogen.

Coke is better in some respects than coal for steam raising

purposes, given a good draught of air. It is not liable to

spontaneous combustion, and requires more heat to set it alight.

The yield of coke from any particular slack as obtained in a

laboratory test is usually somewhat higher than that obtained

by actual results in the ovens. This is partially due to the

unavoidable admission of air with the charge. On the other

hand,this is counterbalanced to some extent by the decomposi

tion of someof the hydrocarbons which are driven off, resulting

in the deposit of solid carbon . This may be often seen in the

form of thread - likemasses in the coke, sometimes also in small

rounded masses of very dense material with a bright metallic

lustre , chiefly composed of carbon, and practically free from ash.

All the mineral matter originally in the coal remains in the

coke, and consequently the percentage in the coke is propor

tionally greater.

There was considerable prejudice for some time against the

use of coke made in a plant from which bye-products were also



12 COKE MANUFACTURE.

recovered , and possibly this was well founded in the early days

of bye-product development. It was generally accepted then

that the simultaneous production of good coke and the recovery

of marketable bye-products was not possible . That prejudice

has, however, been forced to give way to the undoubted fact

that the best coke can be made by modern processes,with the

accompanying benefit of ammonia , tar, and light oils recovery.

Coke contains, in addition to fixed carbon and ash , variable

amounts of oxygen ,hydrogen ,and nitrogen. Most probably the

two former are occluded , but there is always more or less nitro

gen present, however high the temperature employed in car

bonising. In the blast furnace, coke plays a two-fold part ;

firstly, as a source of heat to maintain the temperature necessary

for the various chemical reactions ; and secondly , to act as a

reducing agent by the production of carbonic oxide. In foundry

work, this latter reaction is not requisite in the cupola , in fact

the aim ought to be to burn the coke completely to carbonic

acid ( carbon dioxide), and thus get its full heating effect. Coke

for use in a blast furnace must be hard and dense, so as to be

able to resist the crushing force of the weight of materials in

the furnace. A soft, friable coke leads to the accumulation of

masses in the furnace, which leads to trouble by causing

“ scaffolding ” or “ hanging.” Soft coke also produces more dust,

which passes away with the gases escaping from the furnace,

and dusty gas is one of the problemswhich the modern blast

furnace manager has to cope with in view of the extending use

of waste gas in gas engines. It is well known that some coals

will not coke under any conditions, while others are highly

suitable for coke making. Between the two extremes are many

qualities from which varying grades of coke may be made.

The Coking Power of Coal. — This may be determined by

heating a portion with varying amounts of sand. The more

sand a coal can be mixed with, and still retain its coking power,

the better its coking quality. The number of grams of sand

per gram of coal forms a standard of comparison . At the

bottom of such a scale we should find the non - caking coals, such

as anthracite, while a strong caking coal would give as high a

figure as 14 or 15.

As sulphur is such an objectionable element in any fuel
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which is to be used in a blast furnace producing iron, many

devices have been tried to eliminate as much as possible from

the coke itself. Quenching with various solutions has re

peatedly been tried , but as a rule with very moderate success .

Generally speaking, little can be done in this way, and

especially so when the ash contains much iron, and also lime

and magnesia , since these retain sulphur most strongly . The

most satisfactory method is to clean the coal as far as possible

before coking.



CHAPTER III.

COAL WASHING .

Coal Washing. – Coal, as it comes from the mine, is always

contaminated to a greater or less degree with impurities of

various kinds which , though practically unavoidable, lessen con

siderably the value of the coal for most purposes. Some of

these,such as silicious and calcareous shaley matter,and pyrites,

are actually associated with the coal itself, whilst others get

into the coal from the roof and floor during the operation of

mining. It is obviously of material benefit, both to seller and

consumer, if these foreign substances can be removed in some

way, and the method usually adopted is to treat the coal in

some form of washing apparatus whereby it is rendered more or

less free from the above-mentioned materials. There are several

types of washers in general use, and it will be the purpose of

this chapter to describe a few of the washers used in this

country.

There are many points to be dealt with in considering the

washing of coal, given an effectual type of washer. There is

the cost in the first instance , then the physical nature and con

dition of the coal itself, some coals being much more friable

than others , producing more “ smalls ” in the mining, then the

specific gravity of the coal and impurities, shale, pyrites, & c.

Again there may be several kinds, such as bone coal, cannel, and

shaley coal, in the same seam , and the specific gravity of these

will probably differ appreciably from that of the main bulk .

The great point to be aimed at is, of course , to wash the coal as

completely as possible, removing a maximum amount of im

purity , with a minimum amount of coal passing with the dirt.

The analysis of representative samples of the material before

and after washing will give the percentage elimination of

mineral matter and sulphur. It must be remembered that
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even the cleanest piece of coal which can possibly be selected is

by no means absolutely free from ash, in fact, some coals, picked

as clean as possible, will contain 10 per cent. or more of mineral

matter. Now no amount of washing can possibly remove such

substance because it is ingrained in the substance of the coal

itself, and no doubt got there during the formation of the

seam , ages ago . In fact much of it is due to the ashes of the

plants from which the coal was formed. The amount of coal

passing away with the dirt should be carefully watched , and

this may be readily done by taking the specific gravity of the

coal, and of the dirt separated from it . For the moment assume

that the specific gravity of the coal is 1.25 and that of the shale

2.5 and pyrites 3.5 . It is evident that by making a solution of

Fig . 1. -— The Trough Washer.

calcium chloride (or other suitable substance ) with a specific

gravity of 1:3 to 1:35 we shall have a liquid in which shale and

pyrites will sink and coal will float.

Hence, if a weighed portion of the dirt be taken (500 or

1,000 grams), placed in the above solution , and well stirred up,

the coal which floats can easily be skimmed off,placed in a filter

paper, washed free from calcium chloride, dried and weighed ,

giving the percentage of coal in the dirt by a simple calculation .

There are various types of coal washers, and in all of them

the coal is agitated in a good supply of water, the agitation

being brought about by various means, viz.:

( a ) The flow of the water itself.

(6 ) Travelling belts and scrapers.

(c) Revolving arms.

(d ) Pulsation of the water by pistons or compressed air.
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The simplest and most elementary type of coal washer is

the trough washer (Fig . 1 ). It consists of a trough A varying

in length from 40 to 100 feet, about 3 feet in width and about

15 inches deep. At intervals movable dams B are placed. The

Fig . 2. — The Elliott Washer .

trough is set at an inclination sufficient to cause the necessary

agitation of the coal for the efficient settling of the heavier

shale and pyrites. This dirt is caught by the dams B and at

G

Fig . 3. - The Jig Washer .

intervals is run off from the side of the trough through the

sluice c . The washed coal passes over a screen D , the water

passing through into the channel E .

In the Elliottwasher (Fig. 2 )the principle of trough washing

is taken advantage of, but the trough is mademore efficient by

el E .
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using a scraper chain to agitate the coal more effectively. By

careful regulation of the inclination of the trough and of the

speed of the chain a very effective separation can be brought

about. The main points of this washer can easily be understood

from the sketch on page 16.

Another type of coal washer is the “ Jig ” washer ( Fig. 3 ).

There are various modifications, but the sketch on page 16 will

explain the principle. The “ jig ” is divided into two portions.

In one of these an oscillating piston B moved by an eccentric or

crank arrangement serves to agitate the water, supplied either

by the pipe K or along with the coal. In the other portion is a

grid c supporting a perforated copper screen . The coal is fed

on to this grid and the “ throbbing” action of the water

causes the dirt to settle on this bed . The fine dirt passes

WATEA
T
E

UNWASCO COAL A

CLEAN

COAL

E

Fig . 4. — The Blackett Washer.

through and is collected at intervals by lifting the plug G . The

rough dirt is run off occasionally by raising the sluice F . For

finer slacks a bed of felspar is supported on the grid c .

The dirt being heavier than this felspar, sinks through it. The

washed coal being lighter remains above the felspar and is

washed over a screen d into elevators or trucks, the water pass

ing through the screen being pumped back into the “ jig.” The

length of stroke is adjusted according to the size of coal treated ,

thus 1 inch to 1 } inch nuts require a stroke of about 3 inches,

whilst coal of about 1 inch size would only require a stroke

of about 2 inches. The revolutions of the jig also increase

as the size of coal decreases, the 1 } nuts as above requiring

about 90 revolutions per minute, and the 4 inch coal about 120

revolutions per minute.

The Blackett washer (Fig . 4 ) is a type of washer in which
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the agitation is brought about by means of a revolving barrel,

set at an inclination to suit the size of coal washed, & c. At

the same time a shallow worm attached to the inside of the

barrel gradually forces the heavier “ dirt ” to the upper end of

the barrel,where it is discharged ,whilst the true coal is washed

over the worm and delivered at the lower end on to a drainer.

UNWASHED

COAL

.

WASHED
COAL .
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N
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ܠ

ܠ

W
W
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ܠ

ܠ

ܠ

ܠ
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WASHER

WATER

B4
NWU

DIRT

Fig . 5 . — The Robinson Washer.

The Robinson washer (Fig. 5 ) consists of a funnel-shaped

chamber, the contents of which are kept in motion by means of

revolving arms. The water is pumped in at the bottom of the

cone and flows over the edge of the funnel, carrying thewashed

coalwith it. The dirt settles to the bottom , and is removed by
means of the double -doored arrangement shown in sketch .
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The Baum washer (Fig . 6 ) shown below is a very effective

type. The agitation is brought about by means of compressed

air. The removal of the dirt will be readily understood from

COMPRESSED

AIR

l
i
c
z

:::::::::

WATER .
S .

DIRT
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-
-

-
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Fig . 6 . — The Baum Washer.

the drawing. The use of compressed air makes the pulsation

more elastic. There are fewer working parts, and the wear and

tear is consequently very much reduced.



CHAPTER IV .

SAMPLING AND VALUATION OF COAL - NITROGEN IN COAL.

Sampling and Valuation of Coal, Coke, & c. — In making

a physical or chemical examination of coal or other material, it

is obviously of first importance that a representative sample

of the substance be obtained . It is impossible for one or two

small pieces, say of coal, to represent fairly an average com

position of any particular seam ; they may be either too clean

(which is the more likely ) or too shaley. At the least, several

barrows full of coal should be taken and roughly broken down,

in the first instance, on a clean surface , preferably iron or steel.

The heap should then be well turned over and mixed up , spread

out, and divided crosswise into quadrants. Opposite sections

should then be taken away, thus halving the total sample. The

remainder is crushed smaller, again thoroughly mixed up and

quartered, rejecting half. This is repeated until the sample has

been reduced to a reasonable quantity, say 10 or 12 lbs., which

should then be crushed , if necessary, until all passes through

a sieve of about i& inch mesh. From this a smaller sample is

taken after thorough mixing, crushed somewhat smaller, and

a final sample of 1 or 2 oz. crushed so as to pass an 80 sieve.

It is then ready for analysis, and is a fair average sample of

the material.

Specific Gravity of Coal, Coke, Shales, & c. — The specific

gravity of solids insoluble in water, such as coal, shale , pyrites,

& c., may be readily determined , given a moderately accurate

balance and set of weights. The test may be done on small

lumps or on the powdered material. If lumps are used , then

several determinations are desirable on different pieces, taking

the average result as the true figure. If the powdered substance

is used, only one, or at the most two determinations will be
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needful. In these determinations the principle of Archimedes

is made use of, namely, that when a body is submerged in a

liquid it loses weight equal to the weight of liquid displaced by

it. In an actual determination , if a small lump is being used ,

it is suspended by a loop of horsehair from one end of a balance

and carefully weighed. It is then immersed in water in a

glass vessel, supported on a wooden bridge (Fig. 7 ), and again

weighed .

A considerable decrease in weight will be noticed,due to the

operation of the above-named principle. If W be its weight in

Fig . 7 . — Balance , & c., for Specific Gravity Determination.

air, and w its weight in water, then the specific gravity of the

solid is :

W

W – 20

16 :342 grams.

4 098

Example :

Weight of sample in air - - -

Weight of sample in water - -

Weight of water displaced

16 :342
Specific gravity = 16:9

16 :342 - 4 .098

12.244 grams.

= 1:334.

In the case of a powdered sample, it is, of course, impossible

to use this method, and the use of a specific gravity bottle is

necessary. This is a small bottle (Fig. 8), fitted with an accur
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sommer

ately ground stopper, through which a fine

hole is drilled lengthwise, to enable the bottle

to be completely filled with water or liquid ,

which is not easily done with the usual solid

stopper. It is first carefully filled with distilled

water and the stopper inserted. After carefully

wiping off all superfluous liquid from the out

side, the bottle is weighed. A portion of the

water is then emptied out, and 1 gram of the

powdered coal or other mineral placed carefully

in the bottle, and well shaken to thoroughly

Fig . 8. — Specific wet the material. This is not at all easy in

Gravity Bottle. the case of coal,and great care should be taken

that all air bubbles, which are readily enclosed

by coal dust, are completely got rid of, otherwise the result will

be inaccurate. Finally , fill up with water, replace stopper and

weigh . An example will best illustrate the calculation of the

result :

Weight of specific gravity bottle filled

with water - - - - - 73:498 grams.

Weight of bottle containing water and

1 gram coal - - - - - 73:745 ,

i.e., weight of bottle and water

left in after displacement by the

coal - - - - -

.: Weight of water displaced

= 73.498 – 72:745 or •753 gram .

.:Specific gravity = -7 or 1 328.

72:745 »

The specific gravity of liquids may be obtained

either by use of some form of hydrometer or by

means of the specific gravity bottle . The Twad

dell hydrometer ( Fig. 9) is in common use in this

country. The readings obtained by its use are

readily converted into specific gravity by multi

plying by 5 and adding 1,000 (taking the specific

gravity of water as 1,000). Thus :

If the hydrometer floats at 65°, then taking

specific gravity of water as 1,000, the specific

gravity of sample would be (65 x 5 ) + 1,000, or

Fig . 9 .

Twaddell

Hydrometer.
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1,325 ; or taking specific gravity of water as 1 , the specific

gravity of the sample would be 1. 325.

Conversely , if the specific gravity is given to three decimal

places, neglect the decimal point, subtract 1,000 and divide by

5 . The result will indicate degrees on the Twaddell scale. A

saturated solution of calcium chloride at a temperature of 15°

Cent. contains 40:66 per cent. of the salt, and has a density of

82: 2° Twaddell, which is equal to a specific gravity of 1:411.

If the specific gravity bottle be used , it is first carefully weighed

empty and dry, then filled with distilled water at about 15° Cent.

and weighed again . The water is emptied out and replaced by

the liquid whose specific gravity is required (the temperature

being thesame as that of the water ), carefully filled and weighed .

The results give the relative weights of equal volumes of water

and the liquid to be tested . From this the specific gravity is

readily obtained . Thus :

Weight of bottle filled with water ·

Weight of bottle (empty and dried)

Weight of water - - - -

. .

. .

. ..

45 :438 grams.

20 :652

24:786 grams.

Weight of bottle filled with liquid -

Weight of bottle ( empty and dried )

.

. .

50 -672 grams.

20 -652

Weightof liquid - - - - - 30 ·020 grams.

Hence the specific gravity of the liquid is :

30 020

24.786 or 1 .211.

It is often important to determine the amount of moisture

in coal,as even that which is freshly mined contains appreciable

amounts,usually from 2 to 5 per cent. If themineralhas been

exposed to wet weather, it is very likely to contain more. Some

coals will take up and retain more moisture than others, owing

to their physical condition . To ascertain the amount, a fair

average sample is taken and crushed down to not less than

inch size, a weighed quantity taken ( say 100 or 250 grams), and

dried for three or four hours at a temperature of 100° Cent. in a

water bath , allowed to cool, and the loss ascertained by weighing.

If the sample be reduced to a very fine condition, it is liable
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to lose other constituents than moisture on prolonged heating,

even at 100° Cent. Also pyritesmay becomeoxidised . A safer

plan , and one which is useful as a check , is to expose a weighed

portion under a bell-jar desiccator for at least twelve hours , and

weigh the loss due to moisture, which is taken up by the

sulphuric acid or calcium chloride used in the desiccator. In

this way there is not the samedanger of driving off easily volatile

substances along with the moisture.

Estimation of Ash in Coaland Coke. — The amount of ash

contained in coalor coke may bedetermined by taking a weighed

portion from the finely powdered sample and igniting it care

fully, either over the straight Bunsen flame or preferably in a

gas muffle, cautiously and gradually at first to avoid loss by

decrepitation , increasing the heat until finally a good red heat

is reached, combined with a plentiful air supply . It will be

found that coal burns off more quickly than coke. In the case

of hard burnt coke the ash should be weighed until it ceases to

lose weight.

When a coal is completely burnt off it ceases to glow , but it

is not easy to judge a coke in this way, and especially if the ash

is high , as this protects the small particles of hard coke from

oxidation, so that occasional careful stirring is desirable . Small

porcelain crucible lids, about 14 inches in diameter, are very

suitable for burning off coke or coal. It will be found that if

platinum vessels are used, the metal becomes brittle and cracks

after a time, probably due to prolonged heating in contact with

carbon . After all the carbonaceous matter has been oxidised,

the ash is carefully brushed out of the dishes, when cool, on to

the balance pan and weighed. Thus, if 1 gram of coal gave an

ash weighing •087 gram , percentage of ash in the coal would be

100 x .087, or 8. 7 per cent .

The colour of the ash should be noted. Since all themineral

matter which is in the original coal, with the exception of some

of the sulphur, remains in the coke, it is obvious that the ash in

the coke is higher than that in the coal from which it is made.

For instance, if a coal contains 7 per cent. of ash, and yields

70 per cent. of coke, the ash in the latter will be
be 70 * 1

or 10 per cent.
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Estimation of Volatile Matter. — The volatile matter in

coal is that portion which is driven off or volatilised, when the

fuel is heated out of contact with air. It usually includes some

portion of the sulphur which is present in the coal, and it is

generally taken that about 50 per cent. of the sulphur is thus

driven off. The volatile matter is estimated by heating a

weighed portion in a closed crucible, without admission of air.

One or two gramsmay be taken and gently heated over a Bunsen

flame until smoke ceases to issue from the crucible ; it is then

quickly transferred to a muffle furnace at a good red heat, the

furnace door closed and the heating continued for two and

a half or three minutes, after which the crucible and contents

are removed, placed under a bell- jar desiccator till cool, and

then weighed. The loss represents volatile matter, and the

residue, coke, i.e., fixed carbon plus ash or mineral matter.

Theoretically coke ought not to contain any volatile matter, but

usually a slight amount is present, say from 5 to 8 per cent.

The volatile matter in coals varies with the kind of coal,as may

be seen from analysis (page 151).

Estimation of Sulphur. — The sulphur in coal and coke

may be estimated by

(a ) the Limemethod,or

(6) Eschka's method .

(a ) Weigh off carefully 1 gram of the fuel and 1 gram of

pure lime, on which a blank estimation for sulphur has been

done. Moisten to a fairly stiff paste with distilled water and

mix up intimately with a spatula or glass rod, being careful to

avoid any loss. Dry slowly in a water bath or under a hot

plate, and place in front of the muffle furnace for about half an

hour, giving free access of air. Afterwards heat strongly in the

muffle for a further half hour. By this treatment the sulphur

in the fuel becomes converted into sulphate of lime. After

removal from the furnace and cooling, the mass is transferred

completely to a small beaker, and moistened with distilled

water. Sufficient hydrochloric acid , containing a few drops of

bromine (both free from sulphur), is added to dissolve the

calcium sulphate and excess of lime. The solution is then

boiled and filtered. After washing the filter paper, the
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filtrate is boiled, and while boiling a hot solution of barium

chloride is added cautiously. This reacts with the calcium

sulphate in solution , forming barium sulphate, which is pre

cipitated as a heavy white powder.

It should be allowed to settle completely , which will pro

bably take a few hours, then filtered off through Swedish paper,

taking care that none passes through the pores of the filter.

It is finally washed , dried , ignited, and weighed as barium

sulphate (which contains 13.73 per cent. of sulphur). From this

the percentage of sulphur in the fuel may be readily obtained .

Thus 1 gram of coal yielding a precipitate of barium sulphate

weighing •12 gram would contain :12 x 13.73 grams of sulphur,

equivalent to 1.647 per cent.

(6 ) In Eschka's method 1 gram of the fuel is taken , finely

divided ,and mixed in a shallow dish with about 1 gram of pure

calcined magnesia and about i gram anhydrous sodium car

bonate. The mixture is then covered with a thin layer of

magnesia (about 1 gram ). As in the case of the lime method a

blank determination of the sulphur in the material used must

be made, and the weight of barium sulphate obtained (if any)

deducted from the total weight finally obtained. The dish and

contents are placed in front of the muffle furnace for about

three-quarters of an hour, allowing free access of air, then

finally heated somewhat more strongly for fifteen or twenty

minutes. After removal from the muffle and cooling, the con

tents of the dish are carefully transferred to a beaker and hot

distilled water added, with a few drops of bromine and hydro

chloric acid , boiled and filtered clear of insoluble residue. After

washing , the solution obtained is boiled up and barium chloride

added , as in the lime method , to form a precipitate of barium

sulphate. The subsequent operations are carried out as in

method (a ). In this method the sulphur of the fuel becomes

converted into the sulphates of magnesium and sodium , both

of which are soluble in water. The bromine oxidises any

sulphides thatmay have been formed to sulphates as in (a ).

When coal is heated in a closed oven or retort, as in the

various methods of coking, it is said to be subjected to destruc

tive distillation . It is broken up into a number of products ,

solid , liquid ,and gaseous, the proportion of which largely depends

upon the temperature employed and the nature ofthe particular
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coal which is being carbonised. If the temperature is high the

products are mainly gaseous. On the other hand, if the tem

perature is low , heavy tarry liquids are formed, which retain

various solid substances either in solution or suspension . Under

normalconditions of coking the volatile hydrocarbons are almost

completely expelled. A well-burnt coke ought not to contain

more than 1 per cent. of volatile matter. Along with the vola

tile substances are other gaseous products, such as cyanogen ,

ammonia, carbon dioxide, sulphuretted hydrogen, and free

nitrogen.

All coals contain more or less nitrogen, varying from 1 to

2:5 per cent. On heating, a portion of this nitrogen is driven

off in the free condition, while some is retained by the coke.

Some of the liberated nitrogen combines with the hydrogen

to form ammonia, which constitutes a valuable bye-product

eventually. Another portion continues, with carbon , to form

cyanogen compounds, and some of the nitrogen remains in the

free condition , going into the gases as such . It has been esti

mated that only about 12 to 14 per cent. of the nitrogen

originally present in the coal goes to form ammonia.

The amounts of ammonia and cyanogen formed in coking

depend on several conditions, one of which is the physical

condition of the coal— that is , with regard to lumps and small.

If small and compact, the mass takes longer to heat up, and

consequently the products are different than when the mass is

heated up more quickly. Then , again , the air spaces in a mass

of coarse material have an important bearing on the composition

of the gaseous products. The dampness or dryness of the coal

is important. In the former case there is usually more ammonia

and tar, also sulphuretted hydrogen and carbon dioxide. If the

temperature of coking is high, it results in the formation ofmore

cyanogen compounds.

The question of temperature with regard to ammonia yield

is undoubtedly most important, because if too high a tempera

ture is being employed the ammonia becomes decomposed again

into nitrogen and hydrogen. It is estimated that at about

800° Cent.the maximum amount of ammonia is obtained. Conse

quently it follows that the longer the contact of the gases with

the heated retort surfaces the more likelihood of a low yield of

ammonia, especially so if high temperatures are used for carbon
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ising. The composition of the ash of the coal, no doubt, has an

effect also on the ammonia yield .

MʻLeod , in a paper read before the Society of Chemical

Industry in 1907, from a consideration of many analyses, allots

the distribution of the nitrogen as follows:

Nitrogen in the coke - - -

„ tar - - -

ammonia liquor

, as cyanogen - - -

, in the gas - - -

58:3 per cent.

3 .9 ,

17 :1 ,

12 . ,,

19:5

The cyanogen compounds are in many cases, in modern

coking and gas works practice , largely recovered in some form

or other, such as sodium cyanide, Prussian blue, sodium ferro

cyanide, & c. In these formsthey constitute saleable bye-products,

at the same time minimising the danger to workmen which

arises from the presence of hydrocyanic acid in waste and other

gases.

The waste gases coming from the saturators of a sulphate

plant often contain as much as 2 per cent. by volume of hydro

cyanic acid , and about the same quantity of sulphuretted

hydrogen . The latter may be conveniently and easily dealt

with in a Claus plant for the recovery of sulphur in the solid

form ; at the same time a portion of the cyanogen becomes

converted into ammonia . The Claus plant is more fully

described later (page 115 ).

The Estimation of Nitrogen in Coal and Coke. — The

method most suitable is that known as the Kjeldahl process,

which consists in heating the finely divided material with con

centrated sulphuric acid in presence ofmanganese dioxide. The

effect is to destroy all the carbonaceous and organic matter, and

at the same time to convert the whole of the nitrogen into

ammonium sulphate. On then adding a moderate excess of

sodium hydrate solution and distilling into a standard solution

of sulphuric acid , the amount of ammonia liberated is calculated

from the quantity of sulphuric acid neutralised.

As to quantities, 1 gram of coal is a suitable amount to

use. Heat with 25 to 30 cubic centimetres of strong sulphuric

acid for half an hour. Then add 5 grams of manganese dioxide
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and allow to boil forty -five minutes, and a further 5 grams,

heating finally for another forty- five minutes.

Allow the mass to cool, and very carefully add a little water.

Rinse the whole out into a copper flask (glass vessels are useless ),

adding a solution of sodium hydrate containing about 25

grams of the solid . Distil into a solution of normal sulphuric

acid ; about 15 c.c. diluted is usually sufficient. Each 1 c.c. of

acid neutralised represents .014 gram of nitrogen . It is advis

able to make a blank determination on the materials used.



CHAPTER V .

CALORIFIC POWER OF COAL AND COKE.

Calorific Power. — The calorific power or heating value of a

fuel, and hence its evaporative power, can be determined by

several methods, in broad principles

the same, namely, the combustion

of the fuel in oxygen ( supplied either

in the solid or gaseous form ), and

the measurement of the heat thus

produced. It is possible, also, to

calculate, from an elementary an

alysis of the fuel, the calorific

power. The results, however, do

not agree very closely with those

found in a practical test.

In the Lewis Thompson calori

meter ( Fig. 10 ) a weighed portion

of fuel is taken and mixed with a

suitable proportion of a mixture of

potassium chlorate and potassium

nitrate (3 parts chlorate to 1 of

nitrate), this supplying the oxygen

necessary for the combustion of the

fuel. After thoroughly mixing, the

mass is transferred to the small

copper cylinder A and a fuse in

serted. ( The fuse is made from

cotton wick strands, soaked in

potassium nitrate solution and

B dried .) The copper cylinder fits on

Fig . 10. a base B , on which three spring

Lewis Thompson Calorimeter. clips are fixed . Over all a copper
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cylinder c is secured by these clips, and a tube D with a tap

attached forms the outlet. The whole apparatus is contained

in a glass cylinder E .

In making a test a known quantity of water, usually 29,010

grains, is taken ,and the temperature carefully noted by a thermo

meter graduated in tenths of a degree Fahrenheit. Thirty grains

of the fuelmixed with ten to twelve times its weight of the oxidis

ingmixture are placed in the smaller cylinder, which is fixed in

position . The fuse is inserted , lighted, and the outer cylinder

immediately placed in position and secured by the clips. The

whole apparatus is immersed in the water before ignition takes

place , the tap being of course closed. The products of com

bustion pass through the small holes at the bottom of the

cylinder, and give up their heat to the water. When all

evidence of action ceases, the tap is opened and water allowed

to enter the copper vessel, taking up the heat from the inside

portions of the apparatus. The whole is shaken up thoroughly ,

and the temperature of the water again carefully noted. The

apparatus itself takes up a certain amount ofheat, in proportion

to its specific heat, and usually a correction of 10 per cent. is

made for this.

Example:

Weight of fuel taken

Weight of water taken -

Temperature before ignition

Temperature after ignition

Rise in temperature

-

. .

. .

30 grains.

29,010 ,

60 -5° Fahr.

73:8°

13 :3° ,

Then :

30 grains fuel have increased temp. of 29,010 grains water 13:3° Fahr.

1 „ „ will increase , 293010 3 3 133

1 lb . ,
- 967 lbs. , 13:3° ,

i.e., 1 lb . fuel in burning gives off 967 13:3 British Thermal Units

= 12861•1 B . T . U .

Allowing 10 per cent. for loss, we get a calorific power of

12 ,861 + 1,286 or 14,147 B . T . U .

The figure 29,010 is used as being 967 times the weightof fuel.

By looking at above calculation, it will be seen that the calorific

power is 967 x rise in temperature. As it requires 967 heat

units to convert 1 lb . water at 212° Fahr. to steam , the number
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of lbs. of water evaporated (or converted into steam ) will be

967 x rise in temperature
te or the rise in temperature + 10 per

967

cent. will give at once the evaporative power of the fuel. Thus

in above case the evaporative power is 13:3 + 1:3 lbs. of water

at 212° Fahr. evaporated by 1 lb . of fuel, i.e., 14:6 .

In the William Thompson calorimeter, instead of using a

solid oxidising agent, the gas oxygen is supplied either from a

gas-holder or a cylinder. The combustion is started, as in the

other case, by means of a short piece of fuse, or by a short

platinum wire in an electrical circuit,which becomes hot enough

to ignite the fuel when a current of electricity is passed through

it . The coal or coke may be contained in a small platinum

capsule , but in our experience this is not desirable , since the

continued contact with hot carbonaceous matter renders the

metal brittle in time; small porcelain crucibles answer equally

well, in fact we have often used the bowl of an ordinary clay

pipe from which the stem has been cut off, loosely plugging the

bottom with a layer of asbestos. The measurements of tem

perature and calculation of results are carried out as before.

It is desirable to note the time occupied by the combustion,

and afterwards take the fall in temperature experienced by the

water during the same length of time. A correction for radia

tion is thus obtained.

The Bomb Calorimeter. — In this type of calorimeter

(Fig. 11) the combustion of the fuel goes on in a strong metal

vessel,made of steel or some special alloy,which is in some cases

lined with enamel, in others plated with gold inside, to resist the

corrosive action of the gases produced , and often nickel-plated

outside. Oxygen gas is supplied to this vessel, which is called

the bomb or grenade, at a pressure of about twenty-five atmos

pheres. The fuel is placed in a small platinum crucible or

capsule, over which is suspended a short piece of iron or steel

wire. On the passage of an electric current through it ,this wire

becomes white hot and burns ; the drops of molten magnetic

oxide falling into the fuel ignite the latter, and the combustion

continues until all the fuel is consumed. In some cases platinum

wire is used to commence the operation . The bomb has a tightly

fitting lid , screwed on to a leaden washer. It is immersed in a
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vessel containing water , and the whole is contained in a case

lined with non -conducting material to prevent any loss of heat

by radiation . The heat of combustion is transferred through

the bomb to the water surrounding it, the increase in tem
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perature noted, and the calculation worked out on similar lines

to those previously given , corrections peculiar to the instrument

being allowed for.

The illustration shows the Mahler bomb calorimeter, with
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the necessary appliances. The cost of the bomb type of calori

meter is considerably greater than that of Lewis Thompson or

William Thompson class. The former may be anything from

£10 to £50 ; the latter from £2 to £5.

By means of these various calorimeters, it will be seen that

the heat produced by the absolutely complete combustion of the

fuel is measured . Practically , the most satisfactory method of

testing the quality of various coals is to make an evaporative

test under actual working conditions. The burning qualities

of the coal can then be noted also, as well as the kind and

amount of clinker and ash which are produced. To make a

test on these lines requires careful and special arrangements,

and occupies much time. Hence the use of a calorimeter of

some type is necessary, and there is no question that such

instruments afford reliable comparative data .

An average calorific value for coal is about 7,000 calories,

that of coke somewhat less. It follows from this that 1 lb .

of good coal should be able to generate 12 to 14 lbs. of steam .

In actual practice, if 6 to 8 lbs. of steam are obtained per 1 lb .

fuel, it is as much as can be expected . There are several factors

which account for the difference between a calorimetric test

and the practical results. Loss of heat by radiation ; the im

possibility of regulating the admission of air so as to supply

exactly the amount required for the perfect combustion of the

fuel. If too little , imperfect combustion occurs with production

of smoke and carbonic oxide and consequent loss of heat ; if too

much air then the excess uses up some of the heat in raising its

own temperature to that of the other gases, which heat would

otherwise be used for steam generation . Again , injudicious or

careless firing leads to smoke and carbonic oxide production and

loss of heat, and the capacity of gases for heat increases with

their temperature.

