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where race has overrun race and culture succeeded culture, 
arch:::eology is not self-sufficient, but it may often point 
the way to further research. For instance, at Ixkum, in 
northern Guatemala, a stone relief shows two typica'. 
Maya standing on two individuals of a totally different 
type. The latter probably represent a conquered race. 
Near the city of Guatemala stone figures have been dis
covered closely resembling this non-Maya people. Ruins 
in the neighbourhood bear an interesting resemblance in 
plan to those at the famous site of Teotihuacan in Mexico, 
but the site still a waits proper investigation. 

Another point from which the antiquity of American 
culture may be argued is the distinctive nature of American 
art; but while general similarities exist all over Central 
and South America, local developments occur, e.g. at 
Mitla, which are not only sui generis, but are, apparently, 
accompanied by no remains which indicate how they were 
evolved. Certain motives appear to be almost universal, 
such as the serpent, and the quetzal-bird, which occur in 
various combinations, and also the water-plant, which is 
interesting as being the only vegetable form in American 
art. A few instances such as these show what a vast field 
for investigation is offered by America, the study of which 
has been rather neglected in this country. This year, in 
May, we shall be welcoming the International Congress 
of Americanists to London, and though we possess in 
England more pre-Columbian objects of interest than any 
other European country, it is the first time that we have 
acted as hosts to the leaders of American research. 

THE USE OF PHOSPHATIC FERTILISERS IN 
FRANCE. 

SOME years ago M. Risler took an inventory of the soils 
of France, classing them as complete if they contained 

sufficient food material to yield fair crops, and incomplete 
if they were markedly deficient in any particular food con
stituent. Out of a total agricultural area. of 49,000,000 
hectares, no fewer than 36,000,000 were deficient in phos
phates, and could not be made to yield profitable crops 
without liberal dressings of phosphatic fertilisers-a state 
of affairs that was not the result of previous bad cropping, 
but of lack of phosphorus in the original rnck material. 

In order to make good this deficiency, French agri
culturists use both basic slag and superphosphates, but very 
little of the rock phosphates so popular in America. More 
than a quarter of a million tons of basic slag are used 
annually on the grass land, especially where the soil is 
derived from granite and schists, while about one and a 
half million tons of superphosphate are used annually on 
the arable land, and a good deal of phosphate is also con
tained in the guano applied as fertiliser. 

But, vast as these quantities are, they are insufficient, 
and consequently there has been a marked increase in the 
price of phosphatic fertilisers during recent years. The 
various factors coming into play have been recently analysed 
in an article by M. Hitier in the Bulletin de la Societe 
d'Encouragement pour l'Industrie Nationale (No. 6, 
vol. cxv.). 

Superphosphate, as is well known, is made by treating 
rock phosphate-an impure tri-calcic phosphate-with 
sulphuric acid, and in order to overcome transport and 
other difficulties, the sulphuric acid is usually made on the 
spot at the factory itself. Both the raw phosphate and 
the pyrites from which the sulphuric acid is made have 
increased in price ; the world's consumption of phosphates, 
which was four and a half million tons in 1898, had in 
1908 increased to ten million tons. The price of super
phosphates in France has usually been lower than in 
England, but now that the French deposits of rock phos
phate are giving out, it has been necessary to look else
where. At present nearly half of the world's supply comes 
from North America, North Africa, however, also furnish
ing a great deal. Other supplies come from the Pacific 
Islands and the north of France and Belgium. 

Investigations have shown that dressings of phosphates 
not only raise the quantity of the crop, but also improve 
the quality. Muntz showed that dairy produce, particu
larly butter, of the finest quality was. obtained only from 
pastures exceptionally rich in phosphates. More recently 
M. Paturel has traced a clear connection between the 
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quality of wine and the supply of phosphates. Analyses 
of numerous samples during the last ten years show that 
the best wines are richest in phosphoric acid, of which, 
they contain about 0-3 gram per litre, whilst the second,. 
third, and fourth classes are successively poorer. Further, 
if the vintages for different seasons are arranged in order 
of their phosphoric acid content, the list thus obtained is 
almost identical with the order of merit assigned by the 
wine merchants. 

THE CARBONISATION OF COAL.' 
II. 

HAVING gained an idea of the results desired in the 
manufacture of illuminating gas and furnace coke, 

we can pass on to the thermal conditions existing during 
carbonisation, and at the outset we are met by the 
difficulty that little is known as to the heat of formation 
of coal, and that a variety of opinions exists on this point. 

It is evident that, as the composition of coal in a mine 
will vary not only in different seams, but even in the 
same seam, there is no definite composition, and that 
nothing can be known as to the heat of formation except 
by direct determination, which necessitates experimental 
estimations of so complicated a character that the intro
duction of errors is extremely likely to vitiate the results. 

Probably the most valuable work done in this directiol' 
is to be found in a report presented by M. Euchene on 
the thermic reactions which occur during the distillation 
of coal, which is in the Transactions of the International 
Gas Congress in Paris, 1900, in which he determines the 
thermo-chemical data coming into play during the dis
tillation of coal in the manufacture of gas, with careful 
estimations of the heat of formation of the products of 
the distillation as compared with the heat developed by 
the fuel needed for the distillation ; that is to say, a 
balance is struck, showing on the one side the heat 
generated, and on the other the heat expended, the differ
ence found representing the heat of the decomposition 
of coal. 

Mahler also determined the calorific value of a coal 
and of the products obtained on carbonisini:( it, and both 
these observers found that the calorific value of the coal 
exceeded that of the products-that is, that coal is endo
thermic, and that its decomposition evolves heat-but it 
is quite clear that in the determination of a factor of this 
kind, which is dependent upon the difference between two 
figures obtained from a highly complicated set of deter
minations, each with its own source of error, and all 
tending in the same direction, these will be borne by 
the resultant, and it is not surprising, therefore, to find 
that with a coal of the same type Mahler found the heat 
of decomposition to be + 254-83 calories, whilst Euchene 
found it to be + 63-51 calories. 

In Mahler's work the result was arrived at by deducting 
the heat of combustion of the products from the heat of 
combustion of the coal, whilst Euchene's determinations 
were obtained by taking the difference between the heat 
supplied and the heat consumed during distillation, so 
that the difference between the two would be likelv to 
be increased by errors leading in opposite directions. · 

M. Euchene has determined in this way the heat liber
ated during the distillation of three types of coal, these 
results showing in a striking way that the heat liberated 
increases in nearly regular ratio with the amount of 
volatile matter in the coal, and that the more oxygen 
the coal contains, the more endothermic its reaction, a 
fact which