It is possible to calculate the heating value of a fuel from

its chemical composition,knowing the carbon,hydrogen , oxygen,

nitrogen , sulphur, ash , and moisture. The substances which

produce heat when a fuel burns are chiefly carbon and hydrogen ,

and sulphur to a very slight extent. Any oxygen which may

be present causes a loss of heat,because it uses up its equivalent

amount of hydrogen , leaving only the excess as a heat producer.

Moisture in the coal, together with that produced by the com
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bustion of any oxygen present,takes up heat in its conversion

into steam , and of course the mineral matter or ash is a non

producer of heat. Calculated heating values do not as a rule

agree very closely with practical tests, or even with calorimetric

results .



CHAPTER VI.

COKE OVENS ( 1 ).

Coking. – As stated in previous chapters, some coals are not

suited for use in blast furnaces or foundry cupolas owing to

the caking properties. The caking is due to the constituents

of the volatile matter of the coal, and the manner in which

these constituents are grouped . If, however, a coal possesses

caking properties, it may be rendered suitable for the above

processes by subjecting it to heat under certain conditions.

The heat drives off the volatile matter and leaves the fixed

carbon , which, along with the ash or mineral matter, forms

coke. In olden times the coal was heated or coked in mounds

or heaps in the open air. This method was certainly crude,

and gave place to the beehive or enclosed type of oven , from

which the air was partially excluded . The beehive oven is now

being superseded very largely by the retort or closed oven type,

in which the bye-products are extracted. The open mound

process is practically done away with , owing to its wastefulness.

The beehive oven still possesses the advantage over the retort

type in the lower prime cost and simplicity of working,

requiring, as it does, little skilled labour, whilst producing

excellent coke. These advantages, however, are more than

compensated for, in bye-product ovens, in the saving from

bye-products, as also from the spare power now obtained in

modern plants through a more economical use of the gas from

the ovens. Before dealing with bye-product ovens of recent

construction, a brief description of the older types of ovens will

not be out of place, as showing the lines of progress in coke

oven design . The earliest type of coke oven is the beehive

oven , the general shape of the oven being indicated by the

name. The interior dimensions of this oven are usually about

12 feet in diameter and 7 feet high. The inner lining is of
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refractory brickwork, and the space between this lining and

the outside walls is filled with sand, slag, or brickbats, to retain

the heat. As shown in Fig . 12, they are usually built in double

rows, each oven being connected to a common flue,the connection

being controlled by a damper. The waste heat from this flue

passes through boilers to the chimney. The operation of coking

is carried on as follows: — The doorway is partially built up,and

the charge of slack fed into the oven from hoppers. Sometimes

a small fire at the door is necessary to start the action,but when

in full working order, the heat retained in the oven brickwork

is usually sufficient. The charge is levelled and the door built

up. For a few hours the gas comes off slowly , and is not of a

quality to ignite , but after a short time the gas comes off more

freely , and at this stage a little air is admitted above the charge

1
1
1
4

N
M
M

Fig . 12. - Beehive Coke Oven .

to burn the gas,the heat from this combustion being reflected

by the roof on to the charge below . The heat of the oven

gradually increases, and the whole of the volatile matter is

finally expelled . This requires about three days, and during

the last portion of the coking the door is thoroughly luted to

exclude air entirely , to avoid undue loss of coke. The yield of

coke in these ovens, using slack containing 30 per cent. volatile

matter, ranges from about 56 to 60 per cent., showing a loss

of 10 to 14 per cent. through admission of air to the coking

chamber. When all trace of gas is absent, the mass of in

candescent coke is quenched inside the oven , involving a further

waste in heat, and the charge is then raked out. To avoid this

cooling of the oven itself by quenching, modifications of the

oven have been built in which the charge may be drawn out

by mechanical means and quenched outside ; but a more im
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portant saving was effected by the introduction of the retort

type of oven by Coppée in 1861, the improvement consisting

in complete exclusion of air from the coking chamber. The

simplest type of this oven is shown in Fig. 13. The ovens

shown consist of long rectangular chambers about 30 feet long

and 3 feet 6 inches high. They are usually built with a slight

taper in the width , being about 15 to 17 inches wide at one end

A B .

Fig . 13. - -Coppée Oven (original type).

and 18 to 20 inches at the other. This is to lessen the friction

of the charge on the oven walls whilst discharging. The ovens

are charged from the top, and the gases from the charge pass ,as

shown, into a series of vertical flues , in which is also admitted

the air necessary for combustion . This air is in some cases

heated to a temperature of 700° Fahr. by being conducted

through passages in the hot brickwork underneath the ovens.
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The heated products of combustion pass downwards into a sole

flue, and then passing under the whole length of one oven

return by the sole flue of the adjoining oven, finally passing
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Fig . 14 . — Simon Carves Oven (original type ).

into the chimney flue, passing under boilers before reaching

the atmosphere. When the volatile matter has been completely

expelled,the charge is pushed out by a ram and quenched out

side the oven. The advantages gained

in this oven are :- Increased yield ,

through exclusion of air ; shorter cok

ing period through the narrower

chambers in use and the more effi

cient means of utilising the gases ;

saving in the heat of the oven through

external quenching ; saving of time

and labour through the use of me

chanical appliances , & c. This oven

has, of course , been adapted for the

recovery of bye-products, but the

original described is sufficient to show

that from it a great many of our

modern coke ovens have arisen .

The Simon Carves oven (Figs. 14 ,
Fig . 15 . — Simon Carves

15) was the first retort oven to be
Oven (Vertical section ).

erected in England for the recovery of

bye-products, a battery of these ovens being erected in this

country about 1869, and it is from this Simon Carves oven that

all the other types ofhorizontal flued ovenshave been developed.
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The gases are drawn off at h and, by means of an exhauster,

passed through the bye-product plant and returned to the dis

tributing main M . From this main , through a service pipe for

each oven , the gas is fed above a firegrate underneath the floor

BATTERY. - 12 OVENS. SHEWN.
EVEN

NO

ODD

NOS

- - - - - - - - - - - - - - - - - - - - - - - - - - -

'PLAIN LINES - WASTE HEAT.

DOTTED LINES - AIR .

Fig . 16 .

of the oven. Here a supply of air, preheated by a simple

regenerative system to about 800° Fahr. (or 425° Cent.), is

admitted. Combustion takes place, and the heated products

pass along the sole flue, thence to the top side flue, thence in a

U
W
V

Fig . 17 . – Semet -Solvay Oven.

zig -zag direction to the recuperative system of flues. This

system is shown diagrammatically in Fig. 16 . From the

diagram it will be seen that the waste gases from odd-numbered

ovens pass to a chimney at one end of the battery , whilst a

chimney at the opposite end of the battery extracts the waste



COKE OVENS. 41

heat from even -numbered ovens. The air flues are sandwiched

between these two flues.

The Semet-Solvay coke oven in principle is somewhat similar

to the Simon Carves. The diagram (Fig . 17) shows the usual

arrangement of flues. Some of the existing ovens have three

flues at each side, as in Figs. 17, 18, but the tendency now is to

204

HOT

AIR FLUE

22
S5 - - - -

Fig . 18. — Semet-Solvay Oven (Vertical section ).

adopt four or five side flues , as in Fig. 19, the ovens being of

correspondingly greater height. This is an undoubted advan

tage, as modern compressing machinery will charge a larger

oven just as readily as a smaller, whilst the larger oven takes

up only the same area as the smaller. The standard Sernet

Solvay oven is of strong, substantial design . The oven side

flues are entirely independent of the superstructure, the weight
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of which is carried on separate pillars. The brickwork of these

pillars is built of less refractory but tougher material than that

of the flues themselves. As well as materially strengthening

the oven, this pillar acts as a reservoir of heat, a great advan

tage during temporary stoppages of the plant. The heat stored

in the pillar also assists in counteracting the cooling of the flues

through the introduction of a charge of wet slack .

It will be noted from Fig. 18 that in the Semet-Solvay oven

each oven is entirely independent of its neighbour, having two

series of side flues instead of a series of flues common to two

adjoining ovens (as is the case in

the majority of retort ovens). The

heat of the oven is thusmore readily

controlled , and any single oven may

be repaired without interfering with

the working of the two adjoining

ovens. To ensure gas-tightness , a

very important item indeed, the

Aues are usually built of small

rectangular blocks about 8 x 4x2

inches. Larger blocks, owing to the

expansion and contraction during

charging, & c., tend to open at the

joints, allowing a portion of the gas

to pass into the side flues, the bye

products in this leakage being, of

course, lost, besides decreasing the

amount of “ spare gas ” from the

Fig . 23. - -Huessener Oven battery . These small bricks can

(Vertical section ).
readily be obtained with very uni

form surfaces, and the jointing need not, with ordinary care, be

more than } inch in thickness. The gases from the oven , after

being passed through the bye-product plant, return to the dis

tributing main m , from which it is fed into the flues as shown.

In the ordinary type of Semet-Solvay oven the air for combus

tion is preheated , by being drawn through passages underneath

the oven , to about 300° Cent., but a later type of continuous

regenerator has been introduced . This type of regenerator

is shown in Fig . 20. It possesses the great advantage of

being continuous in action , thus avoiding the sudden changes

CHIMNEY
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of temperature during the periodical reversing which takes

place in the ordinary type of regenerator. At the same

time the regenerator may be shut off for repairs quite easily

without affecting the oven itself,using cold air in the meantime.

Referring to heating arrangements of the oven , the gas is

fed into the top side flues Kį, the hot air coming into the side

of this flue from a passage in the partition wall. This air is

controlled by a slide damper at A. Passing along the flue, the

gas is reinforced at B , where air is also again introduced . The

supply of gas to each of these places is carefully regulated by

diaphragms placed in the service pipe, perforated to a definite

size determined by the usual conditions of working (i.e., chimney

draught and pressure of gas). In three-flued ovens it is not

necessary to introduce more gas, as the products of combustion

from K , and K , are quite sufficient to maintain a good heat in

flues Kz and Kq, as shown by the following actual tempera
tures :

-Top side flue, K ,

Middle side flue, K ,

Bottom side flue, K .

Sole flue, K . -

-

-

-

-

-

-

-

-

-

-

-

1,190° Cent.

1, 200° ,

1,170° ,

1,100° ,

-

-

In four-flued ovens there are usually two gas supplies at

each end of the oven . The condition of these flues can be noted

through inspection holes at each end , from which the whole

length of the flue may be seen , and very uniform heats may be

obtained . The Semet -Solvay ovens are usually charged by

machinery which compresses the charge before placing it in the

oven. There are various advantages derived from the use of

compressed charges, and these will be discussed later. The

amount of spare gas is, in the ordinary type, about 30 per cent.,

and with continuous regenerators about 50 per cent.

The Huessener coke oven (Figs. 22, 23) is also of the hori

zontal flued type. The arrangement of flues is somewhat similar

to the original Simon Carves oven , but, like the Semet-Solvay,

each oven has its own side flues, the ovens being thus entirely

independent of each other. The flues are constructed of refrac

tory tiles and bricks well dovetailed together. The air for

combustion is not preheated. The gas and air supplies are well

under control, and good heats are obtained in the flues, as
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shown by the temperatures given in a paper read before the

Iron and Steel Institute in 1904 .*

Bottom side flue

Top side flue -

-

-

-

-

1,900° Fahr., 1,037° Cent.

2 ,200° , 1,205° ,

The waste heat passes under boilers, evaporating 24 cwt. of

water per ton of coal, and the spare gas amounts to 30 per cent.

of the gas generated. This oven is also designed on the regenera

tive principle if desired. The system of bye-product recovery

now being adopted in connection with the above plant is

described later .

* C . Lowthian Bell, Iron and Steel Institute, 1904.



CHAPTER VII.

COKE OVENS ( 2 ).

THE Otto-Hoffmann coke oven (Fig. 25 ) has been adopted to a

very large extent in America. Like the old Coppée oven , it is

heated by vertical flues , but differing in this respect , that no

direct communication exists between the interior of the oven

and the side flues when working under normal conditions, the

Ting
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COLD N A - > CHIMNEY
AIR

Fig . 25. — Otto -Hoffmann Coke Oven .

gases being conducted through the bye-product plant before

admission to the side flues. The air necessary for combustion

is preheated very considerably in regenerators. As this system

of regenerators is common to several types of coke ovens, a

brief description will be given . Underneath the sole of the

oven are two combustion chambers, K and K ,, fed by gas
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supplies at c and D respectively . The gas is only supplied to

one combustion chamber at a time, the illustration showing

chamber K , receiving gas from main c , whilst the gas cock at

D is closed . The air for the correct combustion of gas in Ky

is supplied through the chequered brickwork at A, usually by

means of blowers . The gas burns in Ky, and the heated pro

ducts of combustion pass upwards through one-half of the

vertical flues m into the upper combustion chamber N , thence

downwards through the other half of these flues, thence through

the combustion chamber K , to the regenerators at B , and thence

to the chimney . These heated waste gases give up their heat to

the brickwork at B , raising the temperature of the bricks to a

full red heat. Then , if the direction of the gas and air be

reversed (about every half-hour), the air being blown through

regenerators B is raised to a temperature of 900° to 1,000° Cent.

Being so heated, a considerably less quantity of gas is required

to keep up the temperature of the flues M , and consequently

more spare gas is obtained for use in gas engines, or for lighting

purposes. Of course , where regenerators are used all the heat,

or nearly all, is extracted from the waste gases, leaving no heat

available for steam raising by means of boilers. The choice,

then , for oven builders lies between waste heat or steam power,

and live gas or gas engines. On the one hand is the cost of

boilers and the loss in efficiency as opposed to gas engines.

On the other hand is the cost of regenerators and a gas -holder ,

which, if not absolutely necessary, is advisable, having regard to

the irregular supply of gas from a battery of coke ovens. In

addition , the cost of extra purification of the gas should be

included. One drawback to the use of waste heat under boilers

is rather important. The waste heat must be used immediately

and actually on the spot,as thewaste heat flue cannot be carried

any great distance without serious loss of heat. Also, should

surplus power not be required for the timebeing, the waste heat

must be bye-passed to the chimney. Considering the rapid

strides made in gas engine construction , and the possibility of

the more general use of coke-oven gas for lighting purposes,

the ovens on the regenerative principle are now coming more

into vogue, but at the same time most oven builders retain a

waste heat type for those who prefer a well-tried servant in

the form of steam , to a newer servant in the form of gas.
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The Otto -Hilgenstock oven as now built, is a distinct im

provement on the Otto -Hoffmann oven. It is built in two

types, “ waste heat” or “ live gas,” shown in Figs. 26 , 26a , 27,

and 28 respectively . It will be seen that in both cases the

vertical flue has been retained, but the distribution of the heat

has been vastly improved. The gases from the oven chamber

are conducted through the bye-product plant, the most recent

type of which is shown in Fig . 94. After being deprived of the

bye-products, the gas is led by branches from a distributing

main m into a series of nozzles or Bunsen burners N . In the

case of the “ waste heat ” oven the action of the Bunsen burners

draws in sufficient air for the combustion , this air being heated

in its passage to the combustion flues. In the case of the

“ regenerative ” type, the air is preheated by passing through

the regenerators K , afterwards being conducted underneath the

sole of the oven to the combustion chambers F through the ports

R . In both cases the gas, instead of passing into one combustion

chamber, is subdivided, being fed into the vertical flues in as

many as fifteen or sixteen places. Thus, each burner is required

to heat only a small portion of the oven walls, and, as the air

and gas supply are perfectly under control, sooting of the flues

through deficiency of air, or fusion of the flues through excess,

is easily avoided, and the life of the oven walls is prolonged

considerably.

The gas ignites at the level of the coking chamber, and

rises vertically through the heating flues, following its natural

tendency. The chimney draught is thus decreased, and the loss

of gas, through leakages from the oven chamber to the side

flues, is reduced to a minimum . In the “ waste heat” type the

amount of spare gas is 20 to 40 per cent., but by using re

generators the amount of spare gas is increased to 50 per cent.

The ovens may be charged by tubs from the top,as shown in the

drawings, Figs. 26 , 27, but the commoner plan is to use com

pressing machinery, as described in Chapter IX . By using the

latest type of ammonia recovery plant, as shown in Fig . 94, the

amount of steam required for the actual working of the plant

is considerably reduced, and the steam available for outside

purposes correspondingly increased.

The latest type of Simon Carves oven is a good example of

the modern tendency in vertical flued ovens ; entire control
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over the supply of air and gas being attained, and this regu

lation can be effected in the most easy manner , as all cocks

and dampers are operated from the outside ( see Fig. 35 ).

As seen in the sketch (Fig . 31), the flues are in two sections,

fed alternately by the gas jets Q , and Q2, and the supply of gas

is subdivided into ten sections, giving a uniform heat over the

full length of the oven pillar. The admission of gas to each of

these ten sections is regulated by ten specially designed cocks,

and the supply of air is likewise divided up into ten sections

corresponding with the gas supply, the admission of air to each

section being regulated by dampers.

These gas-regulating cocks, and also the dampers for air

N2

K2

S
U
S

1
0
0

J
U
0
0
t
l

A

UI

O

ZIJE

4
0

A
M

COLD TO

CHIMNEY

Fig . 31. -- Simon Carves Oven (Section of flues, & c.).

supply are all accessible from the ram track and coke bench

and it is entirely unnecessary to enter the hot-air galleries
under the ovens.

The inlets from these chambers into the vertical flues are

shown at M , and m , on the drawing. Thus, under the conditions
shown, gas is being fed into the flues by the firebrick tubes K .

The air enters at M , from the regenerator A . The products of

combustion pass from Ky, K2, Kz through openings M , into re

generator B , and thence to the chimney, the gas cock at N ,

being closed during this period. This oven is also adapted as

a “ waste heat” oven, as shown in Figs. 33, 33a . The re

generative type is shown in Figs. 32, 320, 326.
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CHAPTER VIII.

COKE OVENS ( 3 )

The Koppers coke oven is of the vertical flued type, possessing

many striking features in the heating arrangements of the flues.

The oven is built in two types — waste heat and regenerative.

The waste heat oven (Figs. 36 to 41) is of very simple construc

tion. The gas, after being deprived of its bye-products, is fed

from the distributing main c into the gas-distributing channel

E , formed of firebrick pipes. The gas passes from this channel

through orifices, each fitted with a gas nozzle , into the vertical

flues. These flues, numbering from thirty to thirty -five, have

each a separate nozzle, the details of which are shown in Fig . 38.

The nozzles have oval-shaped orifices, and by means of a rod

with a T end (Fig . 39) may be very easily changed. These

nozzles have orifices of varying size, so that the amount of gas

passing into each individual flue can be perfectly adjusted . The

air necessary for combustion is drawn in by thechimney draught

through the air -distributing channel G ( Fig. 38) from the air

conduit F. From this channel it issues by the ports h into the

combustion flue K , flowing round the nozzle u , and keeping it

comparatively cool. The amount of air is controlled by the

unique damper arrangement shown in Fig. 37. As both

dampers and gas nozzles may be adjusted from the top of the

oven the combustion of gas in the flues can be easily controlled

so as to maintain an exceedingly high state of efficiency, and the

greater number of gas jets ensures a uniform temperature of the

oven walls from end to end. The products of combustion pass

into the waste heat flue through a passage regulated by the

damper R (Fig. 36 ). The waste heat passes along the flue P and

through the boiler tubes by an arrangement as shown at Fig.42.

The regenerative type of Koppers coke oven is shown in

Figs. 44 to 47. This is an improvement on the original
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FIG . 43. — VIEW IN PASSAGE WAY SHOWING GAS AND AIR REGULATION FITTINGS.
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Koppers regenerative oven, in that each oven has an entirely

separate regenerator, which allows of repairs to individualovens

without affecting the remainder of the battery. The reversing
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of the gas and air is done simultaneously along the whole of the

battery by a link arrangement shown in Fig . 43. It is found

that the waste heat is more than sufficient to maintain the heat

in the regenerators, and consequently arrangements are provided
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for taking off a portion of the products of combustion through

the flues T and v ( Fig. 44 ). The arrangements for regulating

the combustion in the individual flues are the same as described

in the waste heat type. The amount of spare gas from ovens of

the waste heat type varies from 15 to 20 per cent., whilst with

regenerators the amount is from 50 to 60 per cent. of the total

gas evolved .

The Coppée oven ;as now designed , is the result of continued

H
A
N

Fig. 50.

Coppée Oven (Section of flues).

improvements on the original Coppée oven described on page 38 .

The oven is now constructed for bye-product recovery and is

designed on the “ waste heat ” or “ regenerative ” principle.

The regenerative type is shown diagrammatically in Figs. 49,

50. The regenerators are situated underneath the ovens.

One regenerator is connected to the sole flue of the odd

numbered ovens, whilst the other is connected to the even

numbered ovens. The series of vertical side flues is divided
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into five sections, each consisting of six flues (Fig. 49). The

gas is fed into the flues by means of the tubes R, and Rg, two

at the front of the ovens and two at the back. The tubes R ,

feed the vertical fluesmarked 1 , 2 , and 3 in each chamber, whilst

the tubes R , feed the flues marked 4 , 5 , 6 . Thus for a period

of about thirty minutes the gas cocks that feed R , are opened

and the flues marked 1, 2 , 3 are receiving the gas in conse

quence . The air,heated to a temperature of about 1,000° Cent.,

comes along the sole flue 2 (Fig . 50 ) and meets the gas at the

foot of the vertical flues. The heated waste products pass down

4 , 5 , and 6 to the sole flues 1 and 3, & c. (Fig . 50 ), thence

through the corresponding regenerator to the chimney. After

this period the direction is reversed , R , then feeding flues 4 , 5 ,

and 6 , and the sole flue 2 taking away the products of com

bustion from flues 1, 2 ,and 3, & c. By this arrangement the

reversing of the air current affects only three flues at a time,

or one-tenth of the oven wall. Thus the flues for the gases

descending for the time being are nearly as hot as the ascension

flues, and a uniform temperature is maintained throughout the

length of the oven wall. The air supply is driven through the

regenerators by means of a fan driven by electric motor, and is

regulated by this means.

The Collin oven (Fig. 54 , waste heat type, and Fig . 55 ,

regenerative type) is of the vertical flued type, with or without

regenerators. The principal feature of this type of oven will be

seen from the section l-m , which shows a series of flues with

bond stones between . These bond stones are hollow , and in the

case of the regenerative oven the flues thus formed serve two

purposes:

1. To take off the waste gases after combustion in the main

vertical flues.

2. To conduct hot air from the regenerators to the gas from

the upper distributing channels during another period

of the coking process.

The sectional area of these inner flues has been carefully

predetermined to give the correct proportion of gas and air.

The flues are worked in two stages as stated above. During

the first stage the gas passes from the lower series of conduits

into the base of the main flues, where it meets the hot air from
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the regenerators. The flame rises, and the waste products pass

through the “ inner ” flues of the bond stones to the regenera

tors. During the second stage the gas is led into the flues

from the upper series of conduits, and the hot air from the

regenerators rises through the “ inner ” flues and meets the gas

at the top, the waste products passing down the main vertical

flues to the corresponding regenerators. The first series of

regenerators is underneath the ovens, and is free of chequer

work, the waste gases passing from thence through large

regenerators with chequer work before reaching the reversing

valve. The regeneration thus takes place away from the oven,

the flues underneath the oven not being subjected to any great

change of heat. The upper series of conduits is so arranged

that the combustion of the gas takes place low enough to act

on the charge itself, without unduly heating the crown of the

oven . The reversing of the regenerators in some types of ovens

causes an alternating variation of temperature from one-half of

the oven wall to the other, but in the Collin oven the heating

is practically continuous.



CHAPTER IX.

CHARGING AND DISCHARGING OF COKE OVENS.

Charging and Discharging Coke Ovens. — The older retort

coke ovens were charged in a similar manner to the beehive

ovens, by means of tubs, feeding the oven through three or four

charging holes in the roof, the charge being afterwards levelled

by hand or machinery through levelling holes in the oven doors.

These charges of loosely filled slack have now been displaced

very largely by compressed charges . This system of compressed

charges is a great improvement on the old system . The

advantages derived are :

1. Output increased at least 10 per cent.

2 . Denser coke.

3. Amount of coke breeze reduced.

4. Saving in labour.

5 . Less wear on oven linings.

The slack after compression is almost half as dense again as

in a loose charge, but the time taken to thoroughly coke the

denser charge is also longer, and the nett result is a gain in

output as stated above. The coke from compressed charges is

certainly denser and contains less breeze than that from loose

charges using the same quality of slack. The time taken in

charging an oven is also reduced,and thesmoke nuisance during

charging with tubs and levelling, is lessened considerably. As

there is a slight clearance between the compressed charge and

the oven walls, the slack does not come in contact with the

brickwork, which is thus protected from the corrosive fluxing

action of the mineral matter in the coal. The following is a

general description of the type of compressing plant introduced

into England by Mr J . H . Darby. The slack from the washer is

first crushed in a Carr disintegrator (shown in Figs. 57, 57a ).



CHARGING AND DISCHARGING COKE OVENS. 69

This consists of two reels A and B mounted on the shafts c and

Cy. Each reel consists of two concentric rings in which steel

spindles are fixed from 2 to 3 inches apart. The reels are

driven by the pulleys D and D , in opposite directions and
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an even running is secured by flywheels E and E , giving the

correct balance. The slack is fed from elevators and the shoot

F into the centre of the reels, and passes through the bars of

reels at G . As these bars are revolving in opposite directions
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.

at a peripheral speed of 6 ,000 feet per minute , the slack is

crushed to a fine state of division and passes down the shoot H .

The crushed slack is taken from this shoot to a storage bunker

usually situated near the ovens as in Fig . 58. From thence

the slack is taken by tubs, or preferably by a conveyor belt A

as shown, and delivered into the box B of a charging machine.

This box is shaped somewhat similarly to the interior of the

coke oven , but the width of the charge can be adjusted by

Darby's patent arrangement for closing or opening the sides of

Fig . 57a . — One Reel of Carr Disintegrator with Casing removed .

the box by means of the eccentrics D . As the slack is fed into

the box it is compressed by the weighted pole F of the stamper

E which traverses the whole length of the box. In the system

shown, the stamper pole is raised by an eccentric friction wheel

driven by electric motor, which also works the travelling

gear. The length of “ fall ” of the stamper pole remains

constant, adjusting itself as the charging box is filled. Whilst

a single stamper will compress a charge quite satisfactorily , it is

an undoubted advantage to have two stamping machines owing
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to better compression , saving in time, and the fact that in case

of breakdown of one stamper, the other is able to do the work

whilst repairs are being conducted .

The drawing shows the charging machine separate and dis

O
.

.
.

b
a

14

Fig . 58. — Arrangement of Coal Stamping Machinery.

tinct from the ramming machine, but for smaller batteries
of ovens it is more economical to use a combined ram and

charger, as the lesser number of ovens to be charged per day
allows ample time for the charge to be stamped , and then

kept waiting until the contents of the oven are discharged by
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the section of the combined machine containing the discharging
ram . When the compression of the charge is completed , the
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machine travels to the oven requiring a charge, the sides of the

“ box ” are slightly opened by a hand-wheel working the eccen
trics D , and the charge is carried into the oven by the peel
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A (Fig . 60) which forms the bottom of the box. This “ peel”

is fitted with rackwork underneath into which fits a pinion

driven by reduction gear and electric motor. The ramming

machine, also designed by Mr J. H . Darby, is shown in Fig. 59.

When discharging an oven , the ram travels slowly enough to

allow the coke to be thoroughly quenched as described later, but

on the return , the speed of the ram is increased about five times

in order to avoid unnecessary heating of the ram . This change

A
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.
.
..

Fig . 61. - Sectional Elevation . FIG . 62. — Darby's Quenching Hood Plan.

of speed is brought about by clutch gearing without interfering

with the speed of the motor.

Another type of stamping machine made by Messrs

Fr. Méguin & Co. is shown in Fig . 58a. In this type the

“ pole ” is replaced by a steel rod which is raised by a con

necting rod worked by a crank. On the upward stroke the

rod is gripped by the tong arrangement shown . Towards the

end of the stroke the “ tongs ” come in contact with lugs and

are thereby opened,allowing the rod to drop.
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Another type,also manufactured by the above firm , is shown

in Fig. 585. In this the stamping piston is actuated by the

conjoint effect of pressure and vacuum , the stamping cylinder a

being coupled direct to the compressing cylinder b. The speed

of this machine ismuch greater than the former and the capacity

increased considerably . The latest type of machine of the above

firm has a separate air reservoir, rendering themotion of the

compressor absolutely independent of the stamping motion .

The appearance of the coke from a coke plant is a very

important matter. Formerly the coke was pushed out by a
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Fig . 63. - Arrangement of Coke Car.

ramming machine on to a horizontal paved floor where it was

quenched . The incandescent coke being thus exposed to the

atmosphere, suffered through oxidation before being thoroughly

quenched , this oxidation giving rise to the dark appearance of

the coke. To avoid this, the Semet -Solvay ovens are all

fitted with a patent coke quencher (Figs. 61, 62), & c. This

quencher is usually carried by the winch which is used for

raising the doors on the discharge side of the oven, a small jib

being fitted for the purpose. The quencher is placed in front

of the oven to be discharged , and is coupled to a water main
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by a flexible hose at A . When the coke begins to emerge, the

water is turned on, and passes from A to the branch pipe D,

from thence to a series of pipes at B. These pipes are per

forated, and the water issues in numerous jets on to the coke

which is guided by the steel plating E. Thus the coke is

quenched before it really comes in contact with the atmosphere,

and a good silvery appearance is obtained. The water supply

is usually from overhead tanks to ensure a good pressure.

The coke after leaving the quencher may be dealt with in

various ways. Where the coke is to be raised to a higher level

and delivered into wagons the patent coke car (Fig . 63) is very

serviceable . The car is connected to a hauling rope and is

placed opposite any particular oven to receive the charge as

it is pushed out by the ramming machine. When the oven is

emptied the car is drawn away and the door c is opened, and

the contents slide over a screen into wagons. Sometimes the

car is dispensed with , and in this case the coke passes down

a slope, plated with cast- iron plates, and set at such an inclina

tion as to allow the coke to slide down without undue breakage.

The slope delivers the coke on to a plate conveyor, or a flat

space at the foot of the slope may be provided to allow the coke

to be conveniently forked by hand and loaded into wagons.



CHAPTER X .

COOLING AND CONDENSING PLANT, & C .

THE bye-products from coke ovens are collected by (a ) cooling

and condensing ; (b) washing and scrubbing the gas from the

ovens. In most cases the slack (usually from a coal washery)

contains about 10 per cent. of moisture. On charging an oven ,

this moisture is expelled as water vapour along with the vola

tile matter of the coal, and on cooling the gases this vapour is

condensed, bringing down with it a portion of the ammonia

formed in the oven, the liquid thus forming what is known as

ammoniacal liquor. At the same time some of the volatile

hydrocarbons are condensed, forming the tar. The mixture of

tar and ammoniacal liquor passes

to settling tanks, in which the

two substances separate,owing to

the difference in specific gravity,

tar sinking to the bottom and

the liquor remaining on top .

The gas, in the first place, passes

from the oven by means of a

stand-pipe (fitted with a valve)

into a collecting main . This may

be either of the “ dry ” or the

“ hydraulic " type. The dry main

practically consists of an enlarged

tube of steel plating,erected with

a definite fall from one end to Fig . 65. - Hydraulic Main in

the other. This main is kept Section, showing Seal.

clear by a stream of thin tar or liquor pumped in at the higher

end, which washes the pitch and carbon deposits down to the

lower end , where they are collected at the sealed overflow .

In the “ hydraulic ” mains the gas is drawn through a “ seal ”
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of liquor, thus receiving a preliminary washing and cooling.

The ovens may be sealed individually (as in Fig. 19), in which

case the stand-pipes are each connected to separate dip pipes,

or collectively (Fig . 65 ), in which case a baffle plate, extending

the whole length of the main, and sealed in the liquor, directs

the gas through the liquor. The gas from these mains is then

conducted through condensers, which may be air - cooled or

COLO
WATER

COLO
AIR

I TAR &
VAMMONIACA

LIQUOR .WASTE

WATER

Fig . 68. - Air Condensers.

water-cooled. Some plants use a serpentine arrangement of

piping (as at Figs. 66 , 67), the gas then passing on to the

exhausters and scrubbers, the pipes in some cases being cooled

by streams of water playing on them . These pipes are laid

with a slight fall, so that the condensed products may be run

off at the lowest point through a seal pot. Other plants use

air condensers of the type shown in Fig . 68, the principle of
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which will be easily seen from the drawing. As air coolers and

condensers are, to some extent,dependent on atmospheric con

ditions, it is advisable to use in conjunction with them water

cooled condensers, of which Fig. 69 is a type. The cooling is
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Fig . 69. — Water-Cooled Condenser.

certainly more under control, and uniform cooling may readily

be obtained.

Whilst air and water condensers bring down a great pro
portion of the tar and ammonia from the gas, some of the tar

remains in a very fine state of division , and is recovered by

means of a washer or a tar extractor. The washer consists of
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a chamber or chambers, in which the gas is directed through
water or ammoniacal liquor by means of a serrated or perforated
baffle plate, the depth of seal being sometimes regulated by

. S
S

O

O
0

s

VES

U
I
T
L
E

:

Fig . 1.
S
I
S

W
w
w

92

Fig.2

.. .
..

6.

O

Fig . 71. - Pelouze & Audouin Tar Extractor.

a weir valve. This type of washer also removes some of the
ammonia remaining in the gas. For the removal of the tar the
apparatus shown in Fig . 71 is also very efficient. It is known

as the Pelouze & Audouin tar extractor. In this machine the
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gas is broken up into innumerable small jets by perforated

plates, each jet impinging on the cool surface of a plate imme

diately behind the former plate. The impact causes the fine

particles of tar to meet together, and the tar accumulating on

the impact plate runs off through a sealed overflow . In the

type of extractor shown (manufactured by W . C . Holmes & Co.,

Huddersfield ) the gas enters below ,and ,passing upwards through

the annular space m , is directed through the perforated screens

A to the upper portion of the apparatus.

Fig . 72. — Condensing Plant, showing Tar Extractor , at Creusot, France.

Coppée Ovens.

To some extent the apparatus also acts as a governor,helping

to maintain a steady pressure. The drum to which the screens

are attached , is balanced by a counterpoise D , and in case the

upper series of perforations becomes clogged with tar or naphtha

lene, the resistance offered would increase the pressure under

neath the drum . This would cause the drum to rise, exposing

another row of perforations and relieving the pressure. Thus

a steady pressure is kept up. In case the chain holding up the
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drum were to break , the above makers have fitted to their

machines the relief valves K , which are opened by contact with

projections on the gas passages N , the gas then having an abso

lutely free passage to the outlet.

The appearance of tar is generally well known . It may be

described as a dark -coloured , oily -looking liquid , more or less

viscous. Its physical nature and chemical composition vary

according to the conditions under which it has been produced.

It is one of the products of the distillation of coal, both at gas

works and also in modern coking practice.

The composition of tar is very complex, and whereas it and

ammonia liquor were at one time regarded as residuals having

comparatively little value, they are now recognised as valuable

bye-products, and one branch of the coal-tar industry alone

that dealing with the dyes — constitutes a most important

work.

When tar is heated various products are obtained , according

to the temperatures employed. The first effect of heat is to

drive off water and ammonia , which , when condensed , consti

tutes an ammoniacal liquor. On further heating, light oils ,

such as benzol and naphtha, distil over. Then , as the tempera

ture rises, we obtain in succession the middle oils, such as

naphthalene and carbolic acid ; then creosote and heavy.lubri

cating oils ; afterwards anthracene, and finally pitch , or, if the

heating is carried far enough, coke only remains in the retort

or distilling vessel. The temperatures of distillation may vary

slightly in practice, but a reliable assay of tar may be made by

fractional distillation on the following lines :

( Ammonia liquor and light
Temperatures up to 170° Cent. - = oils.

Temperatures from 170° to 230° Cent. = Middle oils.

„ 230° to 270° Cent. = Heavy oils, creosote, & c.

, . , 270° to 360° Cent. = Anthracene oil.

A fractionating flask with the usual side tube,or an ordinary

tubulated retort may be used in the distillation, using 8 or

10 oz. of tar ; the several distillates being collected in a

graduated measure and their volume noted . The method is

especially useful for comparative tests. It is advisable to

have a tray filled with sand underneath the retort, then , in
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LINTI

the event of the apparatus breaking, which is always a possible

event, there is very little danger of fire , and it certainly helps

the mess to be cleaned up more readily. It is preferable to use

a thermometer, inserted in the neck of the distilling apparatus

to indicate the temperature of the vapour which is distilling

over. The changes, however, are very marked in appearance .

Tar from a coking plant

is usually sent direct to

the distillers ; some works,

however, recover light oils.

The successful distillation

of tar in its entirety is an

industry of itself. Water

in tar is naturally objected

to by distillers, and should

not be allowed to exceed 3

or 4 per cent.

The character of the

pitch depends upon the

temperature at which the

distillation was stopped.

Soft pitch softens at 40°

Cent., medium hard at 60°

Cent., and hard pitch at

80° Cent.
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Scrubbers. — Whilst

the cooling and washing of

gases removes the bulk of

the ammonia, some small

proportion still remains.

Fig . 73. — Tower Scrubber . The last traces of ammonia

are not easy to recover,

and scrubbers are necessary for this purpose. In these

scrubbers the gas is brought into contact with as much

wetted surface as possible, the liquid used (either water or

weak ammoniacal liquor) being kept as cool as possible.

The cooling of the weak liquor, if used, is very important

as will be seen from the following table :
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Temperature

Cent.

10 -

20 -

-

-

-

-

Grams of Ammonia absorbed by

1 Gram Water,

- - .679

- - •526

.403

- - 307

30

- - -

From the above it is evident that the absorbing action of

water decreases very rapidly as the temperature rises, and the

temperature of the outlet gases of the scrubber should be kept

below 30° Cent. The simplest form of scrubber is the tower

scrubber. This is simply a tower of steel plating filled either

with coke ( in pieces of uniform size ) or some type of wooden

grids as shown in Fig . 73 . In this the gas enters at the bottom

and passes upwards through a series of boards on edge, each

row of boards crossing the preceding one at right angles. The

boards are kept wetted by a sprinkler A . The ammoniacal liquor

is collected in a seal pot as shown. In some cases these

scrubbers are replaced by revolving washer scrubbers of which

Fig . 74 is a type. This scrubber, the “ New ” washer scrubber

of W . C . Holmes & Co., Huddersfield , consists of a cast-iron

cylindrical chamber laid horizontally . This chamber is divided

into sections, as shown. In each section is a circular plate E

securely fixed to a common central shaft P. To each side of

this plate a series of brushes K is fixed radially , the brushes

forming a close fit between the plates N of each section . These

brushes, as they revolve, pass through the liquor M in the lower

portion of the scrubber, and are thus kept moistened . The

weak liquor, or water, is fed into the chamber at c, and leaves

the first section by the overflow M ,, passing into the next section

through the opening H.,, finally leaving the scrubber through the

seal at D . The gas is thus brought into very intimate contact

with the washing liquor, and the scrubbing is very efficient.

In the later type of scrubber the chamber is divided into two

parts as shown, the central bearing being thus quite accessible

and clear of the action of the washing liquor. The shaft p

revolves at about five revolutions a minute,the gearing being

connected to a steam engine or electric motor, the power

required being very low .



CHAPTER XI.

GAS EXHAUSTERS.

Gas Exhauster . — The gas exhauster is one of the most impor

tant machines in connection with modern coke plants. As

described in the last chapter, the gas has to pass through

various condensers and washers in order to extract the tar and

ammonia . These condensers and washers necessarily offer a

certain amount of resistance to the gas, and it is the duty of an

exhauster to overcome this resistance. The exhauster should

be so arranged as to draw off all the gases from the coke ovens

without causing either suction or pressure on the oven . If the

exhauster were to work too slowly, the gas in the oven would

tend to pass into the side flues if any leaks existed in the oven

walls , or would pass through the luting of the oven doors. In

any case , the bye-products would be lost. If the exhauster

were to work too quickly, there would be a tendency to draw

air into the oven through the luting of the door, & c. This,

besides causing a certain loss in yield of coke and bye-products,

lowers considerably the quality of the gas evolved, a matter of

great importance where the gas is used for outside purposes.

Gas exhausters are of various types, but the types chiefly in

vogue at the present time are the rotary exhausters and the jet

exhausters.

The rotary exhausters are shown in Figs. 75, & c. Fig .

75 shows one of the earliest type. This is known as

a Beale exhauster. It consists of a chamber A, which is

stationary. Inside this a drum B ,worked by a steam engine

or electric motor, revolves, carrying with it a slide c . This

slide is carefully fitted in the slot K of the inner drum , and is

capable of a sliding movement without allowing gas to pass.

As the slide revolves with the drum , it is kept in sliding contact

with the inner face of the exhausting chamber, by means of the
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block D , which revolves on a pin fixed centrally on the end

plate of the exhauster chamber. To ensure gas-tightness and

1 >

Fig . 75 . — The Beale Rotary Exhauster.

to avoid “ slip,” the ends of the slide are fitted with nose-pieces

E which are kept tight against the case by means of springs.

TORB

J

c
e
d
u
l
l
i

Fig. 76. — The Bryan Donkin Exhauster.
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In the modification of this type (Fig . 76 ) introduced by Mr

Bryan Donkin, the motion of the slide inside the drum B is

made use of. The drum B is prepared with straight sides

between which the portion of the slide marked E is carefully

fitted to slide backwards and forwards without slip . At one

end of the drum B are openings P and R which, as the drum

revolves, pass alternately the portmarked L (shaded ) in the end

casing . In the position shown in the diagram , the space marked

K is relatively small, but as the drum revolves in the direction

Fig . 77. — The Bryan Donkin Rotary Exhauster. (From a photograph.)

shown, the space becomes larger, creating a suction . As the

port r in the end of the drum passes over the port 1 in the

end casing, it draws a portion of gas through L, which is con

nected to the port m (shaded). Thus the drum is drawing gas

from the suction side w during one portion of the revolution .

During the second portion, this gas is driven out through ports

in the other end casing (not shown on the diagram ) to the pres

sure side n . The capacity of the exhauster is thus increased to

the extent of the space represented by the interior of the drum B .
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At the same time the number of working parts is increased.

Fig. 78 shows a three -bladed exhauster. Owing to the greater

number of blades, this type causes less oscillation of the water

gauges, where the exhauster has to run slowly. Its action is

somewhat similar to the Beale exhauster. A type of exhauster

largely used on coke works is the Körtings steam - jet exhauster,

shown in Fig . 79. It is on the injector principle, steam being

the agent generally used to create the suction. The steam

issuing from the nozzle R traverses a series of corresponding

nozzles D, C, B of larger areas, thus creating a suction. This
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Fig . 78. — Three-bladed Exhauster.

steam is afterwards condensed in water condensers or scrubbers,

assisting in the recovery of the ammonia from the gas. The

sleeve K , controlled by the screw N , serves to regulate the

capacity of the exhauster, whilst the hand -wheel g working

the pin -valve, controls to a nicety the amount of steain necessary

to maintain the required suction. It may be stated that the

amount of steam used is in direct proportion to the amount of

gas exhausted. These exhausters , of course, have no moving

parts, and occupy a very small space. The exhausters, as used

in coke works, are fitted with a plate F to allow easy access to

the nozzles for cleaning .
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CHAPTER XII.

COMPOSITION AND ANALYSIS OF AMMONIACAL LIQUOR.

:48

Ammoniacal Liquor. — Ammoniacal liquor,known also as “ gas

water," is obtained from the hydraulic main , and from the con

densers and scrubbers. An approximate analysis of liquor from

the various sources is as follows:

(Semet-Solvay Ovens.)

From the main - - - - - 52 7. NH..

condensers - - - -

. scrubbers . . . . 1.00

, serpentine washer - - - 1:25

This liquor holds in solution, in addition to free ammonia

(ammonium hydrate ), various compounds, of which the follow

ing are the principal :

Ammonium carbonates.

sulphides.

sulphocyanide.

sulphate.

thiosulphate.

sulphite.

chloride.

Free hydrocyanic acid .

The specific gravity of the liquor is about 1.05 .

The compounds above mentioned are produced in various

ways.

Carbon dioxide is always a constituent of the gases coming

from the ovens, and is formed by the union of some of the

carbon of the coal, with oxygen derived from the air which is

unavoidably admitted with the slack during charging. When

ammonia gas comes in contact with carbon dioxide, below a

certain temperature, one or other of the carbonates of ammonia
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is formed according to prevailing conditions. These are readily

dissolved in the water which is in contact with the gases in the

main and condensers, & c. In fact, all the above-named com

poundsof ammonia are readily soluble in water. The carbonates

are white solids, which , however, cannot exist at high tempera

tures, and are consequently not formed until below a certain

temperature.

The carbonates of ammonia smell of free ammonia under

ordinary atmospheric conditions, probably through the action of

carbon dioxide from the air, partly due also to the presence of

carbamate , since this compound is formed by the interaction

of gaseous ammonia and carbon dioxide, if these are dry and

not too hot.

Ammonium Sulphide is produced by the action of sul

phuretted hydrogen on ammonium hydrate , the former having

been derived from the sulphur contained in the iron pyrites

always associated more or less with coal. There are several

sulphides of ammonium , containing variable amounts of sulphur.

It is to the presence of these compounds that the disagreeable

smell of the gas liquor is chiefly due. All the sulphides give

insoluble precipitates with lead and zinc salts, and on this

reaction may be based a method for their estimation. They

easily decompose, and are volatile on heating.

The sulphocyanide of ammonium is formed by the union of

hydrocyanic acid and ammonium sulphide. It is possible also

that carbon disulphide takes part in the formation .

Sulphite of ammonium is produced by the union of sulphur

dioxide, derived from the pyrites in the coal, and gaseous

ammonia, in a similar manner to the formation of carbonate.

The sulphite , in presence of free sulphur, forms hyposulphite or

thiosulphate.

Ammonium Chloride is derived from sodium chloride, or

common salt, in the coal, and varies considerably with the class

of coal used. Some coals contain a fairly large amount of salt,

others are practically free . Ammonium chloride , commonly

known as “ sal ammoniac,” is a white solid which readily

sublimes, and easily dissociates into ammonia gas, and hydro

chloric acid gas.
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Free Hydrocyanic Acid is the result of the direct union of

carbon and hydrogen with nitrogen at the high temperatures

used in coking, so that a portion of the total nitrogen of the

coal is thus changed , and not recovered as ammonia.

Treatment of Ammonia Liquor. — Although ammonia

liquor is thus shown to be such a complex solution, fortun

ately all the compounds are amenable to one form of treatment.

When the liquor is brought into contact with milk of lime

( chemically calcium hydrate ), all the ammonia is driven off in

the form of free ammonia, or ammonia gas. This reaction is

brought about in the “ stills ” which are fully described in

Chapter XIII.

A typical equation for the reaction is as follows:

(NH ) CO + Ca(HO), = CaCO + 2NH, + H2O;

or generally expressed

(NH2), X + Ca(HO), = CaX + n (NH3) + H , O ,

where X represents the acid radicle.

As the terms “ free ” and “ fixed ” ammonia are often used in

speaking of ammonia liquor, it will be well to understand what

is implied by them .

The “ free ” ammonia is that which is given off from the

liquor by boiling only , without the addition of an alkali or base ,

such as soda or lime.

The “ fixed ” ammonia is that which is not driven off by

simply boiling, unless an alkali or base be present in moderate

excess. In the “ stills ” of a recovery plant lime is used. This

causes the decomposition of the whole of the ammonium com

pounds,and the liberation of all the ammonia in the free, gaseous

condition , ready for absorption in the sulphuric acid , when it

again becomes “ fixed ” and converted into ammonium sulphate.

Valuation of Ammonia Liquor. — An approximate idea of

the strength of ammoniacal liquormay be obtained by means of

a Twaddell or other similar hydrometer, but to ascertain the

exact amount of ammonia present a chemical test is necessary.

An estimation of the total ammonia is usually made, that is
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the free and fixed together, and this is done in the following

manner :

Having obtained a representative sample, 10 cubic centi

metres are measured off and transferred to a small flask , to the

neck of which a rubber stopper has been previously fitted .

Through this stopper is a glass tube, bent twice at right angles

and connected to a bulbed U tube as shown in Fig . 80 . Into

the bulbed U tube is measured 10 c.c. of normal sulphuric

acid , that is, of such strength that each cubic centimetre

contains .049 gram of sulphuric acid or 49 grams per litre.

A moderate excess of a strong solution of sodium hydrate

( caustic soda) is now added to the flask ,

and the stopper quickly replaced, gentle

heat being then applied to the contents of

the flask , gradually increasing it so as to

maintain a gentle boil for about half an

hour. By this means the whole of the

ammonia is distilled over into the acid

with which it combines, forming am

monium sulphate, and neutralising a pro

portional amount of the free acid . It

then remains to carefully detach the U

tube and its contents, and transfer the

solution to a glass beaker or porcelain

basin , the latter preferred , rinsing out

the tube with distilled water several
Fig . 80 . — Apparatus

times, care being taken to avoid any for the Estimation

loss by splashing, & c. It is now neces- of Ammonia.

sary to estimate how much of the acid

has been neutralised by the ammonia which has passed into

it. This is done by adding two or three drops of a solution of

methyl orange to the liquid in the basin and then adding care

fully a normal solution of sodium carbonate or hydrate until

the pink colour of the solution is changed to yellow . The

end reaction is very distinct and indicates exactly when the

remaining excess of acid has become neutralised by the

standard solution of soda. Each cubic centimetre of normal

sulphuric acid neutralised by the ammonia which has been

liberated from the 10 c.c. of ammoniacal liquor, represents

•017 gram of ammonia (NH2).

W
S
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An example of the figures in an actual test will no doubt

make the process more comprehensible.

1010 с . C . H . SO 4
N

- originally used in U tube.

3 c.c.
N

3 c. c .
NaHO required to neutralise after distillation is complete.

10 – 3 = 7 c.c. - neutralised by the ammonia from

· H ,80,
10 c.c .

of ammonia liquor,

and each c.c. sulphuric acid neutralised = .017 gram ammonia (NH,).

. : 7x :017 = 119 gram ammonia from 10 c.c. of ammonia liquor,

and hence 1.19 per cent, ammonia (NH ,).

If it is desired to estimate the free ammonia and the fixed

ammonia in a liquor, separately , a measured quantity is taken

as before, and distilled over into a known volume of standard

acid , without ailding sodium hydrate to the solution in the flask .

On titration with standard soda as before, the figure obtained

gives the free ammonia only . This amount deducted from the

total ammonia , as determined by a separate test, represents the

ammonia in the fixed condition .

Concentrated Liquors. — In many plants , instead of recover

ing the ammonia in the form of sulphate, it is concentrated in

the form of liquor and sold as such. The strength of such

liquor varies from 15 to 20 per cent.

The liquor may be tested by the hydrometer as to its

strength ,but it is preferable again to use a chemical method.

It is found that with fresh liquor it is sufficiently accurate to

titrate direct with normal sulphuric acid , that is without having

to distil with caustic soda. If, however , the liquor is a few

days old it is necessary to distil with soda into normal acid as

described in the testing of ammoniacal liquor, otherwise too low

a result is obtained. In dealing with a liquor so strong as

concentrated liquor usually is, it is either necessary to determine

its specific gravity by means of the specific gravity bottle (see

page 22), or to actually weigh the liquor used in the estimation.

This latter is preferable, and may be carried out as follows.

Weigh a small conical glass flask containing a few cubic

centimetres of distilled water, then add about 5 c .c. of the con
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centrated liquor whose strength is to be determined, and weigh

again , having stoppered the flask up with a cork and rubber

tubing on which there is a spring clip . By this means, the

weight of the liquor used is ascertained. This is then dis

tilled with excess of caustic soda into about 50 or 60 C.C.

of normal sulphuric acid , carefully measured of course .

Gradually warm up the flask and contents and distil at a brisk

boil for about twenty minutes. Each cubic centimetre of

normal sulphuric acid neutralised represents .017 gram of

ammonia (NH ). It may be explained that when dealing

with an ordinary ammoniacal liquor, say of 1:0 to 15 per

cent. strength , it is sufficiently accurate to measure the 5 or

10 c.c. taken for analysis, and to take it that this volume

weighs 5 or 10 grams, as the case may be. But in a highly

concentrated liquor containing from 16 to 20 per cent. of

ammonia it would be misleading to do this and consequently it

is necessary to weigh the portion taken , or to determine the

specific gravity of the liquor and from that calculate the weight

of any measured volume dealt with .

Estimation of Total Sulphide in Liquor. — The principle

of this estimation is based upon the fact that when a solution of

zinc chloride (ammoniacal) is added to the ammonia liquor the

sulphides are precipitated as zinc sulphide. The solution is

boiled up, and after settling , the precipitate is filtered off and

washed several times with hot water, and finally titrated with

a standard solution of iodine, decinormal strength , whereby the

amount of sulphur in the form of sulphide is readily calculated .

Every 97 parts of zinc sulphide are equivalent to 32 parts of

sulphur or 34 parts of sulphuretted hydrogen.

An example of this method is given in the Chief Inspector's

Forty-second Report on AlkaliWorks,to the LocalGovernment

Board .

Estimation of Sulphuretted Hydrogen in Liquor. — This

estimation is made by boiling a measured volume of the liquor

and absorbing the sulphuretted hydrogen which is thus driven

off, in a solution of either a lead, copper, or cadmium salt, & c.

The metal is precipitated as sulphide, and may be then, after

filtration and washing, titrated with a standard solution of
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iodine,or may be oxidised by means of bromine and precipitated

in the form of barium sulphate - comparemethod for estimation

of sulphur in coal and coke, page 25.

• The authors have used an ammoniacal solution of cadmium

nitrate, and find the precipitate of sulphide thus obtained very

workable , and can be titrated with iodine, in acid solution , or

oxidised to sulphate as described, giving accurate results.

The same apparatus may be used as that in which the

valuation of ammonia liquor for ammonia is carried out. (See

sketch .) 10 c.c. of the liquor is usually sufficient to work upon .

Estimation of Carbon Dioxide. - Portion of the ammonia

in ammoniacal liquor exists in the form of carbonate, and this

may be estimated by making use of the following reaction :

CaCl, + (NH4),CO3 = CaCO3 + 2NH4Cl.

That is, by adding a solution of calcium chloride to the liquor,

the carbonate of ammonia becomes changed into the insoluble

carbonate of lime, which may then be separated by filtration ,

washed, dried and ignited to oxide, or titrated with standard

hydrochloric acid , when

CaCO3 + 2HCI = CaCl, + H ,0 + CO.,,

which denotes that every 100 parts by weight of calcium

carbonate will neutralise exactly 73 parts by weight of hydro

chloric acid , and consequently by estimating how much acid

is neutralised by titration , the amount of calcium carbonate is

determined. Every 100 parts of calcium carbonate are equiva

lent to 44 parts of carbon dioxide.

If the carbonate be ignited to oxide of calcium and the

latter weighed, every 56 parts by weight represent 4 + parts

of carbon dioxide.

Both methods give accurate results. The volumetric one

is well exemplified in the Chief Inspector's Report on Alkali

Works for the year 1905.

Estimation of Hydrocyanic Acid in Liquor. — This is done

by distilling a measured quantity , 50 c.c. usually , into a solution

of caustic soda of semi-normal strength — 20 grams per litre.

It is necessary to add a moderate excess of lead nitrate
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solution before distilling, to the liquor in the flask , the object

being to retain the sulphuretted hydrogen , in the form of lead

sulphide, which would otherwise interfere with the titration of

the distillate . The hydrocyanic acid becomes converted into

sodium cyanide. It remains now to add to this solution a few

crystals of potassium iodide as an indicator, and to run in a

measured quantity of standard silver nitrate solution until the

liquid becomes just cloudy or opalescent. This indicates that all

the cyanide present has become converted into the double

cyanide of sodium and silver, and that silver iodide is beginning

to form , causing the opalescence . Each cubic centimetre of

decinormal silver nitrate used represents .0054 gram hydro

cyanic acid .

Typical examples of tests of ammoniacal liquor for carbonic

acid , hydrocyanic acid , ferrocyanide and thiocyanate, sulphide,

thiosulphate and sulphite , sulphate, total sulphur and chloride

are given in the Report of the Chief Inspector on Alkali Works

to the Local Government Board for 1905. In this and other

Reports to the Local Government Board will be found the

results of a very considerable amount of time and care, which

have been expended by Mr R . Forbes Carpenter and Mr

Linder, in investigating and developing the best and most

reliable methods for the analysis of ammoniacal liquors.



CHAPTER XIII.

WORKING UP OF AMMONIACAL LIQUOR.

Working up of Ammoniacal Liquor.— The ammoniacalliquor

from cokeworks may be dealt with in two ways. It may be

converted into sulphate of ammonia by combination (under

certain conditions)with sulphuric acid , or by a simple process

of distillation and condensation may be converted into concen

trated ammoniacal liquor. In the former method the principle

may be briefly described as follows: — The ammoniacal liquor

LIME

ISteam

Fig . 81. - General Type, Sulphate of Ammonia Plant.

is brought into contact with live steam and milk of lime. The

free ammonia (see page 98) is expelled by the action of the

steam alone, but the fixed ammonia requires the presence of

a stronger base, such as lime, for its expulsion. The ammonia

passes forward with this steam , and bubbles through a bath

of sulphuric acid . The ammonia combines with the sulphuric

acid (the chemical reaction giving off considerable heat),

2NH2+ H2SO , = (NH4)2SO4,and the steam passes through,being
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condensed in some form of cooler. The sulphuric acid ulti

mately becomes neutralised by the ammonia , and crystals of

sulphate of ammonia are formed . These crystals are collected

by various means, and, after being dried , form the sulphate of

ammonia of commerce. The

general type of plant is shown

in Fig. 81. C , D , E is the am

monia still. The liquor is fed

into the still at the top, after

a preliminary heating by the

waste gases of the saturator G .

This preliminary heating is

brought about in the super

STEAM heater B, usually of the multi

tubular type, the liquor enter

Fig . 82.-- " Wilton ” Still. ing at the bottom and leaving

the top at a temperature of

about 90° Cent. The heated liquor passes on to the still, which

is divided into a series of compartments, as shown in Fig. 82

(a section of a “ Wilton ” still, by the Chemical Engineering

Co.). The liquor overflows from one compartment to another ,

T
O

Fig . 83. - Saturator.

taking the course shown by the dotted arrows. Steam enters

at the bottom of the still, and is directed through the liquor

in the several compartments by the hoods A , taking the

direction shown by the plain arrows. The edges of the hoods

are serrated to obtain an intimate contact between the steam
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and the liquor. About half-way down the still, the milk of

lime is added, a compartment being deepened in some cases,

as in Fig . 81, to ensure an efficient mixing of the lime and

ammoniacal liquor, or preferably the mixing may be done in

a separate vessel, as in Fig. 81, A , the liquor in the latter case

passing from the upper portion to the mixing chamber and back

to the lower portion of the still. In either case the liquor,

. FIG . 84 . - Self-Discharging Saturator.

mixed with milk of lime, is deprived of the whole of its

ammonia, and leaves the still at the bottom as “ waste liquor.”

The waste liquor passes through a seal pipe or regulator in

order to maintain a sufficient pressure of steam , and the solid

matter is deposited in settling pools. The ammonia vapour and

steam are conducted to a “ saturator,” in which the ammonia

is absorbed. The various types of saturator are shown in Figs.

83, 84, and 85, and the first type (Fig . 83) is a sketch of a
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MADE & ERECTED FOR

THE COAL DISTILLATION CO .

WATK MAIN COLLIERY ,

COMBINATION SATURATOR .

FOR HAND FISHING .

STEAM EJECTING .

OR SELF -EMPTYING .

WITH BOTTOM

DISCHARGE VALVE

Fig . 85 . — SATURATOR. (Joseph Taylor & Co.)
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MESSRS.PEASE PARTNERS.

WEST COLLIERIES CROOK .DOUBLE AMMONIA PIPE ,

ACID .

MAN MOLE ,

WASTE GAS ,

COMBINATION SATURATOR

WITH PLATE LEAD WELL & BRANCH

FOR SELF -EMPTVING .HAND -FISHING .

OR STEAM DISCHARGING ,MAY 1903

FIG . 86 . — SATURATOR. ( Joseph Taylor & Co.)
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saturator made by Joseph Taylor & Co.,of Bolton. This is of a

simple but substantial type ,beingmade of solid plate lead. The

ammonia vapour is conducted by means of a “ blow -pipe ” B,

consisting of a perforated lead pipe, through the acid in the

chamber A. The crystals, as they are formed, fall to the fishing

well D , and are collected by perforated copper scoops.

The blow -pipe is kept clear of sulphate by steam from a

small perforated pipe E ,which blows the sulphate towards the

well. In the larger sizes of saturators in this type the sulphate

JB

KUA

Fig . 87. - “ Wilton ” Saturator.

is raised by a “ Wilton ” discharger, similar to the one shown in

Fig .87. The saturator shown in Fig . 84 is of the self-discharging

type, and is well adapted for larger outputs. The chamber A

is usually of cast iron , lead lined. The blow -pipe is shown at

B , and the condition of the “ boil ” of the saturator may be seen

through the lead seal D . The sulphate, as formed, is run off by

means of the valve at E on to a draining table direct, or into

the travelling skips G . The “ Wilton ” saturator (Fig . 87) is of

the enclosed type. The principle can be easily understood from
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the drawing. The sulphate in this case is elevated by the

discharger on the ejector principle , the steam inlet being

shown at E . The sulphate from this saturator is usually run

in a creamy consistency direct into a “ Wilton ” centrifugal

drying machine (Fig. 88 ). This consists of a basket made of

perforated copper and attached to the spindle K . The basket ,

after being filled with the wet sulphate , is driven at considerable

speed by a steam engine or electric motor. The liquor is thus

driven by centrifugal force to the perforated sides of the basket
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FIG . 88. — Centrifugal Drying Machine.

and passes through. This liquor is then caught by a lead casing

B , flowing out at E , either to a mother liquor well or, more

usually, back into the saturator. The sulphate is left in the

basket in a very dry state, and on lifting the valve c (loose on

the spindle) passes through openings d into a shoot. From this

it may be wheeled into the storage bins, or carried by elevators

of the scraper type shown at F.

The working of the saturators is as follows: - The bath is

first made up of a mixture of sulphuric acid and water, in

such proportion as to show a specific gravity of 72° Twaddell.
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After the first bath mother liquor is used instead of water, or

along with it. As the acid in the saturator takes up the

ammonia, the reaction tends to keep up a good “ boil.” A good

boil is really essential in the making of salt of satisfactory

quality, and sufficient steam should be kept on the ammonia

still to keep the superheater fairly warm . At the same time

the overflows of the still must be kept clear to prevent priming

or carrying over of the liquor into the saturator. As the process

of absorption continues,the specific gravity of the bath becomes

lower, and at about 60° Twaddell crystals begin to form , and

shortly afterwards, the sulphate must be fished out or run off.

If the bath were kept in this condition for any length of time,

the acid would become completely neutralised , losing the power

of absorption , thus giving rise to loss of ammonia as well as dis

coloured sulphate. As soon as the bulk of sulphate has been

extracted, the bath is brought up to the original strength with

fresh acid and mother liquor. The waste gases from the satura

tor consist of steam , sulphuretted hydrogen, carbon dioxide, and

cyanogen . This steam is condensed in the superheater and in

condensers (either serpentine or of themultitubular type ), and

brings down with it a portion of these noxious gases. This

liquor, appropriately called “ devil liquor,” is usually pumped

back into the still. An analysis of this liquor gave :

Ammonia - - - - *068 gram per 100 c .c.

Free hydrocyanic acid - 016 ,
Fixed hydrocyanic acid •86 ,

Free sulphuretted hydrogen ·0053
Total sulphides - - - 4 :78

Most of the sulphuretted hydrogen , carbon dioxide, and

hydrocyanic acid pass on and form a source of danger in the

atmosphere,unless efficiently treated in someway. An approxi

mate composition of the gas is :

Sulphuretted hydrogen - 2:0 per cent.by volume.

Hydrocyanic acid - - 2 :0

Carbon dioxide - - - 820 ,

Nitrogen - - - - 140 , ,

Should the saturators not be working efficiently from any

cause, some ammonia will escape them and be contained in this

waste gas, which means loss and contamination of the sulphur

if recovered in a Claus plant.



CHAPTER XIV.

TREATMENT OF WASTE GASES FROM SULPHATE PLANTS.

SULPHURETTED hydrogen gasmay be dealt with in several ways.

At some works it is burnt, and the sulphur dioxide thus pro

duced , used for the manufacture of vitriol. At others, the gases

are passed through purifiers containing layers of bog ore or

oxide of iron , alone or mixed with sawdust, which takes up the

sulphur and some of the cyanide. The sulphuretted hydrogen

in passing through this material is decomposed,its sulphur being

taken up by the iron oxide forming sulphide, thus:

Fe,O2,H ,0 + 3H , S = Fe,8z + 41 , 0 .

Bog Ore +
Sulphuretted - Ferric

Hydrogen

Also,

Fe,02, H , O + 3H , S = 2FeS + S + 4H , O .

Bog Ore + Sulphuretted - Ferrous
Hydrogen = Sulpbide + Sulphur + Water.

When the bog ore becomes highly charged with sulphide it

is exposed to the action of the atmosphere to “ revivify " it .

This comes about by the action of oxygen, thus:

397

Sulpbide
Water.

392

Ferrous Free

Fe, S, + 30 = Fe,O , + 3S.
Ferric Ferric Free

e
Sulphid + Air = Oxide + Sulphur.

Also,

2FeS + 30 = Fe,0 + 2S .
Sulpbide + Air = Ferric + FreeFerrous + Air '= Oxide + Sulphur.

This revivified material, consisting of ferric oxide and free

sulphur, is used over and over again in the purifiers until it

becomes charged with 60 to 70 per cent. of sulphur, when it is

disposed of generally to vitriol manufacturers for the production

of sulphuric acid .
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The problem of dealing with the waste gas comes under the

control of His Majesty's Inspectors under the Alkali Act,and it

was acting upon the instructions and experience of Mr Herbert

Porter, the district inspector, that a Claus plant was erected

as the best practical means. This plant (together with the

sulphate of ammonia plant) works in connection with the

Semet-Solvay ovens of the Wigan Coal and Iron Company. The

plant is simple, and with a reasonable amount of attention ,

gives very good results. Bymeans of this process the sulphur

is recovered in the solid form . The essential parts of a Claus

plant are shown diagrammatically in Fig . 90.

The waste gases pass first through a coke tower A to remove

any excess of moisture , thence into the Claus kiln proper, B .

This kiln is filled to a depth of about 3 feet with lumps of

iron ore, the bottom layers being in good-sized lumps 3 or

A
M
I
I

Fig . 90 . — Claus Plant for Sulphur Recovery from Waste Gases.

4 inches in diameter , the middle layer rather less , and the

top layer of still finer lumps, finished off with a coating of bog

iron ore such as is used in the purifiers. The whole is sup

ported on iron grids so as to allow a free passage of the mixed

gases through the mass. The principle upon which the reaction

in the kiln is based , is that when sulphuretted hydrogen is

mixed with a certain volume of air — usually about 10 per cent. is

required — and heated to a certain temperature, the following

reaction goes on :

H , S + 0 = H ,0 + S .

The initial heat requisite to start the above reaction is sup

plied by a few shovels full of hot coal or coke put in through

the top of the kiln , and, once started , the heat is easily main

tained by the catalytic action between the oxide of iron and the

mixture of sulphuretted hydrogen and air. The heat is con
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tinuous if the proper relative proportion of these gases is

regulated, and this is not at all difficult. If too much air is

going in there will be indications of sulphur dioxide which can

be recognised by its action on litmus paper. Naturally this

means loss of sulphur, as well as the cooling action on the kiln .

2H ,S + 30 , = 2802 + 2H ,0 .

Again , if the air supply is deficient, a portion of the sul

phuretted hydrogen passes through the oxide without decom

position and may be detected by means of paper soaked in a

solution of lead acetate. The slightest trace of sulphuretted

hydrogen turns this to a brownish black colour at once, owing

to the formation of lead sulphide. The gases may be con

veniently tested at two points — one near the kiln , the other

near the base of the limestone tower D , through suitable holes

left in the brickwork , fitted with wooden stoppers.

When the kiln is working satisfactorily and the reactions

going on properly, it is generally found that there are indica

tions of both sulphuretted hydrogen and sulphur dioxide. These

gases react in presence of each other thus:

1080, + 10H , S = 58, + 8H ,0 + 2H ,S,06.

The sulphur thus set free is in an extremely fine state of

division , and the milky eflluent from the limestone tower is

due to this finely divided sulphur in suspension, and which has

most probably been produced by practically the same reaction

as above, i.e., by the interaction of sulphuretted hydrogen with

either gaseous sulphur dioxide or a solution of the sulphite .

The reaction is also interesting because it most probably

represents that which takes place in nature on a large scale ,

resulting in the deposits of native sulphur usually found in

volcanic districts. Both sulphuretted hydrogen and sulphur

dioxide are present in volcanic gases. After reaction and

deposition of sulphur the remaining gases pass on and upwards

through a tower 1 ,which is loosely packed with lumps of lime

stone, over which a trickle of water is fed from a spray at the

top of the tower. This is to neutralise any acidity due to any

sulphur dioxide which may remain in the gas. From the tower

D the gases are led through purifiers E to remove remaining

traces of sulphuretted hydrogen and cyanides.
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The sulphur deposited in the first chamber next to the kiln

is practically all first quality, and runs down in the molten con

dition. It may be either run off in this state or allowed to

accumulate until a mass 5 or 6 feet deep and weighing 18

to 20 tons is obtained. The sulphur in the later depositing

chambers is often found in beautifully crystalline forms,hanging

from the roof like stalactites, also in a very fine condition and

usually containing a fair amount of moisture . It is quite pos

sible to obtain a product containing 90 to 95 per cent. sulphur,

the remainder being moisture, with a trace of ammonium car

bonate and sulphate, probably produced by oxidation of the

sulphite . It is used by acid makers in the manufacture of

brimstone vitriol. In addition to those reactions resulting in

the deposition of sulphur there are others going on in the kiln .

The formation of pentathionic acid by the interaction of

sulphur dioxide and sulphuretted hydrogen leads to the produc

tion of pentathionates, whilst thiosulphates are also formed

owing to the action of free sulphur on the sulphites.

Mr R. Forbes Carpenter and Mr Linder have made most

thorough and valuable research with regard to the reactions

taking place in the Claus kiln . The results of their investiga

tions are given in detail in papers read before the Society of

Chemical Industry in March 1903 and June 1904 , and they are

recorded in minute detail in the Journal of that Society .

They proved that hydrocyanic acid reacts with steam , pro

ducing ammonia, thus :

HCN + H2O = NH + CO,

and that this conversion took place when a mixture ofhydro

cyanic acid and carbonic acid was passed through highly heated

contact material, and further that the percentage was increased

when sulphuretted hydrogen was present. This accounts for

the presence of ammonium salts in the recovered sulphur, over

and above that which is due to ammonia having escaped the

saturators. The Claus plant, therefore, not only is a means of

sulphur recovery, but also of purifying the exit gases to some

extent from the excessively dangerous hydrocyanic acid . Some,

however, remains, and the characteristic smell of cyanide is

very noticeable when the kiln is cleared out. When necessary

to close down the plant for cleaning it ismost necessary to allow
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ample time for the gases in the chambers to diffuse out by

opening the brickwork about two days before the workmen are

allowed to enter ; even then every precaution must be taken , as

the gaseousmixture hangs about the walls very tenaciously , and

is most deailly . A good quality of recovered sulphur should

have an approximate analysis as follows:

Moisture - - - - - 3 to 5 per cent.

Ammonia , calculated as carbonate 3 to 4 9

Mineralmatter, non -volatile - 1

Sulphur - - - - - 90 to 93 ,

The second - grade quality contains more moisture and

ammonium salt. The ammonia may be determined indirectly

by estimating the loss on washing the sulphur with water , or

more accurately by distillation with sodium hydrate into normal

sulphuric acid . The sulphur may be taken by difference after

careful estimation of all impurities. It may also be extracted

by carbon disulphide, in which case any amorphous sulphur will

be unacted upon . The mineral matter, other than sulphur, is

that which remains after burning away the sulphur as com

pletely as possible.



CHAPTER XV .

VALUATION OF AMMONIUM SULPHATE — MANUFACTURE OF

CONCENTRATED AMMONIACAL LIQUOR.

The Testing and Valuation ofAmmonium Sulphate . This

bye-product, if reasonably pure, is white in colour. In some

instances, owing to various defects in the methods of its

recovery , the salt is blue, and more rarely brown. In the

majority of cases, especially with blue salt, the value is

much depreciated on account of colour, but in a few instances,

generally with Chinese traders, a brown to black salt is insisted

upon, and consequently to meet this requirement a white salt

is mixed off with some dark colouring matter to give the

desired effect. This, of course, lowers the percentage of

ammonia .

Sulphate of ammonia, when absolutely pure and dry , con

tains 25.75 per cent. of ammonia (NH ). The bye-product from

coke manufacture, if well made, ought to contain 24.5 to 25

per cent. The salt as usually produced contains also a certain

amount of moisture, which varies from about •5 to 2:0 per cent.

In addition to this,there is always more or less “ free acid ” in

the salt. This ought not to exceed •5 or 6 per cent. If the

amount is much more than this it is most likely to cause

trouble when the material is loaded up in sacks for transport,

owing to the action of the acid on the sackcloth , which even

tually causes the bottom of the sack to give way entirely. This

is the more likely if at the same time the salt is abnormally

wet. The terms of contract for a supply of this material

usually stipulate that there shall be a minimum of 24 per cent.

of ammonia , and that the salt shall be free from cyanide, by

which is meant the ferrocyanide which causes the blue colour.

The estimation of ammonia in sulphate may be made in the

same apparatus as that in which the liquor is tested,and the
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principle of the test is the same, namely , that the sulphate, of

which a weighed portion is taken, is decomposed by the addition

of sodium hydrate, its ammonia liberated in the free condition

as NHg,which is passed into a measured quantity of a normal

or standard solution of sulphuric acid . From the amount of

acid neutralised a measure of the ammonia is obtained, each

cubic centimetre of normal sulphuric acid neutralised repre

senting .017 gram of ammonia (NH3).

An example of an actual test is as follows :— 5 grams of

the sulphate were dissolved in water and diluted to 500 cubic

centimetres in a flask. After thoroughly mixing, 25 C.C .

were taken out by means of a pipette , and transferred

to the distillation flask . This portion therefore contained .25

gram of the salt. A moderate excess of sodium hydrate being

added, the distillation was gradually carried on for about three

quarters of an hour into the bulbed tube containing 10 C.C .

normal sulphuric acid . When all the ammonia was over,

the u tube was detached , and its contents rinsed into a

porcelain basin and titrated with a normal solution of soda,

6 :35 C.C . being required to neutralise the remaining acid .

Hence the acid neutralised by the ammonia liberated from •25

gram of the salt = 10 :0 – 6 .35 = 3.65 C.C., and 3.65 x .017 = :062

gram NH,

That is, .25 gram contains :062 c C .

1:00 •248, or 100 contain 24 :8 c.c .

That is, 24:8 per cent. ammonia in the salt.

The amount of moisture in sulphate may be determined by

weighing off 5 or 10 grams, and drying in a water bath at a

temperature of 100° Cent. for about two hours until the weight

becomes constant. The loss represents moisture .

The free acid present is determined by dissolving 5 grams

of the salt in distilled water, adding a few drops of methyl

orange solution and titrating with standard soda. If great

accuracy is necessary, it is advisable to use decinormal soda,

that is, one-tenth the strength of the normal, or ·004 gram

hydrate per 1 c.c.

The Formation of Blue Salt. — As previously mentioned,

the occurrence of blue salt is not uncommon under certain work

ing conditions, and much time and thought have been spent in
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endeavouring to prevent its formation , more particularly

because the colour affects the marketable value.

The cause of the blue colour was not very difficult to

diagnose. It evidently arose from the presence of a ferrous

salt and a ferrocyanide in the saturator liquor. The presence

of the iron salt could be accounted for in several ways. For

instance, it might be originally present in the sulphuric acid

used to absorb the ammonia, or the acid might have come in

contact with iron or steel in some part of the plant, but the

presence of ferrocyanide was not so easy to explain . For those

who are interested sufficiently in the matter, reference may be

made to the Report of the chief Alkali Inspector to the Local

Government Board , 1905 , in which Messrs Linder, Young, and

Sutton record their research and observations. It is the

experience of the authors that local alkalinity in the saturator,

due to a defective blow -pipe, for instance, may be one cause ,

and that certainly the bath ought always to be kept on the

acid side, at the same time the temperature must be kept up

by steam . Under these conditions blue salt is practically

impossible.

The Formation of Yellow Salt. — This is undoubtedly due

to the presence of arsenic sulphide. It is not produced so

commonly as the blue salt. The arsenic is derived from the

sulphuric acid used , and therefore it is necessary to examine

the acid for arsenic .

The sulphuric acid used in the production of sulphate of

ammonia should be practically free from impurities, especially

iron , arsenic, and total solid residue, principally lead sulphate .

The amount of total solids can be readily ascertained by

evaporating a measured quantity in a weighed platinum dish

— this should be done in a good draught cupboard _ and finally

heating up to dull redness in the gas muftle, or over a good

Bunsen flame. If theamount of solid residue is excessive, the

quality of the sulphate suffers.

The iron may also be conveniently estimated in this residue

by digesting it with concentrated hydrochloric acid until all the

iron oxide is dissolved , then either determining volumetrically

by means of potassium dichromate or permanganate, or by
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filtering off any insoluble matter, separating any lead by means

of sulphuretted hydrogen , then precipitating the iron in the

filtrate, after oxidation with a little nitric acid , by means of

ammonium hydrate ,boiling, filtering,washing,and finally after

ignition weighing as ferric oxide . The volumetric method is

much simpler and quite accurate. If the amount of iron is

excessive it increases the likelihood of the formation of blue

salt (see page 120). The arsenic may be readily detected by

Marsh 's test, which depends upon the fact that when nascent

hydrogen is liberated in any solution — as when zinc is added

to dilute sulphuric acid — any arsenic which may be present

comes off as arseniuretted hydrogen . If the gas thus generated

in a flask be conducted through a glass tube drawn out to a jet,

and lighted ,after all the air has been expelled , the arsenic shows

at once on any cold surface held in the flame. A porcelain

dish or crucible lid is most suitable, and a black , lustrous ,

metallic -looking deposit is formed if the slightest trace of

arsenic be present. The zinc used must be specially free

from arsenic. The presence of arsenic in any quantity leads to

the production of yellow salt, due to the formation of sulphide

of arsenic.

An average amountof the above impurities in the sulphuric

acid used is as follows:

Total solids -

Ferric oxide -

Arsenic

-

-

-

-

-

-

-

-

.05 to 07 per cent.

*015 to '035 ,

nil to traces.

The specific gravity usually runs about 1.74, and is generally

used lower in winter than summer.

Manufacture of Concentrated Liquor. — This method of

working up the ammoniacal liquor on coke works is now being

extensively adopted, and in many respects possesses advantages

over the sulphate method. No acid is required, and as no waste

gases are given off, the expense of purification is dispensed with .

The plant as a rule requires very little attention, takes up com

paratively little room , and less labour is required in the working

of it. The principle is very simple, consisting of (a ) distillation

of the coke works liquor, as in sulphate manufacture , and

(1 ) condensation of the vapours produced , and absorption of
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ammonia . A very efficient type of plant, manufactured by

Messrs Brunner, Mond, & Co., is shown in Fig. 91. It consists

of a still K , and a series of absorbing vessels A , B , C, D), E , and a
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cooling vessel F . The vapours from the still pass through the

absorbing vessels, each ofwhich contains about 2 feet of liquid .

Thus the total depth of liquid through which the vapours are

forced is about 10 feet, as opposed to about 2 feet of acid in
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sulphate making. The pressure on the top of the still is thus

higher in the case of concentrated liquor, and provision for this

must bemade in designing the still. In the plant described the

gases from the still pass into the first absorbing vessel A . Here

they are cooled by cooling coils, through which cold water or

(as shown in the drawing) cold weak liquor is run. Thus the

first vessel may be used practically as a superheater. As the

bulk of the condensation takes place in this vessel, a great

proportion of steam is condensed , and the liquor from this

vessel is usually run back into the still through the cock M .

The temperature in this vessel is too high for complete absorp

tion of ammonia, and the gases pass on through the other

absorbing vessels B , C, D , E , in the order named . The tem

perature in these vessels is easily controlled by cooling coils

(not shown in sketch ), and the whole of the ammonia is

absorbed . The gases, if any, from the final absorbing vessel

E pass through a coke tower R , down which a small stream

of cold water runs. This water takes up the last traces of

ammonia or sulphuretted hydrogen , and passes on through

D to C, taking up more ammonia in its passage. It will

ke seen that the liquor from B also flows to c . Thus the

liquor in c is the final liquor, but to avoid loss by volatilisa

tion, the liquor is cooled in vessel F before passing to the store

tank H .

Besides ammonia , carbon dioxide and sulphuretted hydrogen

and hydrocyanic acid are absorbed in the various vessels, and

the final concentrated liquor is really a mixture of ammonium

carbonate, ammonium sulphide, ammonium hydrate, ammonium

cyanide, & c .

The total ammonia in the liquor by the above plant may be

easily brought up to 18 per cent., but it is not advisable to go

beyond this point, as the tendency to crystallise increases

rapidly , and there is danger of stoppages in the pipes, chiefly

through ammonium carbonate . In satisfactory working the

pressures on each vessel should show a gradual decrease to

atmospheric pressure, and the temperatures on the vessels

should also decrease uniformly . The following figures show

an average working :
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Pressures :

Top of still. A .

12. 9 } to 10

B .

77 to 8

C .

5 to 6

D .

3 to 3 }

E .

0 to 1 in . of mercury.

Temperatures :

Top of still. A . B. C . D . E .
100° Cent. 80 to 85° 70 to 75º 50 to 55° 40° Cent. 25° Cent.

Per cent.of ammonia :

B .

10 p. cent. 15 p. cent. 17 p . cent. 13 p. cent. 4 p. cent. NHz.

D . E .



CHAPTER XVI.

RECOVERY OF AMMONIA DIRECT FROM ('OKE -OVEN GAS.

Recovery of Ammonia direct from Coke-Oven Gas. — The

manufacture of sulphate of ammonia or concentrated am

moniacal liquor, as described in the last chapter, requires

rather costly plant in order to thoroughly condense the water

vapours in the gas, and to completely remove the ammonia by

various forms of scrubbers. Attempts have been made to

recover the ammonia by passing the gas directly through a

bath of sulphuric acid . These attempts , in the first instance,

proved unsatisfactory owing to difficulties with the saturator, and

also to the incomplete removal of the tar. However, the tar

may now be completely removed by the modern types of tar

extractors, and by careful control of the temperatures of the

gas, the difficulties connected with a hot acid bath may be

dispensed with . The process for direct recovery of ammonia

from coke -oven gas as here described ,hasbeen recently patented

by the Koppers Coke Oven and Bye-product Company. In this

process the temperature of the gas is so adjusted by a super

heater as to prevent undue condensation of the vapours, which

pass forward directly into an acid bath at a comparatively low

temperature. The plant, as shown in Fig. 92, consists of a

cooler A and water coolers B ,which reduce the temperature of

the gas to about 25° Cent. At this temperature the whole of

the tar can be removed by the tar extractor D , the gas being

circulated by the exhauster C . The gas, freed from tar, passes

through the cooler A , where it exercises a cooling effect on the

hot gases,becoming in itself heated to a temperature of 40°

to 50° Cent. The affinity between ammonia and sulphuric

acid at this temperature is greater than in ordinary sulphate

manufacture (105° Cent.), and a neutral salt is easily produced.

The liquor collected from the coolers and water condensers



SATRATOR CONVEYOR

FOR SULPHATE .

CENTRIFUGAL

DRYER

SULPHATE

[ To face page 126 .





55

- - - -

1
0

a
|

10

Fi
g

.9
3

.- P
L
A
N
T

F
O
R

T
H
E

D
I
R
E
C
T

S
A
T
U
R
A
T
I
O
N

O
F
G
A
S
E
S

.(C
o
a
l

Di
st
il
la
ti
on

C
o

.).



128 COKE MANUFACTURE.

(after decantation from tar) is distilled in the usual way, the

ammonia vapours passing into the gasmain F, and thus into the

saturator. The sulphate is ejected from the saturator and dried

in the usual manner. The sulphate is free from tarry matter,

of good grey colour, and of good quality, as shown by the

analysis :

Moisture

Free acid

Ammonia

-

-

-

-

-

-

-

-

-

-

-

-

1 . 86 per cent.

37

25 :05 ,

There are many advantages attached to this system . In

the first place, scrubbers are dispensed with, and the amount

of cooling water is greatly reduced. The amount of liquor

requiring steam for distillation is less than half the usual

amount, and the quantity of waste effluent is correspondingly

reduced. The purification of the waste gases from the usual

sulphate plant is avoided. It may be stated that, owing to

the low temperature in the saturator, the valuable hydro

carbons of the gas are not destroyed .

The type of plant recently patented by the Coal Distillation

Company of Middlesborough for direct saturation of gases is

shown diagrammatically in Fig . 93. The gas passes through the

condenser 2 , giving up the greater part of its tar in a condition

free from water. The gas then passes through water condensers

3 and 4 and the tar extractor 5. The tar from 2 and 5 is col

lected in the tank 10a, whilst tar and ammoniacal liquor from

the water condensers are collected in 10 from which the ammo

niacal liquor overflows to tank 11. The jet exhauster 6 draws the

gas through the above portion of the plant, and forces it through

the still 7 and saturator 8. The liquor from 11 is pumped

through the condenser and superheater 9 into the still 7, where

the steam used in the jet exhauster serves a useful purpose

in distilling it. The hot gases containing ammonia vapour,

pass through the saturator 8, the last traces of ammonia being

taken out in the tower extension which is lead -lined and

filled with acid -proof material, down which sulphuric acid

flows. The ammonium sulphate is collected in the usual

manner. This plant also dispenses with the use of scrubbers ,

whilst the amount of steam used is considerably lessened

by making use of the steam introduced in the jet exhauster.
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Complete recovery of ammonia is ensured by use of the acid

scrubber.

The Otto -Hilgenstock Coke Oven Company have also recently

introduced a patent process of sulphate manufacture in which

the gas is passed direct through a bath of sulphuric acid . This

system shows a remarkable improvement in the direction of

economy and simplicity . As shown in Fig. 94, the hot gas

from the ovens is drawn by means of exhausters through a set

of two tar sprays, which remove the whole of the tar from the

gas before any condensation of ammoniacal liquor takes place.

The gases are then passed directly into the saturators, no

cooling whatever being required . The complete removal of tar

ensures a good grey salt. A very important point in this

process is the fact that no cooling water is required . Also no

ammoniacal liquor is produced, as the gases pass into the

saturators at a temperature high enough to prevent any con

densation. Consequently , no lime, or steam , is required for

distillation purposes. At the same time no waste liquors

(requiring settling tanks) are produced, and the annoyance and

trouble in dealing with these are entirely removed . In addition

to these,water condensers, scrubbers, & c .,are no longer required ,

and the total space required is remarkably small in proportion

to the rest of the coking plant. The sulphate from the

saturators is dealt with as described in the last chapter.



CHAPTER XVII.

USE OF SURPLUS GAS FROM COKE OVENS — DETERMINATION

OF HIGH TEMPERATURES.

Surplus Gas from Coke Ovens. — The use of the gas from

coke ovens is now a very important question. All modern

retort ovens give off more gas than is required for heating the

oven. In the “ waste heat ” type of oven the amount in excess

is usually 20 to 30 per cent. of the total production,whilst in

ovens using regenerators this amount is increased to as much

as 50 per cent. With slack containing about 30 per cent. vola

tile matter, the total gas evolved may be taken as 9,000 to

10,000 cubic feet per ton of coal. Thus in ovens using

regenerators there is a surplus of 4,500 cubic feet per ton of

coal, which may be used as follows :

( a) Lighting purposes .

(6 ) Steam raising, by burning the gas under boilers.

(c) Power generation, by combustion in gas engines.

Dealing with the first method , the candle power of coke

oven gas is most important, having regard to the restrictions

imposed by the authorities in this respect. The lighting power

prescribed by Act of Parliament is usually about 14 candles.

The candle power of coke oven gas from an individual oven

gradually decreases from the time of charging to the time of

discharging an oven. Taking the earlier portion of the coking

period, the lighting power of coke oven gas averages 14 to 16

candles, whilst the later portion produces a gas of an average

candle power of 7 to 9 candles. Accordingly , several coke oven

plants in America have adopted a system in which two gas

collecting mains are used - one for the “ rich ” gas given off

during the earlier portion of the coking period , and the other

for the “ heating ” gas given off during the latter portion . The
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“ rich ” gas is led through special purifying plant,and is deli

vered to the neighbouring towns. The “ heating ” gas is used

in the oven flues for carrying on the coking process. The

calorific power of this heating gas averages (with Lancashire

coals ) 500 B . T. U . per cubic foot, enough to maintain quite easily

the necessary flue temperature. Thus,with suitable precautions,

there is a prospect of a combination of coke works and gas

works practice in the near future, whereby good , hard,metallur

gical coke will be produced, as well as gas suitable for lighting

purposes. In taking off rich surplus gas for this purpose the

ovens should be built with all possible care to ensure gas

tightness, and with better arrangements for rendering the doors

air -tight. The gases should be led off from the charge as

quickly as possible to prevent undue contact with the hot sides

and roof of the oven,as this would bring about a splitting up

of the illuminants in the gas. The ovens should be completely

filled or nearly so, in order to reduce the area of red -hot

surface. Coke ovens are now being laid down on the Continent

on the above lines, and the Koppers inclined coke oven (Figs.

95, 96 ) and the Collin oven (Figs. 97, 98) are designed on

the lines of the inclined retorts of gas works practice, whilst

retaining the particular features of each type of oven as regards

the arrangement of flues, & c. The whole question of the use

of coke oven gas for lighting purposes has been dealt with very

fully by Mr Ernest Bury, M . Sc., F .C . S., in a paper read before

the Institute ofGas Engineers in June 1907, the subject matter

of the above paper being in close accordance with the authors '

experience.

The second method has up to recently been largely adopted

with ovens of the waste heat type, the surplus gas being fed

into the boiler tubes through suitable Bunsen burners, the heat

from this surplus gas thus augmenting the waste heat from the

ovens. It has been found, however , that by using the gas in

gas engines the power derived is between twice and three times

the power derived by burning the gas under boilers. Conse

quently the surplus gas has received more attention of late

years,and the gas engine has been adopted by several firms

with a fair amount of success. The difficulties at first met with

on the introduction of the gas engine are being gradually over

come. The tar and naphthalene which interfered with the
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working of the valves are now removed bymore modern ex

tractors and washers. The sulphur compounds, which gave

rise to acid products of combustion, and consequently serious

corrosion , are completely removed by passing the gas through

purifiers, which also remove any particles of dust. The high

proportion of hydrogen in coke oven gas tends to cause pre

ignition ,but this has been largely overcomeby careful attention

to the regulation of the degree of compression of the gas. Gas

engines, to ensure the maximum economy, should be worked

at as steady a load as possible, and the quality of the gas

should be kept as uniform as possible. It is therefore advisable

to use a gas-holder , which also stores the gas evolved in the

night-time to be used in the day -time,when the power required

is usually greater . The following is a brief description of the

plant erected by the Powell Duffryn Steam Coal Company at

Bargoed Colliery, South Wales, in connection with Koppers coke

· ovens.*

The oven plant consists of two batteries of fifty ovens each of

the Koppers type. The gas given off amounts to 10,000 cubic

feet per ton , with a calorific power of 460 B. T. U . per cubic foot,

and of the following analysis :

-

-

-

-

Hydrogen - -

Methane - -

Carbon monoxide

Carbon dioxide -

Ethylene - -

Oxygen - -

Nitrogen - -

63 42 per cent.

23 :14

5 '21

2 :01

•80 ,

:42

5 :00 ,

-

-

-

-

-

-

The illuminating power of the gas is low if used in an

ordinary bat’s-wing burner, but when applied to an incan

descent gas mantle the light is very brilliant. The first gas

engine set laid down was ofthe Nürnberg type of 1,200 B . H . P .

This has worked quite satisfactorily in parallel with steam sets,

and the Colliery Company have since put down a larger set of the

same type to develop 2,400 B .H .P . To provide for fluctuations

in the production of gas, a gas-holder of 300,000 cubic feet has

been erected . The supply of electric power extends over all

* From a paper read before the South Wales Institute of Engineers

by Mr E . M . Hann, M .I. C . E .
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the Company's collieries in the Rhymney Valley, and includes

altogether 170 motors, eleven of which are haulage motors of 50

to 250 H . P . The Company have also installed a gas engine of

the Cockerill type,of650 H .P ., to drive a ventilating fan .

The gas for the above plant is purified by passing first

through the usual bye-product recovery plant and secondly

through oxide purifiers, of which there are two groups. Each

group consists of four boxes , each box 30 feet square by 6 feet

high , containing layers of hydrated oxide of iron on wooden

grids, as in the ordinary method of gas works purification . The

oxide is revivified and re-used (page 114) until it contains about

60 per cent. sulphur. This inixture is then burnt, and the

sulphur converted into sulphuric acid . The waste gases from

the sulphate plant are also burnt in the same furnace, and the

combined yield of sulphur gives sufficient sulphuric acid to

satisfy the requirements of the sulphate house . The tests on

the 1 ,200 H . P . engine, working under full load of 820 kilowatts

with gas of 458 B . T.U ., showed a consumption of 25-533 cubic

feet per hour, or 21:3 cubic feet per B . H .P . hour.

Gas Analysis. — For the analysis of coke oven and other

gases the authors have found the apparatus designed by Mr

Stead to be very suitable . It is illustrated in Fig. 100 .

The reservoir on the left of the diagram contains mercury,

and this is connected with the eudiometer and levelling tube

by means of the U -shaped joint. The eudiometer or measuring

tube is graduated in millimetres, and has platinum wires fused

through the upper portion for the explosion of gaseousmixtures .

The tube of the eudiometer is drawn out at the top to a bore of

about 3 millimetres, and is connected to a three -armed capillary

tube, to which three absorption vessels may be attached (only

one is shown in the figure). The capillary tube is also extended

to the right, and through this the sample of gas is taken into

the eudiometer. It will be seen that by raising the mercury

reservoir , by means of a cord holding a counterweight and pass

ing over pulleys, the mercury will flow into the eudiometer,

and, the tap being opened , any gas or air in the tube will be

completely expelled . The gas sample, or bottle containing the

sample of gas,may now be attached to the end of the capillary

tube, and by lowering themercury reservoir any desired volume
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FIG . 100.- — Stead's Apparatus for Gas Analysis.

may be drawn into the eudiometer for analysis, and the tap

shut off. By means of the levelling tube the pressure is kept
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constant,since it is open to the atmosphere ; and also, by means

of a water jacket round the eudiometer (not shown in the figure),

the temperature is constant, thus avoiding corrections otherwise

necessary. The gas, after measurement, is passed into the

various tubes connected to the three -armed piece containing

various absorbents. It will be readily seen that the gases may

be transferred from one absorbing vessel back to the eudiometer

for measurement, and then into other absorbents as desired, by

manipulating the mercury reservoir. In an analysis of oven

gas the following would be the procedure :

Take a measured quantity of gas, say about 200 cubic centi

metres, into the eudiometer, measuring carefully with the

mercury at the same level in the eudiometer and levelling tube ;

then pass over into one of the absorbing vessels containing a

solution of potassium hydrate , leaving it several minutes in con

tact ; then pass back into the eudiometer for measurement.

The diminution in volume is due to the absorption of carbon

dioxide. The gas is then passed into fuming sulphuric acid or

bromine solution , which absorb olefines and benzines,but before

final measurement any vapours of sulphur trioxide or bromine

must be got rid of by passing over into the potash vessel. The

next absorbent used is an alkaline solution of pyrogallic acid

(pyrogallate of soda ), which takes up oxygen ,and finally cuprous

chloride is used to absorb the carbonic oxide. An extra absorb

ing vessel can readily be attached to one of the three arms, or

detached to be replaced by any special absorbent. The remain

ing gases now consist of marsh gas or methane,hydrogen, and

nitrogen . To determine the two former, they are mixed with a

certain volume of air and an electric spark passed across the

platinum wires in the eudiometer. By this means the methane

becomes converted into carbon dioxide and water and the

hy«lrogen becomes water. There is a contraction in volume

after explosion ,and this is carefully measured , and then the

mixture is passed into the potassium hydrate to absorb the

carbon dioxide, which is measured by the diminution in volume

after several minutes ' contact. It is advisable to take about 20

to 25 c.c. of gas for explosion after removal of carbonic oxide,

& c., by absorbents, and dilute with about 200 c.c. of air free

from carbon dioxide. If oxygen be used the explosion would

be violent enough to burst the eudiometer. The methane,when
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exploded with air, forms its own volume of carbon dioxide,

hence the last absorption represents the volume of methane

present. But in exploding, methane requires twice its volume

of oxygen . Therefore by taking twice the volume of carbon
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FIG . 101. - Junker's Gas Calorimeter , in Section. .

dioxide formed, from the total contraction, the difference is the

contraction due to the explosion of the hydrogen,and two-thirds

of this contraction is due to hydrogen.

The nitrogen is always estimated by difference. An average
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analysis of oven gas from a Semet-Solvay plant is given on

page 152.

The chemical composition of the gas produced by a modern

coking plant has been already dis

cussed. In addition to this it is

important to know its calorific value

or heating power. This may either

be calculated from its chemical con

stituents or, which is far preferable,

subjected to an actual test in some

form of calorimeter. Of these there

are severalkinds,but broadly speak

ing they depend upon the same

principles. The particular instru

ment with which the authors are

acquainted is known as Junker's

gas calorimeter, and is illustrated

in Figs. 101, 102. The principle of

the apparatus is, that the heat

generated by the flame of the gas

under examination, and which is

burnt in a Bunsen burner, is trans

mitted to a current of water flow

ing at a constant rate, and measure

ments are taken of the quantity of

gas burned by passing it through a

smallmeter. The quantity of water

passed through the apparatus is also

measured, as well as the difference

in temperature between the water

coming in and that flowing out. The

gas is burnt in an annular vessel

of copper, the annular space being

occupied by a number of copper Fig . 102. -- Junker's Gas

tubes which connect the top with Calorimeter.

the bottom of the chamber. The

heated products of combustion pass along these tubes in one

direction , and a current of water passes outside them in an

opposite direction . By these means the whole of the heat of

the gases is taken up by the water, after which they pass out
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into the atmosphere. Since the gas contains marsh gas and

hydrogen , steam is produced by their combustion : thus steam

becomes condensed , runsdown to the lower part of the appa

ratus, and is there run off into a graduated vessel and its

volume noted . The whole body of the instrument is enclosed

in an air jacket consisting of a plated copper cylinder, to pre

vent radiation of heat. An example is appended giving the

figures of an actual test :

-

Volume of gas by meter -

Temperature of gas . .

Normal pressure - -

Pressure of gas examined -

Water collected from 6 :5 litres

Water used for cooling . .

Temperature of inlet water -

- » outlet

Increase :

6 ,500 c .c .

22° Cent.

760 mm .

20 mm .

2 c . c .

2 ,770 C .C .

19 :45° Cent.

29:20° ,

-

-

9 .75° Cent.

Then the corrected volume of gas will be

6,500 x 780 273 + 0* 760 * 273 + 22 = 6,170 c.c.

The heat produced is —

2,770 x 9675 ,

6 ,170
= 4 ,377 calories per cubic metre,

less latent heat due to water formed during combustion

60 x 3 = 180

4 ,377 – 180 = 4 ,197 calories per cubic metre.

4 ,197 * •11236 = 471•6 British thermal units per cubic foot.

The Determination of High Temperatures. It is often

desirable, in fact necessary, to ascertain the temperature in the

flues, & c. This may be done in several ways. One very ready

and convenient method is by means of Seger's cones or

pyroscopes. These are made of material consisting of silicates

of varying composition moulded into the form of tetrahedra or

triangular pyramids. By varying the proportions of the in

gredients used in making the cones, it is possible to alter the

temperature at which they fuse. There are some fifty -eight

different mixtures having melting points ranging from 590°



DETERMINATION OF HIGH TEMPERATURES. 143

Cent. to 1,850° Cent. By subjecting a few of these to the

temperature the degree of which it is desired to estimate, and

noting the effect upon them , it is easy to determine, quite

accurately for all practical purposes, what the temperature is.

The Watkin's heat recorders are based on somewhat similar

principles. They consist of blocks of refractory material

with circular recesses sunk in the top face. In these re

cesses are placed small pellets of fusible materials of definite

composition and melting point,the latter having been determined

by means of a standard electrical pyrometer. The illustration

( Fig. 103) shows a small recorder with five recesses ; the gradu

ated effects of the heat to which it has been subjected are very

noticeable . Bymeans of these recorders degrees of temperature

from 590° Cent. to 1 ,870°Cent. may be determined.

Electrical Pyro

meters. — Another means of

measuring temperatures is

found in electrical pyro

meters. One type of these
Fig . 103.

depends upon the use of a
The Watkin's Heat Recorders.

thermo-element constructed

of two rods of different materials which are fused together at

their extreme ends, the other ends having terminals for wire

attachments to a galvanometer. A difference of potential is

produced when these rods are heated , causing a current to flow ,

varying in strength according to difference in the intensity of

the heat. The relation of this current to the temperature has

been determined, and the scale of the galvanometer accurately

divided to read directly in degrees Fahrenheit or Centigrade.

Another type, known as the resistance pyrometer, depends

upon the principle that a heated wire offers more resistance to

the passage of an electric current than a colder wire of the same

dimensions does. The essential part of these instruments con

sists of a fine wire, usually of platinum , which is wound on a

inica frame. As its temperature is increased its resistance

becomes greater, and from the amount of resistance offered

the temperature is determined . The wire is enclosed in a

tube of porcelain , brass or steel, according to circumstances,

and is connected by stouter wires to the indicator. Usually
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they are constructed to give direct readings of temperature in

Centigrade or Fahrenheit degrees.

Thermo-electric Pyrometers are also used . Their action

is based upon the fact that when a junction of two dissimilar

metals is heated , that an electromotive force is developed pro

portional to the difference in temperature between the two ends

of the “ couple.” Themetals forming the “ couple ” are usually

either platinum and platinum -rhodium ,or platinum and platinum

iridium . The electromotive force developed may be measured

directly on a galvanometer or a milli-voltmeter, which has been

carefully standardised to record correct temperature.

Fig . 104. — The Roberts-Austen Pyrometer.

The Roberts -Austen Pyrometer. — A most ingenious and

useful application of this development of an electric current

by means of a thermo-electric couple is found in the Roberts

Austen pyrometer. The apparatus is illustrated in Fig . 104 ,

and consists of two light-tight mahogany cases. The larger

one A contains a D 'Arsonval dead-beat galvanometer, to which

is attached a small mirror. The other case B contains a drum

which revolves by clockwork , one revolution in every six , twelve,

or twenty- four hours as required . Round this drum is fastened

a piece of sensitised paper ( rapid bromide ). When the thermo

couple is heated the current developed passes through the gal
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vanometer ,and deflects themirror in proportion to the intensity

of the current. By means of a mirror and a gas jet, shown at

the side, a ray of light is thrown on to the galvanometer mirror,

and this is reflected back through a slot at the end of A , and

acts on the sensitised surface on the drum in B . The deflection

of the galvanometer mirror varies with the temperature of the

thermo-couple which is placed in the flue or other source of

heat the temperature of which is required , and consequently

any variation or fluctuation is recorded on the bromide paper,

which is developed in the usual way at the end of the twenty

four hours. A scale is also provided in the top of the case A ,

near B, whereby direct reading of the temperature may be taken

at any time, as portion of the light from the galvanometer

mirror is reflected upwards on to the ground glass of this scale

in the form of a thin band of light. By means of clockwork ,

this pyrometer is arranged to record automatically , the tem

perature of three sources of heat during the same period of

time, or any one of six sources of heat may be recorded by

means of switches.

The apparatusmust be keptas free as possible from vibration ,

and is usually fitted up in a laboratory or office, with connecting

wires to the various flues , & c., the intensity of heat in which it

is required to measure .

“ Black Ends ” in Coke. — “ Black ends” have always been

a source of annoyance in biye-product coke manufacture. It

will be seen from the chapters dealing with the construction of

coke ovens in general, that in every case the heating of the

oven takes place along the sides, leaving the ends of the oven

doors exposed to the cooling action of the atmosphere . Ex

perience shows the cooling action to be very considerable ,

and this results in a layer of uncoked material behind the

door, sometimes extending to a depth of several inches, whilst

the coke in the interior of the oven is completely burnt off. In

ordinary practice this “ black end ” is raked off, or allowed

to burn off to some extent, after opening the door and before

discharging the oven . This, whilst it entails a certain loss in

the yield , is not always efficient, and the appearance of an

otherwise good batch of coke is often completely spoiled by
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a relatively small quantity of “ black end.” Recessed doors

have been tried for the purpose of removing the “ black end."

These lessen the output of the oven to some extent,and are only

a partial remedy of the evil. Various fornis of flued doors have

also been used, some of them quite successfully . In one type

(Beach’s Patent) the flue in the door is heated by a gas jet at

*

Fow

WD

Fig . 105. Fig . 106 .

the bottom , the waste products of combustion passing into the

atmosphere at the top of the door. This, whilst quite efficient,

necessitates the use of live gas, and the door now described was

designed to avoid this. In the drawing shown ( British Patent

17,647, Percy , Shaw , & Entwistle ) it will be seen that the waste

heat from the oven flues is made use of, being diverted through
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the bridge pipes El and E by partially closing the sole flue

damper F. Another modification of this patent is simpler in

action, requiring less apparatus and less alteration in the oven

fabric. This consists in having only one flue of oval section

down themiddle of the door. The upper end of this flue has a

direct connection to the interior of the oven A (Fig. 108 ), whilst

the lower end is con

nected by the bridge

pipe to the sole flue F.

In this case only one

bridge pipe is required.

The bridge pipe is only

coupled to the door

during the last stages

of the carbonising period

when practically all the

gases have been ex

hausted from the charge,

and only the portion

immediately behind the

door is uncoked. The

heated products of com

bustion from the oven ,

assisted by the chimney

draught, soon heat the

door, and it has been

found that the last hour

is sufficient to carbonise

the ends of the charge

completely. Thus the Fig . 108.

loss of bye - products

is reduced to a minimum , and an advantage is gained by

diverting the hot gases of the oven to the boilers or re

generators,avoiding unnecessary heating of the hydraulic mains,

& c., and a consequent increase in the amount of cooling water

used in the condensing plant. The illustration shown repre

sents the latter type of flued door.

ZUM
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Fig . 109.



USEFUL TABLE S.

Miscellaneous Specific Gravities.

um

13:6

Platinum - -

Gold -

Mercury

Lead . - .

Copper

Nickel - -

Iron .

Tin . .

Zinc - -

Aluminium -

Felspar -

Pyrites from coal-

Native sulphur -

- 21: 5 | Boxwood - -

19.3 Asbestos -

Bricks- -

. 11: 4 Portland cement -

8 .9 Slate - - -

- 8 . 8 Glass . .

7 .8 ! Indiarubber -

Coal-tar

Earth

Granite -

2: 4 to 2.6 Quicklime -

1 :1 , 4 : 3 Limestone -

- 2:07 |

- 1 :15

- 3.07

1.8 to 2: 4

. 1:76

2.5 to 2. 9

2 .5 , 3.5

- 9

- 1 .01

1 . 1 to 1 .7

2 .66

•85

2 . 2

7 . 3

Melting Points.

Wrought iron . 1,550° Cent. Aluminium

Nickel - - 1 ,500 , Zinc - -

Steel - - 1,375 , Lead - -

Cast iron 1,000 to 1, 200 Tin . .

Copper . - 1,100 Mercury -

-

-

700° Cent.

412

326

230

- 39 ,-
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English Equivalents of Metric System Units, & c.

1 metre . . = 39:37 English inches.

1 kilogram (kilo ) - = 2. 20 pounds.

1 litre (cub. decimetre) = 1 .76 pints or 61:02 cubic inches.

gram - - - = 15 : 13 grains.

1 gallon of water weighs 10 lbs. . : 224 gallons = 1 ton .

1 cubic inch - - = 16 :386 cubic centimetres.

1 cubic centimetre = '061 cubic inch.

1 oz.avoirdupois - = 28-35 grams.

= 453:59 ,

1 ton - - = 1016•0 kilograms.

1 cubic foot - = 28 , 317 cubic centimetres.

1 inch - = 25 .4 millimetres.

1 gallon = 4 :543 litres.

1 , - - = : 16046 cubic foot or 277. 27 cubic

inches.

1 cubic foot . = 6 .23 gallons.

1 gallon per minute = 9 .627 cubic feet per hour.

1 litre - - = .0353 cubic foot.

1 „ . . . = '22 gallon .

1 lb .

85 lbs.

Weight of 1 Cubic Foot of Material (approx.).

Coal (stored ) - - 54 lbs. | Earth . .

, (disintegrated slack ) Brickwork -

Coke - - Concrete -

„ breeze - Water

Lime - . Tar - . - .

Bog ore - - - 54 , Pitch - . -

4
0

65 ,,

70 ,

Heat Units.

The British Thermal Unit (B . T . U .) is the quantity of heat
required to raise 1 lb , of distilled water 1° Fahr.

The Calorie or French unit of heat, also called the Large Calorie ,

is thequantity of heat required to raise 1 kilogram of water through
1° Cent.

The Small Calorie is the quantity of heat required to raise
1 gram of water from 0° to 1° Cent.

The Pound-Centigrade Unit is the quantity of heat required to
raise 1 lb , water from 0° to 1° Cent.

Consequently 1 British Thermal Unit is equivalent to 252

large calories, or 252 small calories, or •555 pound-centigrade

units.
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Calorific Values of Various Substances calculated from their

Chemical Composition .
B . T . U. per Lb.

Carbon burning to carbon dioxide - 14,650

Coal 000 to 15 ,000

Tar - - - - - - - - 14 ,000

Coke - 13,500

Peat - - - - - - 5 ,500 to 8,000
Sulphur . 4 ,000

Wood - . 5 ,000 to 8,000

1 cubic foot of Ammonium Sulphate weighs approximately 50 lbs.;

1 cubic yard about 121 cwt.

1 ton of Sulphate requires about 19 cwt. of sulphuric acid for
its manufacture,

Conversion of Thermometer Degrees.

° Cent. to ° Fahr. Multiply by 9, divide by 5 , add 32.

° Fahr. to ° Cent. Subtract 32, multiply by 5 , divide by 9.

Rough Estimation of Temperatures.

Just glowing in the dark - - - about 525° Cent.
Dark red - - - - - - ,

Cherry red . . . . . . 910

Bright cherry red - 1,000

Orange - - „ 1, 160 ,

White - - . , 1,300

Dazzling bluish white
Electric arc - - » 3,500

» 1,500 "

Proximate Analyses of Coals.

District. Ash . Sulphur. Volatile Matter. Fixed Carbon .

Lancashire

Yorkshire

Derbyshire

Welsh (steam )

Scotch . .

Notts - -

Irish -

Russian .

Anthracite

Cannel -

Per Cent. Per Cent. PerPer Cent. Per Cent.

1 to 2 .5 : 32 50 to 60

trace to 1.5 55 , 65

- 7 to 2.0 50 ,, 60

2 , 6 •5 „ 1 :5 5 , 12 i 85 , 93

: 7 ,, 2 .0 50 , 60

1 . 2 , 8 .10 ,, 1 : 5 30 , 45

2 .5 , 8. 0 .5 , 2 .0 30 , 42

L 1.73 42:4

12:0 -59 24 : 0 63.5

2 to 8 trace to 2:0 7 to 10 85 to 90

5 , 201 to 2.5 Į 40 50

30 ” 45 | 50 ,, 65

47: 4



1.32 ( OKE MANTEA ('TURE .

Arerage Composition of Coals from Different Localities.

(Ultimate Analyses.)

(Phillips'Admiralty Coal Investigation.)

Locality.

S
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e
c

.G
r

.
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a
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b
o
n

.
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d
r
o
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e
n

. N
i
t
r
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g
e
n

.

S
u
l
p
h
u
r

. O
x
y
g
e
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.

A
s
h

.

C
o
k
e

.

Per Per Per Per Per Per Per Per

Average of - Cent. Cent. Cent. Cent. Cent. Cent. Cent. Cent.

36 samples from Wales . . 1 :315 83.78 4 .79 0 .98 1 :43 4 :15 4 .91 72.60

18. .. Newcastle . 1 -256 82 .12 5 :31 1 :35 1 .24 5 .69 3 .77 60 .67

Lancashire - 1 .273 77.90 5 :32 1: 30 1 :44 9 :53 4 . 88 60 . 22

Scotland - 1 -259 78 :53 5 :61 1 :00 1 . 11 9 .69 4 .03 ' 54 . 22

Derbyshire - 1 . 292 79:68 4 :94 1 :41 1:01 10 -28 2.65 59:32

l
o
l

Weights of Gaseous Compounds.

Air - - -

Ammonia - -

Carbon dioxide -

Carbon monoxide

100 Cub. Feet
Weigh in Lbs.

- 7 :6

- 4 :51

11.71

7 . 3

Coal gas .

Hydrogen
Marsh gas

Nitrogen -

100 Cub. Feet

Weigh in Lbs.

3.83

0 :53

4 : 3

7 .44

Approximate Composition of Gaseous Fuels.

Marsh

Gas,

Hydro

gen .

Carbon

mon .

oxide.

| Carbon
dioxide.

Nitro.
B . T . U .

per

Cub . Ft
gen .

Per

Cent.

Per
Cent.

Per

Cent.

Blast-furnace gas (coke !
fed ) - - I

Producer gas

Mond gas - -
Coke oven gas . .

Illuminating gas -

1 . 2

1 .5

35 .0

36 .0

2 .5

13: 0

26 .0

54 .0

50.0

Per

Cent.

28 0 6 :0

24:6 | 4 :8

12: 0 15 .0

1 :0 1 :0

5 :0) 0 :4

Per
Cent.

63.5

56 4

45 . 5

9 .0

3.5

120

140

160

540

650
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A fluence of temperature on , 90 yellow salt, 121

Action of steam on hydrocyanic acid , Analysis of anthracite , 8 , 151

117 - of ash in coke, 10

Air condensers, 82 - of blast furnace gas, 6 , 152

Alumina, sulphate of, in coal, 10 - of coke oven gas, 6 , 137 , 152

Aluminium as fuel, 7 , 8 - of devil liquor, 113

Ammonia , absorption of, 90 - of fuels, 8 , 151, 152

- direct recovery of, Coal Distillation - of illuminating gas, 152

Co., 128 - of Mond gas, 152
- direct recovery of, Koppers, 126 - of producer gas, 6 , 152
- direct recovery of, Otto -Hilgenstock , - of sulphur, 118

130 - of sulphuric acid (vitriol), 122
effect of tenperature on yield of, 27 - of tar, 87

-- estimation of, in concentrated liquor, - of waste gas from saturators, 28, 113
100 Arsenic in sulphuric acid , 122

- estimation of, in sulphate , 119 Ash in coal, 9 , 10 .

- free and fixed, 98 - in coal, estimation of, 24
Ammoniacal liquor, ammonium sul - in coke, 12

phide in , 97

-- liquor, carbon dioxide in , 96

- liquor, chloride in , 97 D AUM washer, 19

- liquor, composition of, 96 D Beale exhauster, 91

--- liquor, estimation of carbon dioxide Beehive ovens, 36 , 37
in , 102 - displacement of, il

– liquor, estimation of hydrocyanic Bituminous coal, 8 , 9

acid in , 103 Black ends in coke, 145

- liquor, estimation of sulphuretted Blackett washer, 17 , 18

hydrogen in , 102 Blast furnace, coke in , 12

– liquor, estimation of total ammonia - - furnace gas, 6

in , 99 Blue salt, formation of, 121

- liquor, estimation of total sulphide Bomb calorimeter , 32, 33

in , 101 Briquettes, 5

- liquor, freehydrocyanic acid in , 98 Bryan -Donkin exhauster, 93
- liquor, specific gravity of, 96 Bye-product coke, 12
-- liquor, sulphites and hyposulphites

in , 97

- liquor, sulphocyanides in , 97 CALORIE, definition of, 150

- liquor, treatment of, 98 L Calorific value of coal and coke,

- liquor, working up of, 104-113 30 - 35
Ammonium sulphate, colour of, 119 Calorific value of gas, 6 , 141, 152

- - sulphate, estimation of ammonia in , - value of various substances, 151

119 Calorimeter , bomb, 32, 33
-- sulphate , estimation of free acid in , - Junker's, 141

– Lewis Thompson , 30

– sulphate, estimation of moisture in , - Wm . Thompson , 32

119 Cannel, composition and properties of,

– sulphate, formation of blue salt, 1211 8 , 9
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. Na
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r

, in 145

119
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Condensers , water, 83
Coppée oven, 38, 63
Cyanogen compounds, recovery of, 28

- in gases, 27

ESTRUCTIVE distillation , 26

Devil liquor, 113

Direct recovery of ammonia , Koppers ,

126

– recovery of ammonia , Coal Distilla
tion Co., 128

– recovery of ammonia, Otto -Ililgen
stock , 130

Dirt in coal, washing free from , 15
- estimation of coal in washed , 15
Disintegrator, 69

Doors , flued , 146

Carbon , fixed , in coke, 12
Carr's disintegrator, 69

Centrifugal drier, III

Charging machine, 70

Claus kiln , air supply , 116
- kiln , reactions in , 116

- kiln , starting of, 115
Clinker, formation of, 10

Coal ash , composition of, 10

- ash in , estimation of, 23
calorific value of, 30 -35

coking power of, 12
dirt washed from , 15

- Distillation Co.'s direct recovery

plant, 128

- free sulphur in , 10

-- impurities in , 9 , 10

-- iron pyrites in , 10

- moisture in , 23

- nitrogen in , 27
-- sampling of, 20
-- shale in , 14

- specific gravity of, 20
- sulphate ofalumina in , 10

– sulphate of lime in , 10
--- sulphur in , 25

– typical analysis of, 8 , 151, 152
-- volatile matter in , 25

-- washing , 14

-- washers , types of, 15

Coke, advantage of use of, 11
- black ends in , 145

– car, 78

- composition of, 12

- conveyor, 78

- in blast furnace, 12

- ovens, 36

- ovens, Collin , 64

- ovens, Coppée, 38 , 63
- ovens, Huessener, 47

- - ovens, Koppers, 58
– ovens, Otto -Hilgenstock , 52
- ovens, Otto -Hoffmann , 50 , 51

ovens, Semet-Solvay, 41, 46 , 47

- ovens, Simon Carves, 39, 40 , 52

- - yield of, 11

Coking, effect of, on pyrites, il

- object of, in
– power of coal, 12

Collin coke oven , 64
Compression of coal, advantages of, 68
Concentrated liquor , carbon dioxide in ,

100

- liquor, composition of, 124
- liquor, estimations of ammonia in ,

100

-- liquor, hydrocyanic acid in , 100
- liquor, manufacture of, 122 -124
- liquor, sulphuretted hydrogen in ,

100

Condensers, air, 82

L LLIOTT washer, 16

E Eschka's method for sulphur

estimation , 26

Estimation of aminonia in concentrated
liquor, 100

--- of ammonia in sulphate, 119
- of ash in coal, 24

- of carbon dioxide in liquor, 102

- of coal in washed dirt, 15
- of constituents of tar, 87

- of free acid in sulphate, 119

- of free coal in dirt, 15

-- ofhydrocyanic acid in liquor, 103

--- of impurities in sulphuric acid , 122

- ofmoisture in coal, 23

- ofmoisture in sulphate , 119
- of nitrogen in coal, 28 , 29

– of specific gravity of coal, 20

- of sulphur in coal, 25

– of sulphuretted hydrogen in liquor,
102

- of total ammonia in liquor, 99

- - of total sulphide in liquor, 101

– of volatile matter in coal, 25
Exhauster , Beale, 91
-- Bryan Donkin , 93

- Körting , 94

- three-bladed , 94
Exhausters, use of, 91

CLUED doors , 146

T Free and fixed ammonia, 98
Free sulphur in coal, 10

Fuel, advantages of liquid , 4 , 5

– aluminium as, 7 , 8
- oil as, 4 , 5
- tar as, 5

Fuels , 4 , 5

– inorganic , 7
- organic , 8
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r AS , analysis of coke oven , 137

U – blast furnace , 6

- calorific power of, 141

- coke oven , 6

- cyanogen in , 27
- illuminating, 152

- natural, 5

- producer, 5

DEAT, 8 , 9

F Pelouże & Audouin tar extractor,

85

Pentathionic acid formation , 117
Phosphorus as fuel, 7

Pitch , 88

Producer gas, 5, 6
Pyrites and clinker formation , 10

- - effect of coking upon , II
– in coal, 10

Pyrometers , electrical, 143
– Roberts-Austen , 144

- Thermo- electric , 144

U EAT recorders, Watkin 's, 143

1 Huessener coke oven, 47
Hydraulic main , 79

Hydrocyanic acid, action of steam on,
117

- acid , estimation of, in liquor, 103
Hydrogen in coke, 12
Hydrometer, Twaddell, 22, 23

MUENCHING coke, 76

ILLUMINATING gas, 152

Impurities in sulphuric acid , 122
Inorganic fuels, 7

Iron pyrites, effect of coking upon, II

- pyrites, injurious action of, 10

D AM charging machine, 70

R Ramming machine, 75

Regenerator, Semet-Solvay oven , 46 ,
47

Roberts -Austen pyrometer, 144
Robinson washer, 18

JIG washer, 17

Junker's calorimeter, 141

V ILN , Claus , 115, 116

i Koppers coke oven , 58

Koppers direct ammonia recovery, 126

Körlings exhauster, 94

LEWIS THOMPSON calorimeter ,
L 30

Lignite , 8 , 9

Lime sulphate in coal, 10

Liquid fuel, 4 .

M ACHINE, ram charging , 70
v Mahler's calorimeter, 32, 33

Meguin 's stamping machine, 75, 76
Moisture in coal, 23
Mond gas, 152

CAMPLING of coal, 20

» Saturators, fishing, 110

Saturators, self-discharging, 110

-- waste gas from , 28 , 113

- Wilton , IIO

- working of, 113

Scrubbers, influence of temperature on,
90

-- principle of, 88

– revolving, 90

- tower, 90

Seger cones, 112

Semet-Solvay oven, 41, 46

- oven regenerator, 46 , 47
Shale in coal, 14

Silicon as fuel, 7
Simon Carves oven , 39, 40, 52

Specific gravity of coal, 20 -22

Stampingmachines, 71, 72

- machine, Meguin's, 75, 76
Sulphate of ammonia, ammonia in , 119

- of ammonia , analysis of, 118

-- - of ammonia , blue salt , 121

- of ammonia , colour of, 119

- of ammonia , free acid in , 119

- of ammonia , moisture in , 119

– of ammonia, yellow salt , 121

Sulphate, centrifugal drier, III.

- discharger, 110

– of lime in coal, 10

– still, details of, 106

- still, waste liquor from , 107

Sulphur, elimination of, from coal, 13
--- free, in coal, 10

NATURAL gas, 5
V Nitrogen , distribution of, 28

Nitrogen in coal, 27

- in coal and coke, estimation of, 28

- in coke, 12

N ILS as fuel, 4
Organic fuels , 8

Organic sulphur in coal, 10

Otto -Hilgenstock 's direct recovery of :

ammonia , 130

– oven , 52
Otto -Hoffmann oven , 50 , 51
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Sulphur from Claus plant, 118 Temperatures, determination of, 142
- in coal, 9 , 10 Thermo-electric pyrometers, 144

– in coal, estimation of, 25 Thompson , Lewis, calorimeter, 30
- in fuels, 7 Thompson , W . , calorimeter , 32

- organic , in coal, 10 Three-bladed exhauster, 94

- recovery plant, 115 Trough washer, 16

Surplus gas, amount of, 131 Twaddell hydrometer, 22, 23
– gas, calorific power of, 131

- gas, description of gas engine plant, V ITRIOL. See Sulphuric acid
136 Volatile matter in coal, 25

– gas, for lighting, 131
- gas, purification of, 137
- gas, use of, in gas engines, 136 I ASHED dirt , estimation of coal

- gas, use of sulphur compounds in , W in , 15

136 Washers , coal, types of, 15 - 19

- gas, use of, under boilers, 134 Washing of coal, 14
Waste , gas from purification of, 114
— gas from saturators, 28

TAR, analysis of, 87 – gas from sulphur plant, 113

- appearance of, 87 Water condensers, 83

- as ſuel, 5 Watkin 's heat recorders , 143

– composition of, 87 Wilton saturator, 110

- distillation of, 87 Wood, composition of, 8, 9

-- extractor, 85
- water in , 88
Temperature, effect on ammunia yield , || VELLOW salt, 121
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AND APPLICATION . By FRANCIS B . CROCKER , E . M ., Ph . D .,

Professor of Electrical Engineering, Columbia University ; Past Pres.

A . I. E . E . ; Mem . British Inst. E . E . ; and M . ARENDT, E . E ., Assistant

Professor of Electrical Engneering, Columbia University ; Men . A . I. E . E .

297 pages, 158 Illustrations. Medium Svo , cloth ... Net 10s. 6d .

ELECTRIC POWER CONDUCTORS. By Wm. A . DEL MAR ,
A .C . G . I., Assoc. Mem . A . I.E .E ., Assoc. I. E . E . Large crown 8vo, cloth .

336 pages, with numerous illustrations. Net gs.
MATERIALS AND GAUGES - TESTING WIRE AND CABLE - FLECTRICAL PROPERTIES - INSTALLA

TION -- INSULATION AND INSULATED CONDUCTORS - DEPRECIATION AND DETERIORATION

DETERMINATION OF SIZE FOR GIVEN VOLTAGE DROP AND POWER Loss -- THIRD RAIL CIRCUITS

- - DETERMINATION OF SIZE FOR GIVEN STRESS IN SPANS - RAIL BONDS - SPECIFICATIONS

TABLES OF INDUCTANCE, REACTANCE, AND CAPACITY, & c .

ELECTRIC POWER CONDUCTORS :- CONDUCTORS
FOR ELECTRICAL DISTRIBUTION . their Materialsand Manufac

ture. The Calculation of Circuits, Pole -line Construction, Under

ground Working, and other Uses. By F . A . C . PERRINE, A . M ., D . Sc.,

Mem .Am .Inst. E . E . Second Edition , Revised. Medium 8vo, 300 pp .,

fully illustrated .. ... . .. Net 155.

ELECTRIC SHIP -LIGHTING . A Handbook on the Practical

Fitting and kunning of Ship’s Electrical Plant. By J. W . URQUHART.
Fourth Edition, Revised and Enlarged. 365 pages, with 90 Illustrations.

Crown 8vo, cloth . .. 75. 60 .

ELECTRIC TRACTION AND TRANSMISSION ENGI
NEERING . By SAMUEL SHELDON , A . M ., Ph. D ., D . Sc., and ERICH

HAUSMANN, E . E ., M . S . 317 pp., 127 Illustrations. Large crown 8vo,
cloth .. . ... ... [ Just Published . Net 12s.

ELECTRIC WIRING , DIAGRAMS AND SWITCH
· BOARDS. By NEWTON HARRISON, E . E ., Instructor of Electrical

Engineering in theNewark Technical School. Crown 8vo, cloth . Net 5s.
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ELECTRIC WIRING , & c . — continued .
THE BEGINNING OF WIRING - CALCULATING THE SIZE OF WIRE - A SIMPLE ELECTRIC LIGHT

Circuit CALCULATED - ESTIMATING THE MAINS, FEEDERS, AND BRANCHES - USING THE BRIDGE
FOR TESTING THE INSULATION RESISTANCE - WIRING FOR MOTORS - WIRING WITH Cleats,
MOULDING AND CONDUIT - LAYING -OUT A CONDUIT SYSTEM - Power REQUIRED POR LAMPS
LIGHTING OF A ROOM - SWITCHBOARDS AND THEIR PURPOSE - SWITCHBOARDS DESIGNED FOR
SHUNT AND COMPOUND -WOUND DYNAMOS- PANEL SWITCHBOARDS, STREET RAILWAY Switch
BOARDS, LIGHTNING ARRESTERS - THE GROUND DETECTOR - LOCATING GROUNDS - ALTERNATING

CURRENT CIRCUITS - The Power Factor IN CIRCUITS - CALCULATION OF SIZES OF WIRE FOR
SINGLE , Two AND THREE -PHASE CIRCUITS ,

ELECTRICAL AND MAGNETIC CALCULATIONS.
For the use of Electrical Engineers and Artisans, Teachers, Students,
and all others interested in the Theory and Application of Electricity and
Magnetism . By A . A . ATKINSON, M . S ., Professor of Physics and

Electricity in Ohio University, Athens, Ohio . Crown 8vo, cloth Net gs.

ELECTRICAL CALCULATIONS (ELEMENTARY). A
Manual of Simple Engineering Mathematics, covering the whole field
of Direct Current Calculations, the basis of Alternating Current

Mathematics, Networks and Typical Cases of Circuits, with Appendices
on Special Subjects. By T . O 'CONOR SLOANE, A . M ., E . M ., Ph . D .,
Author of " The Standard Electrical Dictionary.” Large Crown 8vo,
cloth , 314 pp. with Diagrams ... ... ... .. ... Net gs.

ELECTRICAL DICTIONARY. A Popular Encyclopædia of
Words and Terms used in the Practice of Electrical Engineering.

By T. O 'CONOR SLOANE, A . M ., E . M ., Ph .D . Fourth Edition, with

Appendix . 690 pages and nearly 400 Illustrations. Large Crown 8vo,

cioth ... ... ... ... ... ... . .. ... Net 75 . 60.

ELECTRICAL ENGINEERING . A First-Year's Course for
Students. By Tyson SEWELL, A . M . I. E . E ., Lecturer and Demonstrator

in Electrical Engineering at the Polytechnic , Regent Street, London ..

Fifth Edition , Thoroughly Revised . Large Crown 8vo , cloth . 465 pp.,.

with 277 Illustrations .. . .. . . .. . .. . . . . . Net 5S..

OHM 's Law - Units EMPLOYED IN ELECTRICAL ENGINEERING - Series AND Parallel .
CIRCUITS CURRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT - THE HEATING EFFECT

OF THE ELECTRIC CURRENT - THE MAGNETIC EFFECT OF AN ELECTRIC CURRENT - The

MAGNETISATION OF IRON - ELECTRO CHEMISTRY - PRIMARY BATTERIES - ACCUMULATORS

INDICATING INSTRUMENTS - AMMETERS, VOLTMETERS, OHMMETERS - ELECTRICITY SUPPLY

METERS - MEASURING INSTRUMENTS, AND THE MEASUREMENT OF ELECTRICAL RESISTANCE

MEASUREMENT OF POTENTIAL DIFFERENCE , CAPACITY , CURRENT STRENGTH , AND PERME

ABILITY - -ARC LAMPS - INCANDESCENT LAMPS MANUFACTURE AND INSTALLATION - PHOTO

METRY _ THE CONTINUOUS CURRENT DYNAMO- DIRECT CURRENT MOTORS - ALTERNATING

CURRENTS - TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS - POLYPHASE WORKING

APPENDIX I . , THE THREE WIRE SYSTEM - APPENDIX II. , QUESTIONS AND ANSWERS .

ELECTRICAL ENGINEERING (ELEMENTARY). In
Theory and Practice. A Class Book for Junior and Senior Students and
Working Electricians. By J. H .ALEXANDER . With nearly 200 Illustra
tions. Crown 8vo , cloth . . . . .. . . . . . . Net 3s. 6d .
FUNDAMENTAL PRINCIPLES - ELECTRICAL CURRENTS - SOLENOID COILS , GALVANOMETERS.

Vou 'r -METERS -- MEASURING INSTRUMENTS - ALTERNATING CURRENTS -- DYNAMO ELECTRIC

MACHINES - CONTINUOUS CURRENT DYNAMOS - INDUCTION , STATIC TRANSFORMERS, CONVERTERS

MOTORS - - PRIMARY AND STORAGE CELLS- ARC LAMPS - INCANDESCENT LAMPS - SWITCHES.

FUSES. ETC . - - CONDUCTORS AND CABLES - - ELECTRICAL ENERGY METERS - SPECIFICATIONS

GenERATION AND TRANSMISSION OF ELECTRICAL ENERGY - GENERATING STATIONS.

ELECTRICAL ENGINEERING , GENERAL LECTURES
ON . By C . PROTEUS STEINMETZ, A . M ., Ph . D . Third edition , com
piled and edited by J . LEROY HAYDEN. 284 pages, with Diagrams.
Medium 8vo, cloth ... ... Net 8s. 6d .

ELECTRICAL ENGINEERING . See ALTERNATING CURRENTS.
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ELECTRICAL TRANSMISSION OF ENERGY. A
Manual for the Design of Electrical Circuits . By ARTHUR VAUGHAN

ABBOTT, C . E ., Member American Institute of Electrical Engineers,

etc. Fifth Edition , Rewritten and Enlarged, with numerous Tables,

Plates, and other Illustrations. Royal 8vo , 700 pages. Strongly bound
in cloth .. . . . . . . . . . . . .. . .. . . . . . . Net 21S .

ELECTRICAL TRANSMISSION OF ENERGY - THREE
PHASE TRANSMISSION . A Practical Treatise on the Economic

Conditions governing the Transmission of Electric Energy by Under

ground and Overhead Conductors. By William BREW , M .I. E . E ., Late

Chief Expert Assistant, Dublin Corporation Electricity Supply. 186 pp.,
with 83 Illustrations. Demy 8vo, cloth . Net 75, 6d.

ELECTRICITY AS APPLIED TO MINING . By ARNOLD
LUPTON, M .Inst. C . E ., M .I.Mech. E ., M .I. E . E ., late Professor of Coal

Mining at the Yorkshire College, Victoria University ; G . D . ASPINALL

PARR, M . I. E . E ., A . M . I.Mech. E ., Head of the Electrical Engineering

Department, Yorkshire College, Victoria University ; and HERBERT

PERKIN , M . I. M . E ., Assistant Lecturer in the Mining Department of the

Yorkshire College , Victoria University. Second Edition , Revised and

Enlarged,medium 8vo, cloth , 300 pp .,with about 170 Illustrations. Net 12s.
INTRODUCTORY - DYNAMIC ELECTRICITY - DRIVING OF THE DYNAMO — The Steam Turbine

DISTRIBUTION OF ELECTRICAL ENERGY -- STARTING AND STOPPING ELECTRICAL GENERATORS AND

MOTORS - ELECTRIC CABLES — CENTRAL ELECTRICAL PLANTS - ELECTRICITY APPLIED TO

PUMPING AND HAULING - ELECTRICITY APPLIED TO COAL CUTTING - TYPICAL ELECTRIC PLANTS

RECENTLY ERECTED - ELECTRIC LIGHTING BY ARC AND GLOW LAMPS - MISCELLANEOUS APPLICA .

TIONS OF ELECTRICITY -- ELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING
POWER - DANGERS OF ELECTRICITY.

ELECTRICITY IN FACTORIES AND WORKSHOPS :
ITS COST AND CONVENIENCE. A Handybook for Power

Producers and Power Users . By A . P . HASLAM , M . J. E . E . 328 pp., with

numerous Illustrations. Large crown 8vo, cloth . ... ... Net 75 . 60.
THE ELECTRIC Motor AND Its ACCESSORIES — The Direct CURRENT MOTOR -- The

ALTERNATING CURRENT MOTOR - The STARTING AND SPEED REGULATION OF ELECTRIC

MOTORS - THE RATING AND EFFICIENCY OF ELECTRIC MOTORS - THE PROVISION OF ELECTRIC

ENERGY - THE COST OF ENERGY AS AFFECTED BY CONDITIONS OF WORKING - - THE QUESTION

FOR THE SMALL POWER USER - INDEPENDENT GENERATING PLANTS - OIL AND GAS ENGINE

PLANTS - INDEPENDENT GENERATING PLANTS - STEAM PLANTS - POWER STATION Tariffs - THE

APPLICATIONS OF ELECTRIC POWER - THE USE OF ELECTRIC POWER IN TEXTILE FACTORIES

ELECTRIC POWER IN PRINTING WORKS - THEUSE OF ELECTRIC POWER IN ENGINEERING

WORKSHOPS - MISCELLANEOUS APPLICATIONS OF ELECTRIC POWER - THE INSTALLATION OF

ELECTRIC Motors - THE LIGHTING OF INDUSTRIAL ESTABLISHMENTS.

ELECTRICITY. A STUDENT'S TEXT-BOOK . By

• H . M . NOAD, F . R . S . 650 pp., 470 illustrations. Crown 8vo ... 9s.

ELECTRICITY , POWER TRANSMITTED BY, AND
APPLIED BY THE ELECTRIC MOTOR, including Electric Railway

Corstruction . By Philip ATKINSON, A . M ., Ph . D ., author of “ Elements
of Static Electricity.” Fourth Edition , Enlarged , Crown 8vo, cloth ,
224 pp., with over go illustrations .. . ... .. . ... Net os .

ELECTRO -PLATING AND ELECTRO -REFINING OF

METALS. Being a new edition of Alexander Watt's “ Electro -De
position .” Revised and Largely Re-written by ARNOLD PHILIP,

Assoc. R .S . M ., B .Sc., A . I. E . E ., F . I. C ., Principal Assistant to the
Admiralty Chemist, formerly Chief Chemist to the Engineering Depart

ments of the India Office. Second Edition , Revised . 7001 pp ., with nu

nerous Illustrations, Large Cr. Svo , cloth .. . . ..Net 12s. 6d .
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ENGINEERING DRAWING . A WORKMAN 'S

MANUAL. By JOHN MAXTON . Crown 8vo, cloth ... 38. 6d

ENGINEERING ESTIMATES, COSTS, & ACCOUNTS.
A Guide to Commercial Engineering. With numerous examples of

Estimates and Costs of Millwright Work , Miscellaneous Productions,

Steam Engines and Steam Boilers ; and a Section on the Preparation of

Costs Accounts. By A GENERAL MANAGER. Third Edition . Revised

and Corrected . 276 pages. 8vo, cloth ... ... ... Net 78. 6d.

ENGINEERING PROGRESS (1863-6 ). By WM. HUMBER,
A . M .Inst. C . E . Complete in Four Vols. Containing 148 Double Plates,

with Portraits and Descriptive Letterpress. Imperial 4to, halfmorocco.

Price, complete, £12 12s. ; or sold separately at £3 33. per Volume.

ENGINEER 'S AND MILLWRIGHT'S ASSISTANT, A
Collection ofUseful Tables, Rules, and Data . By WILLIAM TEMPLETON .

Eighth Edition, with Additions. 18mo, cloth ... ... . .. 28. 6d.

ENGINEER ' S HANDBOOK . A Practical Treatise on Modern
Engines and Boilers, Marine, Locomotive, and Stationary. And contain

ing a large collection of Rules and Practical Data relating to Recent

Practice in Designing and Constructing all kinds of Engines, Boilers, and

other Engineering work . The whole constituting a comprehensive Key

to the Board of Trade and other Examinations for Certificates of Com

petency in Modern Mechanical Engineering. By WALTER S . HUTTON ,

Civil and Mechanical Engineer, Author of “ The Works' Manager's

Handbook for Engineers,” etc. Seventh Edition, Revised and Enlarged.
576 pp., with 430 Illustrations. Med. 8vo , cloth ... . . .. 18s.

ENGINEER ’ S , MECHANIC ' S , ARCHITECT' S ,
BUILDER 'S , ETC ., TABLES AND MEMORANDA. Selected and

Arranged by FRANCIS SMITH . Seventh Edition , Revised, including

ELECTRICAL TABLES, FORMULÆ , and MEMORANDÁ. Waistcoat-pocket
size, limp leather ... . .. Is. 6d .

ENGINEER 'S POCKET BOOK . See MECHANICAL ENGINEER'S
POCKET BOOK . .

ENGINEER'S YEAR -BOOK FOR 1913. Comprising For
mulæ , Rules, Tables, Data and Memoranda. Forming a Compendium

of the Modern Practice of Civil, Mechanical, Electrical, Marine, Gas, and

Mine Engineering. By H . R . KEMPE, M .Inst. C . E ., M . I.Mech. E .,

M . I. E . E ., Electrician to the Post Office (1907 -1912), formerly Principal

Staff Engineer, Engineer- in -Chief's Office, General Post Office, London ,

With the collaboration of eminent specialists. 1,600 pages. With 1 ,250

Illustrations, specially Engraved for the work . Crown 8vo, leather.

[ Just Published . 128. 6d .
List of Specialist ContRIBUTORS : — W . VALENTINE BALL, M . A ., Barrister-at- Law (Legal

Notes for Engineers) ; WM. H . Booth , C . E . , F . G . S ., M .Am .Soc . C . E . (Steam Engines and Boilers,

Fuels, Puinps, Cotton Mills , Crares, Water Softening .Well-Sinking , & c . ) ; G . A . BURLs, M . Inst. C . E .
( Internal Combustion Engines, Motor Cars, and Aeroplanes ) ; Prof. C . A . CARUS-WILSON, M . A . ,

M . I . E . E . , A . M . Inst. C . E . ( Electrical Engineering ) ; A . B . CHALKLEY, B .Sc. , A . M . Inst. C . E .

(Marine Diesel Engines) ; BRYSSON CUNNINGHAM , B . E . , A . M . Inst. C . E . (Harbour and Dock En .

gineering) ; Alex . DREW , M . I .Mech. E ., M . C . I . (Reinforced Concrete Construction ) ; Prof. T .

CLAXTON FIDLER , M . Inst. C . E . (Beams, Girders, Bridges, and Joists) ; H L . GUY, A . M . Inst. C . E .
A . M . I .Mech . E . (Steam Turbines) ; PERCY A . HILLHOUSE , B . Sc. , M . I . N . A . (Naval Architecture

and Marine Engineering) ; W . HOWARD -SMITH , A . M . Inst. C . E . ( Tramways , Railways) ; GEORGE

HUGHES, M . I .Mech . E ., Chief Mechanical Engineer, Lancashire and Yorkshire Railway (Loco

motives) ; NEWTON B . Knox , E . M . , M . I . M . M . (Metalliferous Mining and Mining Machinery ) ;

Prof. VIVIAN B Lewes, F . I. C . , F . C . S . , (Acetylene Gas and its Applications) ; R . FAIRFAX

MIDDLETON , A . M . Inst. C . E . (Waterworks Engineer) ; HENRY O 'CONNOR , F . R . S . Edin .,

A . M . Inst. C . E . (Gas and Gas Works) ; RE JNALD RYVES, A . M . Inst. C . E . (Roads and Streets ) ;

E . J . SiLCOCK , M . Inst. C . E . , F . G . S . , F . S . I . (Sewerage, Sewage Disposal, and House Drainage ) ;

FRED SIMPSON , A . M . Inst. C . E . (Refrigeration , Ice -Making, and Cold Storage ) ; The ENGINEERS

AND CARRIAGE SUPERINTENDENTS of the principal British Railway Companies (Locomotives and

Rolling Stock ; Permanent-Way Plant, & c .
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ENGINEMAN 'S POCKET COMPANION , and Practical
Educator for Enginemen , Boiler Attendants, and Mechanics. By

MICHAEL REYNOLDS. With 45 Illustrations and numerous Diagrams.

Fifth Edition. Royal 18mo, strongly bound for pocketwear 38. 6d .
EXCAVATION (EARTH AND ROCK ). A Practical

Treatise, by CHARLES PRELINI, C . E . 365 pp., with Tables, many
Diagrams and Engravings. Royal 8vo, cloth . .. ... Net 16s.

FACTORY ACCOUNTS. Their Principles and Practice. A
Handbook for Accountants and Manufacturers. By E . GARCKE and

J. M . Fells. Sixth Edition , Revised and considerably extended. 314
pages. Demy Svo, cloth ... ... Net os.

FIRE PROTECTION IN BUILDINGS. A Practical Treatise
for Engineers, Architects, Surveyors, and Property Owners. By

HAROLD G . HOLT, A . R . J. B . A . 280 pages, with Diagrams and Illus

trations. Demy 8vo, cloth . ... .. . [ Just Published. Net 8s. 6d.

FIRES, FIRE-ENGINES , AND FIRE BRIGADES. With a

History of Fire -Engines, their Construction , Use, and Management.
Hints on Fire- Brigades, & c. By C . F . T. YOUNG . 8vo, cloth . £148.

FLYING MACHINES OF TO -DAY. By Wm. DUANE ENNIS ,
Professor of Mechanical Engineering in the Polytechnic Institute of

Brooklyn. 218 pages, with 123 Illustrations. Large Crown 8vo,
cloth . .. ... .. . [Just Published . Net 6s.

FLYING MACHINES . See also AVIATION .

FOUNDATIONS AND CONCRETE WORKS. With

Practical Remarks on Footings, Planking , Sand and Concrete, Béton ,

Pile- driving, Caissons, and Cofferdams. By E . DOBSON . Crown 8vo .

is, od .

* FUEL, ITS COMBUSTION AND ECONOMY. Consisting

of an Abridgment of “ A Treatise on the Combustion of Coal and the

Prevention of Smoke." By C . W . WILLIAMS, A . Inst. C .E . With exten

sive Additions by D . KINNEAR CLARK , M .Inst.C . E . Fourth Edition
Crown 8vo cloth .. . . .. 38. od.

FUELS : SOLID , LIC UID . AND GASEOUS. Their Analysis

and Valuation . For the Use of Chemists and Engineers. By H . J.

PHILLIPS, F . C . S . , formerly Analytical and Consulting Chemist to the

Great Eastern Railway. Fourth Edition. Crown 8vo, cloth . 28, od .

GAS AND OIL ENGINE MANAGEMENT. A Practical

Guide for Users and Attendants, being Notes on Selection, Construction

and Management. By M . Powis BALE, M . Inst.C . E ., M . I.Mech .E .,

Author of " Woodworking Machinery,” etc. Third Edition, Enlarged .
Crown 8vo , cloth ... Net 35. od .

GAS-ENGINE, A HANDBOOK ON THE. Comprising

a Practical Treatise on InternalCombustion Engines. For the Use of

Engine Builders, Engineers, Mechanical Draughtsmen , Engineering

Students, Users of Internal Combustion Engines, and others. By

HERMAN HAEDER , Civil Engineer, Wiesbaden . Translated from the

German , and edited by WILLIAM M . HUSKISSON , A . M . I. E . E . (95 years

with Messrs. Crossley Bros., ofOpenshaw ). With the addition ofnumerous

Useful Tables and other Matter. 330 pages, with over 500 Illustrations

and Tables. Small 4to, cloth ... .. . ... ... ... Net 18s .

“ There can be no question as to the utility of the work , and the translator is to be congratulated
on the thoroughness with which he has discharged his task , ” - MechanicalWorld .

" The work is in every respect of a very high standard , and may be strongly recommended to

those who wish to make a study of the technical details ofthe internal combustion engine. " - lournal

ofGas Lighting
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GAS ENGINEER'S POCKET-BOOK. Comprising Tables,
Notes and Memoranda relating to the Manufacture, Distribution , and

Use of CoalGas and the Construction of GasWorks. By H . O 'CONNOR,

A . M . Inst. C . E . Third Ed., Revised. Crown 8vo, leather Net 10s. 6d .

GAS-ENGINE HANDBOOK . . A Manual of Useful Information

for the Designer and the Engineer. By E . W . ROBERTS, M . E . With

Forty Full-page Engravings. Small Fcap. 8vo, leather . Net 8s. 6d .

GAS-ENGINES AND PRODUCER-GAS PLANTS. A
Treatise setting forth the Principles of Gas Engines and Producer

Design , the Selection and Installation of an Engine, the Care of Gas

Engines and Producer-Gas Plants , with a Chapter on Volatile Hydro

carbon and Oil Engines. By R . E . MATHOT, M . E . Translated from

the French . With a Preface by DUGALD CLERK, M .Inst. C . E ., F . C . S ,

Medium 8vo , cloth , 310 pages, with about 150 Illustrations. Net 12s.

Motive PowER AND COST OF INSTALLATION - SELECTION OF AN ENGINE - INSTALLATION

OF AN ENGINE - FOUNDATION AND EXHAUST - WATER CIRCULATION - LUBRICATION - CONDITIONS

OF PERFECT OPERATION - How TO START AN ENGINE - PRECAUTIONS - PERTURBATIONS IN THE

OPERATION OF ENGINES - PRODUCER -GAS ENGINES - PRODUCER -GAS - PRESSURE GAS-PRODUCERS

- - SUCTION GAS-PRODUCERS - OIL AND VOLATILE HYDROCARBON ENGINES - THE SELECTION

OF AN ENGINE.

GAS ENGINES. With Appendix describing a Recent Engine with

Tube Igniter. By T . M . GOODEVE, M .A . Crown 8vo , cloth . . 28. 6d .

GAS ENGINES (FARM ). By H . R . BRATE . 200 pp., with

36 Illustrations. Crown 8vo, cloth ... [ Just Published. Net 4s. 6d .

GAS ENGINES. See also INTERNAL COMBUSTION ENGINES.

GAS LIGHTING . See also ACETYLENE.

GAS LIGHTING FOR COUNTRY HOUSES . See PETROL
AIR GAS.

GAS MANUFACTURE, CHEMISTRY OF. A Practical
Manual for the Use of Gas Engineers, Gas Managers and Students. By

HAROLD M . ROYLE, F . C .S ., Chief Chemical Assistant at the Beckton

Gas Works. Demy 8vo, cloth . 340 pages, with numerous Illustrations

and Coloured Plate ... . .. ... .. . ... .. . Net 12s. 6d.
PREPARATION OF STANDARD SolutionS - ANALYSIS OF Coals - DescripTION OF Various

TYPES OF FURNACES - PRODUCTS OF CARBONISATION AT VARIOUS TEMPERATURES - ANALYSIS OF

CRUDE GAS - ANALYSIS OF LIME - ANALYSIS OF AMMONIACAL LIQUOR - ANALYTICAL VALUATION

OF Oxide of IRON - ESTIMATION OF NAPHTHALIN - ANALYSIS OF FIRE-BRICKS AND FIRE -CLAY

- ART OF PHOTOMETRY - CARBURETTED WATER GAS - APPENDIX CONTAINING STATUTORY AND

OFFICIAL REGULATIONS FOR TESTING GAS, VALUABLE EXCERPTS FROM VARIOUS IMPORTANT

PAPERS ON GAS CHEMISTRY, USEFUL TABLES, MEMORANDA, ETC .

GAS WORKS. Their Construction and Arrangement, and the

Manufacture and Distribution of CoalGas. By S . HUGHES, C . E . Ninth

Edition . Revised, with Notices of Recent Improvements, by HENRY

O 'CONNOR, A . M .Inst. C . E . Crown 8vo, cloth ... ic. . .. 6s.

GEOMETRY. For the Architect, Engineer, and Mechanic. By
E . W . Tarn , M . A ., Architect. 8vo, cloth ... 9s.

GEOMETRY FOR TECHNICAL STUDENTS. By E . H .
SPRAGUE, A . M . Inst. C . E . Crown 8vo, cloth . .. ... ... Net is.

GEOMETRY OF COMPASSES. By Oliver BYRNE. Coloured
Plates. Crown 8vo, cloth ... ... ... ... . .. 35. 6d .

GUNNERY. See RECOIL OF GUNS.

HEAT, EXPANSION OF STRUCTURES BY . By JOHN
KEILY, C . E . Crown 8vo, cloth . .. .. .. . ... 38. od.
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HOISTING MACHINERY. Including the Elements of Crane
Construction and Descriptions of the Various Types of Cranes in U se.

By JOSEPH HORNER , A . M . I. M . E . Crown 8vo , cloth , with 215 Illustra

tions, including Folding Plates ... ... ... ... Net 75. 6d.

HYDRAULIC MANUAL. Consisting of Working Tables and
Explanatory Text. Intended as a Guide in Hydraulic Calculations and

Field Operations. By Lowis D 'A . JACKSON . Fourth Edition , Enlarged .
Large Crown 8vo, cloth ... . .. .. . ... ... ... 168.

HYDRAULIC POWER ENGINEERING . A Practical
Manual on the Concentration and Transmission of Power by Hydraulic

Machinery. By G . CROYDON MARKS, A . M .Inst. C . E . Second Edition ,
Enlarged , with about 240 Illustrations. 8vo, cloth .. . Net vos. 6d .
SUMMARY OF CONTENTS :- PRINCIPLES OF HYDRAULICS — THE Flow of WATER

HYDRAULIC PRESSURES- MATERIAL - TEST LOAD - PACKING FOR SLIDING SURFACES - PIPE JOINTS

- CONTROLLING VALVES - PLATFORM LIFTS- WORKSHOP AND FOUNDRY CRANES- WAREHOUSE

AND Dock CRANES- HYDRAULIC ACCUMULATORS - PRESSES FOR BALING AND OTHER PURPOSES

SHEET METAL WORKING AND FORGING MACHINERY - HYDRAULIC RIVETERS - HAND AND POWER

PUMPS - STEAM PUMPS - TURBINES - IMPULSE TURBINES - REACTION TURBINES - DESIGN OF

TURBINES IN DETAIL - WATER WHEELS - HYDRAULIC ENGINES - RECENT ACHIEVEMENTS

PRESSURE OF WATER - ACTION OF PUMPS, ETC .

INTERNAL COMBUSTION ENGINES. Their Theory,
Construction , and Operation . By ROLLA C . CARPENTER , M . M . E .,

LL.D ., and H . DIEDERICHS, M . E ., Proſessors of Experimental Engi

neering, Sibley College, Cornell University. 610 pages, with 373 Illus

trations. Medium 8vo, cloth ... ... . . . . . . Net 218.

INTRODUCTION , DEFINITIONS AND CLASSIFICATIONS , INDICATED AND BRAKE HORSE -POWER

THERMODYNAMICS OF THE GAS ENGINE- THEORETICAL COMPARISON OF VARIOUS TYPES OF
INTERNAL COMBUSTION ENGINES- THE VARIOUS EVENTS OF THE CONSTANT-VOLUME AND

CONSTANT-PRESSURE CYCLE AS MODIFIED BY PRACTICAL CONDITIONS - THE TEMPERATURE

ENTROPY DIAGRAM APPLIED TO THE GAS ENGINE - COMBUSTION - GAS-ENGINE FUELS, THE

SOLID FUELS, GAS PRODUCERS - THE GAS-ENGINE FUELS, LIQUID FUELS, CARBURETTERS AND

VAPORISERS - GAS-ENGINE FUELS, THE GAS FUELS, THE FUEL MIXTURE EXPLOSIBILITY, PRES

SURE AND TEMPERATURE-- THE HISTORY OF THE GAS ENGINE - MODERN TYPES OF INTERNAL

COMBUSTION ENGINES - GAS ENGINE AUXILIARIES, IGNITION , MUFFLERS, AND STARTING

APPARATUS- REGULATION OF INTERNAL COMBUSTION ENGINES- THE ESTIMATION OF POWER

OF GAS ENGINES - METHODS OF TESTING INTERNAL COMBUSTION ENGINES — THE PERFORMANCE

OF GAS ENGINES AND GAS PRODUCERS - Cost OF INSTALLATION AND OF OPERATION ,

IRON AND METAL TRADES COMPANION . For Ex

peditiously Ascertaining the Value of any Goods bought or sold by

Weight, from Is. per cwt. to 1125. per cwt., and from one farthing per

pound to one shilling per pound . By THOMAS DOWNIE. Strongly

bound in leather , 396 pp. ... ... ... ... ... ... 98.

IRON AND STEEL. A Work for the Forge, Foundry , Factory,
and Office. Containing ready, useful, and trustworthy Information for

Ironmasters and their Stock -takers ; Managers of Bar, Rail, Plate , and

Sheet Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge

Builders ; Mechanical, Mining, and Consulting Engineers ; Architects,

Contractors, Builders, etc. By CHARLES HOARE, Author of “ The

Slide Rule,” etc. Ninth Edition. 32mo, leather ... ... ... 6s.

IRON AND STEEL CONSTRUCTIONAL WORK, as
applied to Public , Private, and Domestic Buildings. By FRANCIS

CAMPIN , C . E . Crown 8vo, cloth 35. 6d .

IRON AND STEEL GIRDERS. A Graphic Table for Facili
tating the Computation of the Weights of Wrought Iron and Steel

Girders, etc., for Parliamentary and other Estimates. By J . H . WATSON
BUCK , M .Inst. C . E . On a Sheet 25. od .
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IRON -PLATE WEIGHT TABLES. For Iron Shipbuilders,
Engineers, and Iron Merchants . Containing the Calculated Weights of
upwards of 150,000 different sizes of Iron Plates from i ft. by 6 in . by

in . to jo ft. by 5 ft. by i in . Worked out on the basis of 40 lbs. to the

square foot of Iron i in. in thickness. By H . BURLINSON and W . H .

SIMPSON. 4to , half-bound . .. ... ... . .. ... £I 5S.

IRRIGATION (PIONEER ). A Manual of Information for

Farmers in the Colonies. By E . O . MawSON, M .Inst. C . E ., Executive
Engineer, Public Works Department, Bombay. With Chapters on Light

Railways by E . R . CALTHROP, M . Inst. C . E ., M . I. M . E . With Plates and

Diagrams. Demy 8vo, cloth ... . .. ... . .. Net ios. 6d.
VALUE OP IRRIGATION . AND SOURCES OF WATER SuppLY _ DAMS AND Weirs - CANAL

UNDERGROUND WATER - METHODS OF IRRIGATION - SEWAGE IRRIGATION - IMPERIAL AUTOMATIC

SLUICE GATES - THE CULTIVATION OF IRRIGATED CROPS, VEGETABLES, AND FRUIT TREES

LIGHT RAILWAYS FOR HEAVY TRAFFIC - USEFUL MEMORANDA AND DATA .

LATHE PRACTICE. A Complete and Practical Work on the

Modern American Lathe. By OSCAR E . PERRIGO, M . E ., Author of

“ Modern Machine Shop Construction , Equipment, and Management,"

etc. Medium 8vo , 424 pp. , 315 Illustrations. Cloth . .. Net 12s.

History OF THE LATHE UP TO THE INTRODUCTION OF SCREW THREADS - ITS DEVELOPMENT
SINCE THE INTRODUCTION OF SCREW THREADS - CLASSIFICATION OF LATHES - LATHE DESIGN .

THE BED AND ITS SUPPORTS - THE HEAD-STOCK CASTING , THE SPINDLE, AND SPINDLE-CONE - THE

SPINDLE BEARINGS, THE BACK GEARS, AND THE TRIPLE-GEAR MECHANISM - THE TAIL STOCK ,

THE CARRIAGE, THE APRON, ETC . – TURNING RESTS, SUPPORTING Rests, SHAFT STRAIGHTENERS,

ETC. - LATHE ATTACHMENTS - RAPID CHANGE GEAR MECHANISMS - LATHE TOOLS, HIGH -SPEED

STEEL , SPEEDS AND FEEDS, POWER FOR CUTTING TOOLS, ETC . – TESTING A LATHE - LATHE WORK

-- ENGINE LATHES - HEAVY LATHES - HIGH-SPEED LATHES - SPECIAL LATHES - REGULAR TURRET

LATHES - SPECIAL TURRET LATHES - ELECTRICALLY-DRIVEN LATHES.

LATHE-WORK . A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By PAUL N . HASLUCK .

Eighth Edition . Crown 8vo, cloth .. . ... . .. ... . .. 5S.

LAW FOR ENGINEERS AND MANUFACTURERS.
See EVERY MAN'S OWN LAWYER . A Handybook of the Principles of

Law and Equity. By a Barrister. Fiftieth (1913) Edition , Revised

and Enlarged, including Abstracts of the Legislation of 1912 of especial
interest to Engineering Firms and Manufacturers. Large crown Svo ,

cloth , 850 pages . .. ... ... [ Just Published . Net 6s. 8d .

LEVELLING , PRINCIPLES AND PRACTICE OF. Showing
its Application to Purposes of Railway and Civil Engineering in the Con

struction of Roads ; with Mr. TELFORD's Rules for the same. By

FREDERICK W . SIMMS, M .Inst. C . E . Ninth Edition , with LAW 's

Practical Examples for Setting-out Railway Curves, and TRAUTWINE'S

Field Practice of Laying-out Circular Curves. With seven Plates and

numerous Woodcuts. Svo ... 8s. 6d.

LIGHTNING CONDUCTORS, MODERN . An Illustrated
Supplement to the Report of the Lightning Research Committee of 1905,

also the Phænix Fire Office 1910 Rules, with Notes as to the Methods of

Protection ,and Specifications. By KILLINGWORTH HEDGES, M .Inst. C . E .,

M . I. E . E ., Honorary Secretary to the Lightning Research Committee.

Second Edition, with additions. 132 pp., with Illustrations. Medium

Svo, cloth .. . . .. . ... . .. ... .. . Net 6s. 6d .
" . . . The information given is most valuable ." -- Electrical Engineer.
“ The work now appears with some additions that noticeably enhance its value." - Scotsman .
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LOCOMOTIVE ENGINE. The Autobiography of an old Loco

motive Engine. By ROBERT WEATHERBURN, M . I. M . E . With Illus

trations and Portraits of GEORGE and ROBERT STEPHENSON. Crown

8vo, cloth . . Net 28. od .

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular
Treatise on the Gradual Improvements made in Railway Engines

between 1803 and 1903. By CLEMENT C . STRETTON , C . E . Sixth

Edition , Revised and Enlarged . Crown 8vo , cloth ... Net 48 . 6d .

LOCOMOTIVE ENGINE DRIVING . A Practical Manual for

Engineers in Charge of Locomotive Engines. By MICHAEL REYNOLDS,

M . S.E . Twelfth Edition. Crown 8vo , cloth , 3s. 6d. ; cloth boards
45. 6d .

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By

G . D . DEMPSEY, C . E . With large additions treating of the Modern

Locomotive, by V . K . CLARK , M .Inst.C . E . With Illustrations. Crown

8vo, cloth .. . . .. . .. ... .. . .. . 3 .

LOCOMOTIVE (MODEL ) ENGINEER , Fireman and Engine
boy. Comprising a Historical Notice of the Pioneer Locomotive

Engines and their Inventors. By MICHAEL REYNOLDS. Crown 8vo,

cloth , 3s. 6d. ; cloth boards ... . .. ... . .. ... 48 . od .

LOCOMOTIVES, THE APPLICATION OF HIGHLY

SUPERHEATED STEAM TO. See STEAM .

MACHINERY, DETAILS OF. Comprising Instructions for
the Execution of various Works in Iron in the Fitting Shop , Foundry ,

and Boiler Yard. By FRANCIS CAMPIN , C . E . Crown 8vo, cloth 38.

MACHINE SHOP TOOLS. A Practical Treatise describing in

every detail the Construction , Operation and Manipulation of both Hand

and Machine Tools ; being a work of Practical Instruction in all Classes

of Modern Machine Shop Practice, including Chapters on Filing ,

Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ;

the Lathe and its Tools ; Planers, Shapers and their Tools ; Milling

Machines and Cutters ; Gear Cutters and Gear Cutting ; Drilling

Machines and Drill Work, & c . By W . H . VAN DERVOORT, M . E . ,

Illustrated by 673 Engravings. Medium 8vo . .. . .. Net 218 .

MAGNETOS FOR AUTOMOBILISTS : How madeand How

used. A Handybook on their Construction and Management. By S . R .

BOTTONE. Second Edition, Enlarged. 118 pages, with 52 Illustrations,
Crown 8vo , cloth ... . .. .. . Net 2s,

Marine Engineers and Apprentices. By J. S . BREWER. Crown 8vo,
cloth . .. . .. is , 6d .

MARINE ENGINEER 'S GUIDE for Board of Trade Examina

tions for Certificates of Competency. Containing all Latest Questions
to Date, with Simple, Clear, and Correct Solutions ; with Notes on

Beams, Boilers, Mechanical Powers, and the latest B . T . Regulations.

By A . C . WANNAN , C . E ., Consulting Engineer, and D . LINDSAY ,

Southampton Marine Academy, Illustrated with Sketches. Fifth

Edition , Revised and further Enlarged . Large Crown 8vo, cloth . In

2 volumes, sold separately .
ARITHMETIC . .. .. . ... ... [ Just Published . Net os.

ELEMENTARY'S, VERBALS, AND DRAWINGS.

[ Just Published. Net 6s.
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. . . . . Vet 2 .1 258.

MARINE ENGINEER 'S POCKET-BOOK . Containing latest
Board of Trade Rulesand Data for Marine Engineers. By A . C .WANNAN.

Fifth Edition, 186 pages, Illustrated. Square 18mo, with thumb Index,
leather ... ... Net 45. 60 .

MARINE ENGINES AND BOILERS. Their Design and
Construction . A Handbook for the Use of Students, Engineers , and

Naval Constructors. Based on theWork “ Berechnung und Konstruktion

der Schiffsmaschinen und Kessel,” by Dr. G . BAUER, Engineer-in -Chief
of the Vulcan Shipbuilding Yard, Stettin . Translated from the Second
German Edition by E . M . DONKIN and S . BRYAN DONKIN , A . M . I. C . E .

Edited by LESLIE S . ROBERTSON , Secretary to the Engineering Standards

Committee, M .I. C . E ., M . I. M .E ., M . I. N . A ., Etc . With numerous Illus
trations and Tables. Medium 8vo, cloth . ..
SUMMARY OF CONTENTS : - PART Í. MAIN ENGINES : DETERMINATION OF

CYLINDER DIMENSIONS - THE UTILISATION OF STEAM IN THE ENGINE - STROKE OF PISTON

NUMBER OF REVOLUTIONS - TURNING MOMENT- BALANCING OF THE MOVING PARTS - ARRANGE

MENT OF MAIN ENGINES - DETAILS OF MAIN ENGINES - The CYLINDER - VALVES--- VARIOUS

KINDS OF VALVE GEAR - PISTON Rods - PISTONS - CONNECTING ROD AND CROSSHEAD - VALVE
GEAR Rods - BED PLATES - ENGINE COLUMNS- REVERSING AND TURNING GEAR. PART II.

PUMPS : AIR , CIRCULATING FEED, AND AUXILIARY PUMPS. PART III. : SHAFTING , RE
SISTANCE OF SHIPS , PROPELLERS : THRUST SHAFT AND THRUST BLOCK - TUNNEL

SHAFTS AND PLUMMER BLOCKS- --SHAFT COUPLINGS - STERN Tube - The SCREW PROPELLER

CONSTRUCTION OF THE SCREW . PART IV . PIPES AND CONNECTIONS : GENERAL

REMARKS, FLANGES, VALVES, ETC . - UNDER -WATER FITTINGS - MAIN STEAM , AUXILIARY STEAM ,

AND EXHAUST PIPING - FEED WATER, BILGE , BALLAST AND CIRCULATING PIPES . PART V .

STEAM BOILERS : FIRING AND THE GENERATION OF STEAM - CYLINDRICAL BOILERS

LOCOMOTIVE BOILERS - WATER- TUBE BOILERS - SMALL TUBE WATER -TUBE BOILERS - SMOKE

Box - FUNNEL AND BOILER LAGGING - FORCED DRAUGHT- - BOILER FITTINGS AND MOUNTINGS.

PART VI. MEASURING INSTRUMENTS . PART VII. VARIOUS DETAILS : BOLTS ,

NUTS, SCREW THREADS, ETC. - PLATFORMS, GRATINGS, LADDERS - FOUNDATIONS - SEATINGS

LUBRICATION - VENTILATION OF ENGINE ROOMS-- Rules FOR SPARE GEAR . PART VIII.

ADDITIONAL TABLES.

MARINE ENGINES AND STEAM VESSELS. By
R . MURRAY, C . E . Eighth Edition , thoroughly Revised, with Additions

by the Author and byGEORGE CARLISLE, C . E . Crown 8vo , cloth 45. 6d.
MARINE INDICATOR CARDS, containing an exhaustive course

of Indicator Diagrams specially arranged for Board of Trade First-Class
Candidates, and also intended for the use of Marine Engineers of all
Grades. By J. W . SOTHERN, M . I . E . S ., Author of “ The Marine Steam

Turbine,” & c . 163 pages with 180 illustrations. Medium Svo, cloth .

Net 58.

MARINE STEAM TURBINE. A Practical Description of the
Parsons Marine Turbine as presently constructed , fitted , and run,

intended for the use of Students, Marine Engineers, Superintendent

Engineers, Draughtsmen , Works' Managers, Foremen Engineers, and

others. By J. W . SOTHERN , M . I. E . S ., Principal, Sothern 's Marine

Engineering College, Glasgow . Illustrated by over 180 Diagrams, Photo

graphs, and Detail Drawings. Third Edition , re- written up to date

and greatly enlarged . 354 pages . Medium 8vo, cloth ... Net 12s. 6d .

MARINE STEAM TURBINES. Forming the Supplementary
Volume to “ Marine Engines and Bcilers." By Dr. G . BAUER, Director

of the Vulcan Works, Stettin , and O . LASCHE, Director of the A . E . G .
Turbine Works, Berlin, assisted by E . LUDWIG and H . VOGEL.
Translated from the German and edited by M . G . S . SWALLOW . 214
pages. With 103 Illustrations and 18 Tables. Medium 8vo , cloth .

Net nos. 6d.
" The book is one of the best on the subject of Steam Turbine design . " - Practical Engineer .

“ The work is solid from first page to last, and the book is one which every student of turbine

theory and practice, and every manufacturer of Turbine machines should add to his library."

Mechanical Engineer .
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MASONRY DAMS FROM INCEPTION TO COM
PLETION . Including numerous Formulæ , Forms of Specification and
Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining

Engineers. By C . F . COURTNEY, M .Inst. C . E . 8vo , cloth .

MASTING, MAST-MAKING , AND RIGGING OF

SHIPS. Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and

Hemp Ropes, etc., relative to every class of vessels. By R . KIPPING .
Crown 8vo, cloth . .. 28 .

MATERIALS AND CONSTRUCTION . A Theoretical and
Practical Treatise on the Strains, Designing, and Erection of Works of
Construction . By F . CAMPIN . Crown 8vo, cloth

MATERIALS, Á TREATISE ON THE STRENGTH OF.
By P. BARLOW , F . R . S ., P . W . BARLOW , F . R . S ., and W . H . BARLOW ,

F . R . S . Edited by WM. HUMBER, A . M .Inst. C . E . 8vo, cloth .., 18s.

MATHEMATICAL TABLES. For Trigonometrical, Astrono
mical, and Nautical Calculations ; to which is prefixed a Treatise on

Logarithms, by H . LAW , C . E . With Tables for Navigation and Nautical

Astronomy. By Prof. J. R . YOUNG . Crown 8vo , cloth .. . ... 45.

MEASURES : BRITISH AND AMERICAN CUSTOM
ARY AND METRIC LEGAL MEASURES. For Commercial and
Technical Purposes, forming the Measure Section of Part I. of “ The

Mechanical Engineer's Reference Book .” By NELSON FOLEY, M .I. N . A .
Folio , cloth ... ... ... Net 75. 6d .

MECHANICAL ENGINEERING . Comprising Metallurgy,
Moulding, Casting, Forging , Tools, Workshop Machinery, Mechanical
Manipulation, Manufacture of the Steam Engine, etc . By FRANCIS

CAMPIN , C . E . Third Edition . Crown 8vo , cloth ... ... 28. 6d .

MECHANICAL ENGINEERING TERMS. LOCKWOOD'S
DICTIONARY. Embracing terms current in the Drawing Office,

Pattern Shop, Foundry, Fitting , Turning, Smiths', and Boiler Shops, etc .
Comprising upwards of 6 ,000 Definitions. Edited by J. G . HORNER,

A . M . I. M . E . Fourth Edition , Revised , with Additions. Crown 8vo , cloth .

[ Just Published . Net 78. 6d .

MECHANICAL ENGINEER 'S COMPANION . Areas,
Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares , cubes, roots, etc . ; Strength of Bolts , Weight of Iron , etc. ;

Weights, Measures, and other Data. Also Practical Rules for Engine

Proportions. By R . EDWARDS, M .Inst. C . E . Fcap. 8vo , cloth . 38. od .

MECHANICAL ENGINEER 'S POCKET- BOOK . Com
prising Tables, Formulæ , Rules, and Data : A Handy Book of Reference

for Daily use in Engineering Practice. By the late D . KINNEAR CLARK ,

M .Inst. C . E . 1913 Edition , Revised and Enlarged. By H . H . P . POWLES,
A . M .Inst. C . E ., M . I. M . E . Small 8vo, 700 pp ., Limp cloth .

[ Just Published . Net 4s. 6d .
MATHEMATICAL TABLES - MEASUREMENT OF SURFACES AND SOLIDS -- ENGLISH WEIGHTS

AND MEASURES - FRENCH METRIC WEIGHTS AND MEASURES - FOREIGN WEIGHTS AND MEASURES

CIFIC GRAVITY, WEIGHT, AND VOLUME - MANUFACTURED METALS - STEEL Pipes
- BOLTS AND NUTS - SUNDRY ARTICLES IN WROUGHT AND Cast IRON , COPPER, BRASS , LEAD ,

Tin , ZINC - STRENGTH OF MATERIALS - STRENGTH OF TIMBER - STRENGTH OF CAST IRON
STRENGTH OF WROUGHT IRON - STRENGTH OF STEEL - TENSILE STRENGTH OF COPPER, LEAD ,

ETC . - RESISTANCE OF STONES AND OTHER BUILDING MATERIALS - RIVETED JOINTS IN BOILER

PLATES -- BOILER SHELLS - WIRE ROPES AND HEMP ROPES - CHAINS AND CHAIN CABLES

FRAMING - - HARDNESS OF METALS, ALLOYS , AND STONES - LABOUR OF ANIMALS - MECHANICAL

PRINCIPLES - GRAVITY AND FALL OF BODIES - ACCELERATING AND RETARDING FORCES - - MILL

GEARING , SHAFTING , ETC. - TRANSMISSION OF MOTIVE POWER - HEAT - - COMBUSTION : FUELS

WARMING , VENTILATION , COOKING STOVES - STEAM - STEAM ENGINES AND BOILERS - RAILWAYS

- TRAMWAYS - STEAM SHIPS - PUMPING STEAM ENGINES AND PUMPS -- COAL GAS - GAS ENGINES,

ETC . - - AIR IN MOTION - COMPRESSED AIR - HOT-AIR ENGINES - WATER POWER - SPEED OF

CUTTING TOOLS - COLOURS - ELECTRICAL ENGINEERING .
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MECHANICAL HANDLING OF MATERIAL . A Treatise
on the Handling of Material such as Coal, Ore, Timber, etc., by

Automatic or Semi-Automatic Machinery, together with the Various

Accessories used in the Manipulation of such Plant, and Dealing fully

with the Handling, Storing , and Warehousing of Grain . By G . F .

ZIMMER, A . M .Inst. C . E . 528 pp. Royal 8vo, cloth , with 550 Illustrations

(including Folding Plates) specially prepared for the Work ... Net 255.

MECHANICS. Being a concise Exposition of theGeneral Principles

of Mechanical Science and their Applications. By C . TOMLINSON ,
F . R . S . Crown 8vo, cloth . .. ... . .. ... . .. Is . 6d.

MECHANICS CONDENSED. A Selection of Formulæ , Rules,

Tables, and Data for the Use of Engineering Students, etc. By

W . G . C . HUGHES, A. M . I. C . E . Crown 8vo, cloth ... ... 25. 6d.

MECHANICS OF AIR MACHINERY. By Dr. J. WIESBACH
and Prof. G . HERRMANN. Authorised Translation with an Appendix on

American Practice by A . TROWBRIDGE, Ph. B ., Adjunct Professor of

Mechanical Engineering, Columbia University. Royal 8vo, cloth .
Net 18s.

MECHANICS' WORKSHOP COMPANION . Comprising
a great variety of the most Useful Rules and Formulæ in Mechanical

Science, with numerous Tables of Practical Data and Calculated Results

for Facilitating Mechanical Operations. By WILLIAM TEMPLETON,
Author of “ The Engineer's Practical Assistant,” etc., etc. Nineteenth
Edition , Revised, Modernised, and considerably Enlarged by W . S .
HUTTON , C . E ., Author of “ The Works' Manager's Handbook ," etc.

Fcap. 8vo, nearly 500 pp., with 8 °Plates and upwards of 270 Diagrams,

leather ... . .. ... . .. ... .. . .. ... ... Net 58.

MECHANISM AND MACHINE TOOLS. By T . BAKER,

C . E . With Remarks on Tools and Machinery by J. NASMYTH, C . E .

Crown 8vo, cloth ... ... ... ... ... ... ... 25. 6d .

MENSURATION AND MEASURING . With the Mensura

tion and Levelling of Land for the Purposes of Modern Engineering.

By T. BAKER, C . Ě . New Edition by E . NUGENT, C . E . Crown Svo ,
cloth ... ... ... . .. ... . .. ... . . . ... 18. 6d .

METAL - TURNING . A Practical Handbook for Engineers,
Technical Students , and Amateurs. By JOSEPH HORNER, A . M . I.Mech . E .,

Author of “ Pattern Making,” etc, Large Crown 8vo, cloth , with 488
Illustrations . .. ... . .. ... ... ... ... Net 9s.
SUMMARY OF CONTENTS : - INTRODUCTION -- RELATIONS OF TURNERY AND MACHINE SHOP

Sec. I . THE LATHE , ITS WORK AND TOOLS - FORMS AND FUNCTIONS OF TOOLS - REMARKS ON

TURNING IN GENERAL - SEC. II. TURNING BETWEEN CENTRES - CENTRING AND DRIVING - USE OF

STEADIES - EXAMPLES OF TURNING INVOLVING LINING -OUT FOR CENTRES — MANDREL WORK

Sec. III. WORK SUPPORTED AT ONE END - FACE PLATE TURNING

INDEPENDENT Jaw CHUCKS - CONCENTRIC , UNIVERSAL , TOGGLE, AND APPLIED CHUCKS - Sec. IV .

INTERNAL WORK - DRILLING , BORING , AND ALLIED OPERATIONS - SEC. V . SCREW CUTTINGS AND

TURRET WORK - Sec. VI. MISCELLANEOUS - SPECIAL WORK - MEASUREMENT, GRINDING - Tool

Holders - SPEED AND Feeds, Tool STEELS - STEEL MAKERS' INSTRUCTIONS.

METRIC TABLES. In which the British Standard Measures and

Weights are compared with those of the Metric System at present in

Use on the Continent. By C . H . DOWLING , C . E . 8vo , cloth . ros. '6d .
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MILLING MACHINES : their Design, Construction , and Work
ing. A Handbook for Practical Men and Engineering Students .
By JOSEPH HORNER, A . M . I.Mech . E ., Author of “ Pattern Making,”

etc. With 269 Illustrations. Medium 8vo, cloth ... Net 12s. 6d .

MOTOR CAR (THE MODERN ), ITS MANAGEMENT,
MECHANISM AND MAINTENANCE. A Practical Handbook for

the Use of Owners and Drivers. By W .GALLOWAY DUNCAN , M . I. M . E . ,

M . I . A . E ., Lecturer on Automobile Engineering, Willesden Polytechnic .

Late Principal of H . M . Government School of Engineering, Dacca ,

India . Second Edition, Revised. 120 pages, with Illustrations. Crown
8vo, cloth ... ... [ Just Published . Net 28. 6d.

MOTOR CAR CATECHISM . Containing about 320 Questions
and Answers Explaining the Construction and Working of a Modern Motor
Car, with a chapter on Motor Cycles. For the Use of Owners, Drivers ,
and Students. By JOHN HENRY KNIGHT. Fourth Edition , Revised .
Crown 8vo , with Illustrations . .. [ Just Published . Net is. 6d .

MOTOR CAR CONSTRUCTION . A Practical Manual for

Engineers , Students, and Motor Car Owners. With Notes on Wind
Resistance and Body Design. By ROBERT W . A . BREWER, Fellow of
the Society of Engineers (Gold Medallist and Bessemer Prizeman ),

Assoc. M .Inst. C . E ., M . I .Mech . E ., M . 1 .Automobile E ., Author of “ The

Art of Aviation .” 250 pp. With numerous Illustrations. Demy 8vo,
cloth . .. . .. . [ Just Published. Net 58 .
HISTORY OF THE INTERNAL COMBUSTION ENGINE - MECHANICAL DETAILS OF CONSTRUCTION

-- CONNECTING Rops, CRANKS AND VALVES - VALVE ACTUATING MECHANISM - STRATIFICATION

THERMAL EFFICIENCY - - Cause AND EXTENT OF HEAT LOSSES - - TESTING OF GAS ENGINES

AND CALCULATIONS OF RESULTS - IGNITION MECHANISM - POWER AND Weight of PETROL

ENGINES - FRICTION AND LUBRICATION OF ENGINES - Two-CYCLE AND FOUR -CYCLE ENGINES

CONTRASTED - CLUTCHES AND CHANGE SPEED GEARS - TRANSMISSION GEAR - LIVE AXLES, BEVEL ,

AND WORM DRIVE - THE DIFFERENTIAL GEAR BRAKES - A REVIEW OF MODERN PRACTICE

FRAMES -- SUSPENSION - FRONTAXLES AND STEERING GEARS - RADIATION -- CARBURATION - LIQUID

FUEL - CARBURETTERS AND THE FLOW OF FUEL - WIND RESISTANCE AND BODY DESIGN.

MOTOR CARS FOR COMMON ROADS. By A . J. WALLIS

TAYLER, A . M . Inst. C . E . 212 pp., with 76 Illustrations. Crown 8vo ,
cloth . .. .. . 45. 6d .

MOTOR CARS : THE GASOLINE AUTOMOBILE. A
Practical Discussion of the Development and Present Status of the

Automobile. By V . LOUGHEED , Founder Member, Society of Automo

bile Engineers, and MORRIS A . HALL, American Society of Mechanical
Engineers. 318 pp., profusely Illustrated Royal 8vo, cloth .

[ Just Published . Net 8s. 6d .

MOTOR VEHICLES FOR BUSINESS PURPOSES. A
Practical Handbook for those interested in the Transport of Passengers

and Goods. By A . J. WALLIS-TAYLER, A . M . Inst. C. E . With 134 Illus
trations. Demy Svo, cloth ...

NAVAL ARCHITECT' S AND SHIPBUILDER ' S
POCKET-BOOK . Of Formulæ , Rules, and Tables, and Marine
Engineer's and Surveyor's Handy Book of Reference. By CLEMENT
MACKROW , M . I. N . A . Tenth Edition . Fcap ., leather Net 12s. 6d .
SIGNS AND SYMBOLS, DECIMAL FRACTIONS - - TRIGONOMETRY - PRACTICAL GEOMETRY -

MENSURATION -- CENTRES AND MOMENTS OF FIGURES - MOMENTS OF INERTIA AND RADII
GYRATION -- ALGEBRAICAL EXPRESSIONS FOR SIMPSON ' s Rules — MECHANICAL PRINCIPLES
CENTRE OF GRAVITY - LAWS OF MOTION - DISPLACEMENT, CENTRE OF BUOYANCY - CENTRE
OF GRAVITY OF Ship' s HULL - STABILITY CURVES AND METACENTRES - SEA AND SHALLOW .
WATER WAVES-- ROLLING OF SHIPS - PROPULSION AND RESISTANCE OF VESSELS - SPEED TRIALS

SAILING , CENTRE OF EFFORT- DISTANCES DOWN RIVERS , COAST LINES - STEERING AND RUDDERS
OF VESSELS - LAUNCHING CALCULATIONS AND VELOCITIES - WEIGHT OF MATERIAL AND GEAR
---GUN PARTICULARS AND WEIGHT - STANDARD GAUGES - RIVETED JOINTS AND RIVETING
STRENGTH AND TESTS OF MATERIALS - BINDING AND SHEARING STRESSES - STRENGTH OF
SHAFTING , PILLARS, WHEELS, ETC . , ETC.

Net gs.
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NAVAL ARCHITECTURE. An Exposition of the Elementary
Principles. By J. PEAKE. Crown 8vo, cloth 35. 6d .

NAVIGATION AND NAUTICAL ASTRON MY. In

Theory and Practice. By Prof. J. R . YOUNG. Crown 8vo, cloth. 2s . 6d .

NAVIGATION , PRACTICAL. Consisting of the Sailor's Sea
Book , by J. GREENWOOD and W . H . ROSSER ; together with Mathe

matical and Nautical Tables for the Working of the Problems, by
H . LAW , C . E . , and Prof. J . R . YOUNG .. . . .. . .. ... 78.

PATTERN MAKING . Embracing the Main Types of

Engineering Construction , and including Gearing, Engine Work ,

Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts,

Pumps and Cocks, the Moulding of Patterns in Loam and Greensand,

Weight of Castings, etc. By J. G .HORNER , A . M . I. M . E . Fourth Edition ,

thoroughly Revised and much Enlarged. 420 pp. , with about 500 Illus

trations. Large Crown 8vo, cloth ... ... ... . .. Net 7s . 6d.

PATTERN MAKING . A Practical Work on the Art of Making
Patterns for Engineering and Foundry Work , including (among other

matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern

Shop Mathematics, Cost, Care, etc., of Patterns. By F . W . BARROWS.

Fully Illustrated by Engravings made from Special Drawings by the

Author. ' Crown 8vo, cloth ... ... Net os.

PETROL AIR GAS. A Practical Handbook on the Installation
and Working of Air Gas Lighting Systems for Country Houses. By

HENRY O 'CONNOR, F . R . S . E ., A . M .Inst. C . E ., & c ., author of “ The Gas

Engineer's Pocket Book ." Second Edition , Revised and Enlarged .

100 pages with Illustrations. Crown 8vo, cloth .

[ Just Published . Net is. 6d .

PETROLEUM MINING AND OIL-FIELD DEVELOP
MENT. A Guide to the Exploration of Petroleum Lands, and a

Study of the Engineering Problems connected with the Winning of

Petroleum . Including Statistical Data of important Oil Fields. Notes

on the Origin and Distribution of Petroleum , and a description of the

Methods of Utilising Oil and Gas Fuel. By A . BEEBY THOMPSON,

A .M . I.Mech. E ., F . G . S ., Author of “ The Oil Fields of Russia.” 384

pages, 114 Illustrations, including 22 full-page plates . Demy Svo, cloth .
Net 155.

PIONEER ENGINEERING . A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New

Countries. By E . Dobson , M . Inst. C . E . Second Edition. Crown 8vo,
cloth ... . .. ... . .. ... .. . ... ... 45. 6d .

PNEUMATICS. Including Acoustics and the Phenomena of Wind

Currents, for the Use of Beginners. By CHARLES TOMLINSON, F .R .S .
Crown 8vo, cloth ... ... Is. 6d .

PORTLAND CEMENT, THE MODERN MANUFAC
TURE OF. A Handbook for Manufacturers, Users, and all interested

in Portland Cement. By PERCY C . H . WEST, Fellow of the Chemical
Society and of the Society of Chemical Industry. Vol. I. “ Machinery
and Kilns." 280 pages, with 159 Illustrations and numerous tables.
Royal 8vo, cloth . . .. ... Net 125. 6d.

PRODUCER GAS PRACTICE (AMERICAN ) AND
INDUSTRIAL GAS ENGINEERING . By NISBET LATTA , M .Amer.

Soc. M . E ., M .Amer. Gas Inst. 558 pp., with 247 Illustrations. Demy

4to, cloth ... . .. . .. Net 258.
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PRODUCER GAS PRACTICE. — continued.
PRODUCER OPERATION - CLEANING THE GAS - WORKS DETAILS - PRODUCER TYPES - MOVING

GASES - SOLID FUELS-- PHYSICAL PROPERTIES OF GASES- CHEMICAL PROPERTIES OF GASES - GAS

ANALYSIS - GAS POWER - Gas ENGINES - INDUSTRIAL GAS APPLICATIONS - FURNACES AND KILNS
BURNING LIME AND CEMENT- PREHEATING AIR - DOHERTY COMBUSTION ECONOMIZER - COM

BUSTION IN FURNACES - HEAT- TEMPERATURE , RADIATION , AND CONDUCTION - HEAT MEASURE

MENTS : PYROMETRY AND CALORIMETRY - PIPES, FLUES, AND CHIMNEYS - -MATERIALS : FIRECLAY,

MASONRY, WEIGHTS. AND ROPE - USEFUL TABLES - OIL FUEL PRODUCER GAS.

PRODUCER GAS. See also GASENGINESANDPRODUCERGASPLANTS.

PUMPS AND PUMPING . A Handbook for Pump Users. Being
Notes on Selection , Construction , and Management. By M . Powis

BALE, M .Inst. C . E ., M . I.Mech . E . Sixth Edition . Crown 8vo , cloth , 3s.6d .

PUNCHES, DIES, AND TOOLS FOR MANUFACTUR
ING IN PRESSES. By JOSEPH V . WOODWORTH . Medium 8vo, cloth ,

482 pages with 700 Illustrations ... .. ... ... Net 16s.

RECLAMATION OF LAND FROM TIDAL WATERS .
A Handbook for Engineers , Landed Proprietors, and others interested

in Works of Reclamation . By A . BEAZELEY, M . Inst. C . E . Svo, cloth

Net nos. 6d .

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE
THEORY OF. By Professor F . RAUSENBERGER . Specially printed

from “ Artilleristische Monatshefte.” Translated by ALFRED SLATER .

100 pages, with 3 Plates. Demy 8vo , cloth ... . .. Net ios. 6d .

REFRIGERATION AND ICE -MAKING POCKET-BOOK .
By A . J . WALLIS- TAYLER, A . M .Inst. C . E ., Author of “ Refrigerating and

Ice-making Machinery,” etc. Fifth Edition , Revised . Cr. 8vo , cloth .
Net 35. 6d .

REFRIGERATION , COLD STORAGE, AND ICE
MAKING . A Practical Treatise on the Art and Science of Refrigera

tion . By A . J . WALLIS- TAYLER, A . M . Inst. C . E . Containing the Third

Edition of “ Refrigerating and Ice -Making Machinery.” Third Edition ,

Thoroughly Revised . 654 pp., 414 Illus. Medium 8vo, cloth .

Net 10s. 6d.

REINFORCED CONCRETE. A Handbook for Architects,

Engineers and Contractors. By F . D . WARREN, Massachusetts

Institute of Technology, with Illustrations, 271 pages. Crown 8vo cloth.

Net nos. 6d .

REINFORCED CONCRETE DESIGN . A Graphical Hand

book by JOHN HAWKESWORTH , C . E ., consisting of a series of Plates

showing graphically,bymeans of plotted curves, the required design for
Slabs, Beamsand Columns, under various conditions of external loading,

together with practical examples explaining the method of using each
Plate. With an Appendix containing the requirements of the Building

Code of New York City in regard to Reinforced Concrete . 64 pages.
15 Full-page Plates. 4to, cloth . .. ... .. . . .. ... Net 12s .

REINFORCED CONCRETE DESIGN SIMPLIFIED .
Diagrams, Tables, and other Data for Designing and Checking accurately

and speedily. By JOHN C . GAMMON , B .Sc. Eng. (London ) ; Assoc.
City Guilds Institute ; Member of the Concrete Institute ; Assistant

Engineer, Public Works Department, India . With an Introduction by

H . KEMPTON Dyson , Secretary of The Concrete Institute ; Lecturer on

Reinforced Concrete, London County Council School of Building.

Demy 4to, cloth . 122 pages. With Thumb Index. . .. Net nos. 6d .
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REINFORCED CONCRETE DIAGRAMS. For the Calcu
lation of Beams, Slabs, and Columns in Reinforced Concrete. By

G . S .COLEMAN , A . M .Inst. C . E . Royal 4to , cloth ... Net 35. 60.

RIVER BARS. The Causes of their Formation , and their Treat
ment by “ Induced Tidal Scour ” ; with a Description of the Successful

Reduction by this Method of the Bar at Dublin . By I. J . MANN , Assist.

Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth . 75 . 6d .

ROADS AND STREETS. By H . LAW , C . E ., and D . K . CLARK ,
C . E . Revised , with Additional Chapters by A . J. WALLIS- TAYLER ,

A . M .Inst.C . E . Seventh Edition . Crown 8vo, cloth ... ... 6s.

ROOFS OF WOOD AND IRON . Deduced chiefly from the

Works of Robison , Tredgold , and Humber. By E . W . TARN, M . A .,

Architect. Fifth Edition . Crown Svo, cloth . .. ... is . 6d .

SAFE RAILWAY WORKING . A Treatise on Railway Acci
dents , their Cause and Prevention ; with a Description ofModern Appli

ances and Systems. By CLEMENT E . STRETTON , C . E . Third Edition ,

Enlarged . Crown 8vo, cloth . .. ... . .. ... . .. 38. 6d .

SAFE USE OF STEAM . Containing Rules for Unprofessional
Steam Users. By an ENGINEER . Eighth Edition. Sewed ... 6d .

SAILMAKING . By SAMUEL B . SADLER, Practical Sailmaker, late
in the employment of Messrs. Ratsey and Lapthorne, of Cowes and

Gosport. Second Edition , Revised. 4to , cloth ... Net 12s. 6d .

SAILOR 'S SEA BOOK . A Rudimentary Treatise on Navigation .

By JAMES GREENWOOD, B . A . With numerousWoodcuts and Coloured

Plates. New and Enlarged Edition . By W . H . ROSSER. Crown 8vo

cloth . . . . . . .. . . ... . . . . .. . . . ... . . . ... . .
... 28. 6d .

SAILS AND SAILMAKING . With Draughting, and the Centre of

Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and

Sails of Steam Vessels, etc. By R . KIPPING , N . A . Crown 8vo, cloth
28. 6d .

SCREW THREADS, and Methods of Producing Them . With

numerous Tables and complete Directions for using Screw -Cutting

Lathes. By PAUL N . HASLUCK , Author of “ Lathe-Work,” etc. Sixth

Edition . Waistcoat-pocket size ... .. . . .. ... iS. 6d .

SEA TERMS, PHRASES, AND WORDS (Technical Dic

tionary. French - English, English - French ), used in the English and

French Languages. For the Use of Seamen, Engineers, Pilots, Ship

builders, Shipowners, and Shipbrokers. Compiled by W . PIRRIE , late of

the African Steamship Company. Fcap. 8vo , cloth ... ... 5s.

SEWERAGE OF SEA COAST TOWNS. By HENRY C .

ADAMS, A . M . Inst. C . E ., M .I.Mech .E ., A . M . I. E . E ., M . R .San.Inst., & c .

132 pages, with Illustrations. Crown 8vo, cloth ... ... ... Net 5S.

SEWERAGE SYSTEMS. Their Design and Construction. A

Practical Treatise upon the Principles of the Design, Construction, and

Maintenance of Town Sewage Systems, with Examples of Existing

Works. By Hugh S . WATSON , A . M .Inst. C . E . With LegalNotes by

ELIDYR B . HERBERT, Barrister-at-Law . 330 pages. Illustrated by 150

Diagramsand Working Drawings Royal 8vo, cloth . Net ios. od .



24 CROSBY LOCKWOOD & SON ’ S CATALOGUE .

SHIPBUILDING INDUSTRY OF GERMANY. Compiled
and Edited by G . LEHMANN -FELSKOWSKI. With Coloured Prints, Art

Supplements, and numerous Illustrations throughout the text. Super

royal 4to , cloth ... ... ... .. . ... Net 1os. 60 . .

SHIPS AND BOATS . By W . BLAND. With numerous Illus

trations and Models. Tenth Edition . Crown 8vo, cloth ... 1s. 6d .
SHIPS FOR OCEAN AND RIVER SERVICE. Principles

of the Construction of. By H . A . SOMMERFELDT. Crown 8vo . is . 6d .

ATLAS OF ENGRAVINGS. To illustrate the above. Twelve large

folding Plates . Royal 4to , cloth .. . ... ... ... 75. 6d .

SMITHY AND FORGE. Including the Farrier's Art and Coach
Smithing. By W . J . E . CRANE. Crown 8vo , cloth . .. ... 28. 60 .

STATIONARY ENGINE DRIVING . A Practical Manual
for Engineers in Charge of Stationary Engines. By MICHAEL

REYNOLDS, M . S . E . Eighth Edition . Crown 8vo, cloth 35. 6d . ;

cloth boards .. . . . . . . . . .. 48. 6d .

STATIONARY ENGINES. A Practical Handbook of their
Care and Management for Men-in -Charge. By C . Hurst. Crown 8vo .

Net is .

STEAM : THE APPLICATION OF HIGHLY SUPER
HEATED STEAM TO LOCOMOTIVES. Being a reprint from a

Series of Articles appearing in “ The Engineer.” By ROBERT GARBE ,

Privy Councillor, Prussian State Railways. Translated from the German .

Edited by LESLIE S . ROBERTSON, Secretary of the Engineering Standards

Committee, M . Inst. C . E ., M . I .Mech . E ., M .Inst. N . A ., etc. Medium Svo ,

cloth . .. .. . . . . . .. . .. . . . .. . .. . 78. 6d .

STEAM AND THE STEAM ENGINE. Stationary and

Portable . Being an Extension of the Treatise on the Steam Engine of

Mr. J . SEWELL . By D . K . CLARK, C . E . Fourth Edition . Crown 8vo,
cloth . . . . . . . . . . . . .. . . . . . . . .. . 38. od .

STEAM AND MACHINERY MANAGEMENT. A Guide
to the Arrangement and Economical Management of Machinery, with

Hints on Construction and Selection . By M . Powis BALE, M .Inst. M . E .

Crown 8vo , cloth . .. ... .. . . .. ... .. . ... 28. 6d .

STEAM ENGINE. A Practical Handbook compiled with especial

Reference to Small and Medium -sized Engines. For the Use of Engine

Makers, Mechanical Draughtsmen , Engineering Students, and users of

Steam Power. By HERMAN HAEDER, C . E . Translated from theGerman ,

with additions and alterations,by H . H . P . POWLES, A . M . I. C . E ., M . I. M . E .

Third Edition , Revised . With nearly 1, 100 Illustrations. Crown Svo,

cloth .. . .. . . .. . .. Net 7s. 6d .
" This is an excellent book , and should be in the hands of all who are interested in the construction

and design of medium -sized stationary engines . . . . A careful study of its contents and the arrange
ment of the sections leads to the conclusion that there is probably no other book like it in this country .

The volume aimsat showing the results of practical experience, and it certainly may claim a complete
achievement of this idea . " - Nature.

STEAM ENGINE. A Treatise on the Mathematical Theory of,

with Rules and Examples for Practical Men. By T . BAKER, C. E .

Crown 8vo, cloth . .. ... . .. ... .. . ... ... is. 60 .

STEAM ENGINE. For the Use of Beginners. By Dr. LARDNER .

Crown 8vo, cloth .. . ... ... ... . .. ... . .. is. 60 .
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STEAM ENGINE. A Text-Book on the Steam Engine, with a
Supplement on Gas Engines and Part II. on Heat Engines. By T . M .

GOODEVE , M . A ., Barrister-at-Law, Professor of Mechanics at the Royal
College of Science, London ; Author of “ The Principles of Mechanics."

“ The Elements of Mechanism ," etc . Fourteenth Edition . Crown 8vo,
cloth . . . . .. . ..

. .. .. . . ... . .... .. . .. . .. ... 6s.

STEAM ENGINE (PORTABLE ) : ITS CONSTRUC
TION AND MANAGEMENT. A Practical Manual for Owners and

Users of Steam Engines generally . By W . D . WANSBROUGH . 180
pages, with 118 Illustrations. Demy 8vo, cloth .

STEAM ENGINEERING IN THEORY AND PRACTICE .
By GARDNER D . Hiscox, M . E . With Chapters on Electrical Engineer

ing. By NEWTON HARRISON , E . E ., Author of “ Electric Wiring , Dia

grams, and Switchboards.” 450 pages. Over 400 Detailed Engravings.
Net 12s . 6d .

HISTORICAL - STEAM AND ITS PROPERTIES - APPLIANCES FOR THE GENERATION OF STEAM

- TYPES OF BOILERS - CHIMNEY AND ITS WORK - HEAT ECONOMY OF THE FEED WATER

STEAM PUMPS AND THEIR WORK - INCRUSTATION AND ITS WORK - STEAM ABOVE ATMOSPHERIC

PRESSURE - FLOW OF STEAM FROM NOZZLES - SUPERHEATED STEAM AND ITS WORK - ADIABATIC

EXPANSION OF STEAM - INDICATOR AND ITS WORK - STEAM ENGINE PROPORTIONS - SLIDE
VALVE ENGINES AND VALVE MOTION - CORLISS ENGINE AND ITS VALVE GEAR - COMPOUND

ENGINE AND ITS THEORY - TRIPLE AND MULTIPLE EXPANSION ENGINE - STEAM TURBINE

REFRIGERATION - - ELEVATORS AND THEIR MANAGEMENT- COST OF POWER - STEAM ENGINE

TROUBLES - ELECTRIC POWER AND ELECTRIC PLANTS.

STEAM TURBINE. See MARINE STEAM TURBINE.

STONE BLASTING AND QUARRYING . For Building
and other Purposes. With Remarks on the Blowing up of Bridges.

By Gen. Sir J. BURGOYNE, K . C . B . Crown 8vo, cloth ... ... is . 6d .

STONE QUARRYING AND THE PREPARATION OF

STONE FOR THE MARKET. By ALLAN GREENWELL,

A . M .Inst. C . E ., and Dr. J. V . ELSDEN. [ In Preparation. Price about

Net 10s. 6d .
STONE-WORKING MACHINERY. A Manual dealing with

the Rapid and Economical Conversion of Stone. With Hints on the
Arrangement and Management of Stone Works. By M . Powis BALE,

M . Inst. C . E . Crown 8vo , cloth . .. ... .. . ... ... 98 .

STRAINS, HANDY BOOK FOR THE CALCULATION
OF. In Girders and Similar Structures and their Strength . Consisting

of Formulæ and Corresponding Diagrams, with numerous details for

Practical Application , etc. ByWILLIAM HUMBER, A . M .Inst. C . E ., etc.

Sixth Edition. Crown 8vo, with nearly 100 Woodcuts and 3 Plates,
cloth . .. ... . .. ... .. . ... . .. ... 78. od.

STRAINS ON STRUCTURES OF IRONWORK . With
Practical Remarks on Iron Construction . By F . W . SHEILDS,

M .Inst. C . E . Svo, cloth .. . ... .. . . .. .. . . .. 55 .

SUBMARINE TELEGRAPHS. Their History, Construction ,

and Working, together with an appendix on “ Wireless Telegraphy.”
Compiled from Authoritative and Exclusive Sources. By CHARLES

BRIGHT, F . R . S . E ., M .Inst. C . E ., M . I .Mech . E ., M . I . E . E . Super royal

Svo, nearly 800 pages, fully Illustrated , including a large number ofMaps

and Folding Plates, strongly bound in cloth . .. ... Net £3 3s.

SUPERHEATED STEAM , THE APPLICATION OF, TO
LOCOMOTIVES. See STEAM .
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS. Including the Setting-out ofWorks for Construc

tion and Surveys Abroad , with many Examples taken from Actual

Practice. A Handbook for Use in the Field and the Office,intended also

as a Text-book for Students . By JOHN WHITELAW , Jun ., A . M .Inst. C . E .,

Author of “ Points and Crossings." With about 260 Illustrations. Second

Edition . Demy 8vo , cloth ... ... .. . ... Net nos. 6d .
SURVEYING WITH THE CHAIN ONLY - SURVEYING WITH THE AID OF ANGULAR INSTRUMENTS

LEVELLING - ADJUSTMENTOF INSTRUMENTS - RAILWAY (INCLUDING ROAD ) SURVEYS AND SETTING

OUT - TACHEOMETRY OR STADIA SURVEYING - TUNNEL ALIGNMENT AND SETTING OUT - SURVEYS
FOR WATER SUPPLY WORKS - HYDROGRAPHICAL OR MARINE SURVEYING - ASTRONOMICAL OBSERVA
TIONS USED IN SURVEYING - EXPLANATION OF ASTRONOMICAL TERMS- SURVEYS ABROAD IN

JUNGLE, DENSE FOREST, AND UNMAPPED OPEN COUNTRY- -TRIGONOMETRICAL OR GEODETIC
SURVEYS .

SURVEYING SHEETS FOR PROFESSIONAL AND
EDUCATIONAL USE. A series of 26 Blank Ruled Forms for use in

Traverse ; Prismatic Compass ; Tacheometer ; Setting -out Curve ;

Levelling. By a Professional Instructor. Oblong royal8vo, paper wrapper

with stiff back .. . . . . . . . . . . . .. . . . .. . Net is . 00 .

SURVEYING , LAND AND ENGINEERING . For Students
and Practical Use. By T . BAKER , C . E . Twentieth Edition, by F . E .
Dixon , A . M .Inst. C . E . With Plates and Diagrams. Crown 8vo , 28 .

SURVEYING , LAND AND MARINE. In Reference to the
Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns

Water Supplies ; Docks and Harbours. With Description and Use of

Surveying Instruments. By W . DAVIS HASKOLL, C . E . " Second Edition ,
Revised , with Additions. Large Crown 8vo, cloth ... . .. 9s .

SURVEYING , LAND AND MINING . As applied to
Collieries and other Mines. For Students, Colliery Officials and Mine

Surveyors. By G . L . LESTON . 308 pp., with 207 Illustrations, and 3

folding Plates . Large crown 8vo, cloth . [ Just Published. Net 6s.

SURVEYING , PRACTICAL. A Text-book for Students Pre
paring for Examinations or for Survey Work in the Colonies. By

GEORGE W . USILL, A . M .Inst. C . E . Tenth Edition, thoroughly Revised
and Enlarged by ALEX. BEAZELEY, M . Inst. C . E . With 4 Lithographic

Plates and 360 Illustrations. Large crown 8vo, 75. 6d. cloth ; or, on

thin paper, leather, gilt edges, rounded corners, for pocket use. 128. 6d.
ORDINARY SURVEYING - SURVEYING INSTRUMENTS - TRIGONOMETRY REQUIRED IN SURVEYING

- CHAIN -SURVEYING - THEODOLITE SURVEYING - TRAVERSING - - Town-SURVEYING - LEVELLING

FICE WORK - LAND QUANTITIES - COLONIAL LICENSING

REGULATIONS - HYPSOMETER TABLES - INTRODUCTION TO TABLES OF NATURAL SINES, ETC. --

NATURAL SINES AND CO-SINES - NATURAL TANGENTS AND CO -TANGENTS – NATURAL SECANTS
AND CO-SECANTS.

SURVEYING , TRIGONOMETRICAL. An Outline of the
Method of Conducting a Trigonometrical Survey. For the Formation of

Geographical and Topographical Maps and Plans, Military Recon

naissance, Levelling, etc. By Lieut.-General FROME, R . E . Fourth
Edition , Revised by Major-General Sir CHARLES WARREN . With 19

Plates and 115 Woodcuts. Royal 8vo, cloth ... ... 16s.

SURVEYING WITH THE TACHEOMETER . A Practical
Manual for the Use of Civil and Military Engineers and Surveyors,

including two series of Tables specially computed for the Reduction of

Keadings in Sexagesimal and in Centesimal Degrees. By NEIL

KENNEDY, M .Inst. C . E . 112 pp. With Diagrams and Plates. Third

Edition , Revised. Demy 8vo, cloth [ Just Published . Net ios. 6d.
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SURVEY PRACTICE. For Reference in Surveying, Levelling,
and Setting -out ; and in Route Surveys of Travellers by Land and Sea.

With Tables, Illustrations, and Records. By L. D : A . JACKSON ,

A . M . Inst.C . E . Third Edition. Svo , cloth ... ... 128. 6d .

SURVEYOR 'S FIELD BOOK FOR ENGINEERS AND

MINING SURVEYORS. Consisting of a Series of Tables, with Rules,
Explanations of Systems, and Use of Theodolite for Traverse Surveying

and Plotting the work with minute accuracy bymeans of Straight Edge

and Set Square only ; Levelling with the Theodolite, Setting-out Curves
with and without the Theodolite, Earthwork Tables, etc. By W . DAVIS

HASKOLL, C . E . With numerous Woodcuts. Fifth Edition, Enlarged.

Crown 8vo, cloth ... . .. . . .. . . . . . . .. . 128 .

TECHNICAL TERMS, ENGLISH -FRENCH , FRENCH

ENGLISH : A Pocket Glossary ; with Tables suitable for the Archi
tectural, Engineering, Manufacturing , and Nautical Professions. By

JOHN JAMES FLETCHER . Fourth Edition , 200 pp . Waistcoat-pocket

size, limp leather ... .. . . . . 18 . 6d .

TECHNİCAL TERMS, ENGLISH -GERMAN . GERMAN

ENGLISH : A Pocket Glossary suitable for the Engineering, Manu
facturing , and Mining Industries . Compiled by J . G . HORNER ,

A . M . I.Mech . E ., Translated and Revised by ALFRED SCHLOMANN, Editor

of " Illustrated Technical Dictionaries in Six Languages." Waistcoat
pocket size ... ... [ Nearly Ready.

TECHNICAL TERMS, ENGLISH -SPANISH , SPANISH
ENGLISH : A PocketGlossary suitable for the Engineering,Manufactur

ing, and Mining Industries. By R . D . MONTEVERDE, B . A . (Madrid ).

316 pp . Waistcoat-pocket size, limp leather. . ... Net 2s. 6d .

TELEPHONES : THEIR CONSTRUCTION , INSTAL

LATION , WIRING, OPERATION AND MAINTÉNANCE. A
Practical Reference Book and Guide for Electricians, Wiremen , Engi

neers, Contractors, Architects , and others interested in Standard Tele

phone Practice. By W . H . RADCLIFFE and H . C . CUSHING , JR .

180 pages. With 125 Illustrations. Fcap . 8vo, cloth ... Net 4s. 6d .

TELEPHONES : FIELD TELEPHONES FOR ARMY
USE : INCLUDING AN ELEMENTARY COURSE IN ELECTRI.

CITY AND MAGNETISM . By Lieut. E . J . STEVENS, R . A .,

A . M . I. E . E ., Instructor, School of Signalling, Aldershot, Late Instructor

in Electricity , Ordnance College, Woolwich . Second Edition , Revised

and Enlarged . Crown 8vo, cloth, 138 pp. With Illustrations

[ Just Published. Net 2s. 6d .
BATTERIES - ELECTRICAL CIRCUITS - - MAGNETISM - INDUCTION - MICROPHONES AND RE

CEIVERS - PORTABLE AND FIELD TELEPHONE SETS - SELF-INDUCTION , INDUCTIVE CAPACITY
STEVENS-LYON SIGNAL LAMP, ETC.

TELEPHONY : A COMPREHENSIVE AND DETAILED
EXPOSITION OF THE THEORY AND PRACTICE OF THE

TELEPHONE ART. By. SAMUEL G . MCMEEN , Memb. Am . Inst .

Electrical Engineers, and KEMPSTER B . MILLER , Memb. Am . Inst .

Electrical Engineers. 950 pp., with 670 Illustrations. Royal 8vo, cloth .

[ Just Published . Net 175.
* * Graphic in its treatment, this work is easy to understand , and will add to the knowledge of

the experienced telephone operator. It covers the Installation , maintenance and operation of all
types of telephone systems.

TELEPHONY. See also WIRELESS TELEPHONY and WIRELESS
TELEGRAPHY.
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456 Illustrations ... ... Net os.

TOOTHED GEARING . A Practical Handbook for Offices and

Workshops. By J. HORNER , A . M . I. M . E . Second Edition , with a New

Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth .
6s.

TRAMWAYS : THEIR CONSTRUCTION AND WORK .
ING . Embracing a Comprehensive History of the System ; with an

exhaustive Aralysis of the Various Modes of Traction , including Horse

Power, Steam , Cable Traction , Electric Traction , & c. ; a Description of

the Varieties of Rolling Stock ; and ample Details of Cost and Working

Expenses New Edition , thoroughly revised , and Including the Progress

recently made in Tramway Construction , etc . By D . KINNEAR CLARK ,

M .Jnst.C . E . With 400 Illustrations. Svo, 780 pp. buckram ... 28s.

TRÜSSES OF WOOD AND IRON . Practical Applications

of Science in Determining the Stresses , Breaking Weights, Safe Loads,

Scantlings, and Details of Construction . With Complete Working

Drawings. By W .GRIFFITHS, R .I. B . A . Oblong 8vo, cloth . 45. 6d .

TUNNELLING . A Practical Treatise. By CHARLES PRELINI, C . E .

With additions by CHARLES S . Hill, C . E . With 150 Diagrams and
Illustrations. Royal 8vo, cloth .. . ... ... ... Net 16s.

TUNNELLING , PRACTICAL. Explaining in detail Setting-out

the Works, Shaft-sinking, and Heading -driving, Ranging the Lines and

Levelling underground, Sub -Excavating, Timbering and the Construction

of the Brickwork of Tunnels. By F . W . SIMMS, M . Inst. C . E . Fourth

Edition, Revised and Further Extended, including the most recent (1895 )

Examples of Sub -aqueous and other Tunnels, by D . KINNEAR CLARK.

M . Inst. C . E . With 34 Folding Plates. Imperial 8vo, cloth . .. £2 28.

TUNNEL SHAFTS . A Practical and Theoretical Essay on the
Construction of large Tunnel Shafts . By J . H . WATSON BUCK ,

M . Inst. C . E ., Resident Engineer, L . and N . W . R . With Folding Plates,
8vo, cloth . .. ... ... .. . ... . .. ... . .. 125.

WAGES TABLES. At 54, 52, 50 and 48 Hours per Week . Show

ing the Amounts of Wages from One quarter of an hour to Sixty- four

hours, in each case at Rates of Wages advancing by One Shilling from

45. to 555. per week. By THOS.GARBUTT, Accountant. Square Crown

8vo , half-bound ... ... . .. ... . .. ... . .. ... 6s.

WATER ENGINEERING . A Practical Treatise on theMeasure

ment, Storage , Conveyance, and Utilisation ofWater for the Supply of

Towns, for Mill Power, and for other Purposes. By CHARLES SLAGG,

A . M .Inst.C . E . Second Edition . Crown 8vo, cloth ... ... 75. 6d.

WATER , FLOW OF. A New Theory of the Motion of Water

under Pressure and in Open Conduits and its practical Application . By

LOUIS SCHMEER , Civil and Irrigation Engineer. 234 pages, with Illus
trations. Medium 8vo , cloth .. . Net 12s. 60 .
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WATER , POWER OF. As Applied to Drive Flour Mills and to
give Motion to Turbines and other Hydrostatic Engines. By JOSEPH

GLYNN, F. R . S ., etc. New Edition. Illustrated. Crown 8vo, cloth 25.

WATER SUPPLY OF CITIES AND TOWNS. By
WILLIAM HUMBER, A . M .Inst.C . E . and M .Inst.M . E ., Author of “ Cast
and Wrought Iron Bridge Construction ," etc. , etc . Illustrated with 50

Double Plates, i Single Plate, Coloured Frontispiece, and upwards of
250 Woodcuts, and containing 400 pp. of Text. Imperial 4to, elegantly
and substantially half-bound in morocco ... ... ... Net £6 6s.
LIST OF CONTENTS : - I. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE

BEEN ADOPTED FOR THE SUPPLY OF WATER TO CITIES AND TOWNS - II. WATER AND THE

FOREIGN MATTER USUALLY ASSOCIATED WITH IT . - III. RAINFALL AND EVAPORATION . - IV .

SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. -- V . MEASUREMENT

AND ESTIMATION OF THE FLOW OF WATER . – VI. ON THE SELECTION OF THE SOURCE OF

SUPPLY. – VII. WELLS. - VIII. RESERVOIRS. - IX . The PurIFICATION OF WATER. - X . PUMPS.

XI. PUMPING MACHINERY. - XII. CONDUITS . - XIII. DISTRIBUTION OF WATER . -- XIV . METERS,

SERVICE PIPES, AND HOUSE FITTINGS. - XV . THE LAW AND ECONOMY OF WATER WORKS.

XVI. CONSTANT AND INTERMITTENT SUPPLY. - -XVII. DESCRIPTION OF PLATES - APPENDICES,

GIVING TABLES OF RATES OF SUPPLY, VELOCITIES , ETC., ETC., TOGETHER WITH SPECIFICATIONS
OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH WILL BE FOUND : ABERDEEN, BIDEFORD,

CANTERBURY, DUNDEE , HALIFAX , LAMBETH , ROTHERHAM , DUBLIN , AND OTHERS.

“ The most systematic and valuable work upon water supply hitherto produced in English , or in
any other language. Mr. Humber' s work is characterised almost throughout by an exhaustiveness

much more distinctive of French and German than of English technical treatises." - Engineer.

WATER SUPPLY OF TOWNS AND THE CON
STRUCTION OF WATERWORKS. A Practical Treatise for the

Use of Engineers and Students of Engineering. By W . K . BURTON ,
A . M .Inst. C . E ., Consulting Engineer to the Tokyo Waterworks. Third

Edition , Revised . Edited by ALLAN GREENWELL, F .G . S ., A . M . Inst. C . E .,

with numerous Plates and Illustrations. Super-royal 8vo, buckram . 258.

I. INTRODUCTORY. - 11. Different QUALITIES of Water. - III. QUANTITY OF WATER to be
PROVIDED . - IV . ON ASCERTAINING WHETHER A PROPOSED SOURCE OF SUPPLY IS SuffICIENT. - V .
ON ESTIMATING THE STORAGE CAPACITY REQUIRED TO BE PROVIDED. - VI. CLASSIFICATION OF

WATERWORKS. - VII. IMPOUNDING RESERVOIRS. – VIII . EARTHWORK DAMS. - IX . MASONRY

DAMS. - X . THE PURIFICATION OF WATER . - XI. SETTLING RESERVOIRS. - XII. SAND FILTRA
TION . - XIII. PURIFICATION OF WATER BY ACTION OF IRON , SOFTENING OF WATER BY ACTION OF

LIME, NATURAL FUTRATION . - XIV . SERVICE OR CLEAN WATER RESERVOIRS - WATER TOWERS

STAND PIPES. - XV , THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE

RESERVOIRS. - XVI. PUMPING MACHINERY. - XVII. Flow OF WATER IN CONDUITS - PIPES AND

OPEN CHANNELS. XVIII . DISTRIBUTION SYSTEMS. — XIX . SPECIAL PROVISIONS FOR THE EXTINC.

TION OF FIRES . - XX. PIPES FOR WATERWORKS. - XXI. PREVENTION OF WASTE OF WATER . --

XXII. VARIOUS APPLIANCES USED IN CONNECTION WITH WATERWORKS.

APPENDIX I. By Prof . John Milne, F . R . S . - CONSIDERATIONS CONCERNING THE PROBABLE
EFFECTS OF EARTHQUAKES ON WATERWORKS AND THE SPECIAL PRECAUTIONS TO BE TAKEN IN

EARTHQUAKE COUNTRIES.

Appendix II. By John De RIJKE, C . E . - ON Sand Dunes and Dune SANDS AS A Source of
WATER SUPPLY.

“ Wecongratulate the author upon the practical commonsense shown in the preparation of this
work . . . . The plates and diagramshave evidently been prepared with great care, and cannot
fail to be of great assistance to the student." - Builder.

WATER SUPPLY, RURAL. A Practical Handbook on the
Supply of Water and Construction of Water Works for small Country

Districts. By ALLAN GREENWELL , A . M . Inst. C . E ., and W . T . CURRY,

A . M .Inst. C . E ., F .G .S . With Illustrations. Second Edition, Revised.
Crown 8vo , cloth . . . . . . . . . . . . . . . . . . . . . ss.

“ The volume contains valuable information upon all matters connected with water supply , . . .
It is full of details on points which are continually before water-works engineers.” - Nature.

WELLS AND WELL -SINKING . By J. G . SWINDELL, A . R . I. B . A .,
and G . R . BURNELL, C. E . Revised Edition. Crown 8vo, cloth 28.



CROSBY LOCKWOOD & SON ' S CATALOGUE.
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PRACTICE. A Handbook for the use of Electrical Engineers, Students,
and Operators. By JAMES ERSKINE-MURRAY, D .Sc., Fellow of the

Royal Society of Edinburgh, Member of the Institution of Electrical
Engineers. Fourth Edition , Revised and considerably Enlarged . 450
pages, with 195 Diagrams and Illustrations. Demy Svo , cloth .

[ Just Published . Net nos. 6d .
ADAPTATIONS OF THE ELECTRIC CURRENT TO TELEGRAPHY - EARLIER ATTEMPTS ATWIRE.

Less TELEGRAPHY --- APPARATUS USED IN THE PRODUCTION OF High FREQUENCY CURRENTS

DETECTION OF SHORT- LIVED CURRENTS OF High FREQUENCY BY MEANS OF IMPERFECT
ELECTRICAL CONTACTS -- DETECTION OF OSCILLATORY CURRENTS OF HIGH FREQUENCY BY

THEIR EFFECTS ON MAGNETISED IRON - THERMOMETRIC DETECTORS OF OSCILLATORY CURRENTS

OF HIGH FREQUENCY - ELECTROLYTIC DETECTORS AND CRYSTALLINE RECTIFIERS - THE

MARCONI SYSTEM - THE LODGE MUIRHEAD SYSTEM - THE FESSENDEN SYSTEM - THE HOZIER

BROWN SYSTEM - - WIRELESS TELEGRAPHY IN ALASKA - The De Forest SYSTEM - THE
POULSEN SYSTEM - THE TELEFUNKEN SYSTEM - THE LEVEL AND OTHER SHOCK -ExcitATION
SYSTEMS - DIRECTED SYSTEMS - SOME POINTS IN THE THEORY OF JIGS AND JIGGERS- ON

THEORIES OF TRANSMISSION - WORLD -Wave TELEGRAPHY - ADJUSTMENTS, ELECTRICAL

MeasuREMENTS AND FAULT TestING - ON THE CALCULATION OF A SYNTONIC WIRELESS
TELEGRAPH STATION - TABLES AND NOTES.

“ . . . . A serious and meritorious contribution to the literature on this subject. The Author
brings to bear not only great practical knowledge, gained by experience in the operation of wireless

telegraph stations, but also a very sound knowledge of the principles and phenomena of physical

science. Hiswork is thoroughly scientific in its treatment, showsmuch originality throughout, and
merits the close attention of all students of the subject." - Engineering .

WIRELESS TELEPHONES AND HOW THEY WORK .
By JAMES ERSKINE MURRAY, D .Sc., F . R . S . E ., M . I. E . E ., Lecturer on

Wireless Telegraphy and Telephony at the Northampton Institute,

London ; Fellow of the Physical Society of London ; Author of “ Wire
less Telegraphy, " and Translator of Herr Ruhmer's “ Wireless Tele

phony." Second Edition , Revised. 76 pages. With Illustrations and
Two Plates. Crown 8vo, cloth . .. . .. . Net is. 60.
How weHEAR - HISTORICAL - The CONVERSION OF SOUND INTO ELECTRIC WAVES - WIRELESS

TRANSMISSION - THE PRODUCTION OF ALTERNATING CURRENTS OF HIGH FREQUENCY - HOW THE

ELECTRIC WAVES ARE RADIATED AND RECEIVED - THE RECEIVING INSTRUMENTS - DETECTORS

ACHIEVEMENTS AND EXPECTATIONS -GLOSSARY OF TECHNICAL Words -- Index .

WIRELESS TELEPHONY IN THEORY AND PRAC
TICE. By ERNST RUHMER. Translated from the German by
J. ERSKINE-MURRAY, D .Sc., M . I. E . E ., etc . Author of “ A Handbook
of Wireless Telegraphy.” With numerous Illustrations. Demy 8vo ,
cloth .. . .. . . .. Net jos. 60 .

ry full descriptive a count of the experimental work which has been carried out on Wireless

Telephony is to be found in Professor Ruhmer's book . The volume is profusely illustrated
by both photographs and drawings, and should prove a useful reference Work for those directly or

indirectly interested in the subject." - Nature.

“ The explanations and discussions are all clear and simple, and the whole volume is a very

readable record ofimportant and interesting work ." - Engineering .

WORKSHOP PRACTICE. As applied to Marine, Land, and
Locomotive Engines, Floating Docks, Dredging Machines, Bridges,
Shipbuilding, etc. By J. G . Winton. Fourth Edition, Illustrated.
Crown 8vo , cloth ... 38. 6d .

WORKS' MANAGER 'S HANDBOOK . Comprising Modern
Rules, Tables, and Data . For Engineers, Millwrights, and Boiler

Makers ; Toolmakers, Machinists, and Metal Workers ; Iron and Brass
Founders, etc. By W . S . HUTTON, Civil and Mechanical Engineer,
Author of “ The Practical Engineer's Handbook ," Seventh Edition,
carefully Revised and Enlarged . Medium & vo, strongly bound 158.
STATIONARY AND LOCOMOTIVE STEAM -ENGINES,Gas PRODUCERS,GAS-ENGINES, OIL -ENGINES,

ETC HYDRAULIC MEMORANDA : PIPES, PUMPS , WATER -POWER , ETC. - MILLWORK : SHAFTING .

GEARING . PULLEYS , ETC. - - STEAM BOILERS, SAFETY VALVES, FACTORY CHIMNEYS, ETC .

- Heat, ' WARMING , AND VENTILATION - MELTING , CUTTING , AND FINISHING METALS
ALLOYS AND CASTING - WHEEL-CUTTING , SCREW -CUTTING , ETC. - STRENGTH AND WEIGHT OP
MATERIALS - WORKSHOP DATA, ETC.
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4. PROPERTIES OF STANDARD BEAMS. ( Included i No. 6 . ) .

Deny 8vo, sewed IS. Net.

5. STANDARD LOCOMOTIVES FOR INDIAN RAILWAYS.

Superseded.
6 . PROPERTIES OF BRITISH STANDARD SECTIONS. Diagrams

and Definitions, Tables, and Formulæ . Demy Svo, cloth 25. od. Net.
7. TABLES OF BRITISH STANDARD COPPER CON

DUCTORS . .. 58. Net.

8. TUBULAR TRAMWAY POLES ... . .. 58. Net.

9 . BULL -HEADED RAILWAY RAILS ... ... 218. Net.
10. TABLES OF PIPE FLANGES . 28. 6d . Net.

11. FLAT-BOTTOMED RAILWAY RAILS ... 218. Net.

12. SPECIFICATION FOR PORTLAND CEMENT . . 58 . Net.

13. STRUCTURAL STEEL FOR SHIPBUILDING 58. Net.

14. STRUCTURAL STEEL FOR MARINE BOILERS ... 58. Net.

15 . STRUCTURAL STEEL FOR BRIDGES AND GENERAL BUILD.
ING CONSTRUCTION 55. Net.

16 . SPECIFICATIONS AND TABLES FOR TELEGRAPH
MATERIALS ... 218. Net.

INTERIM REPORT OP ELECTRÏCAL"MACHINERY --> was
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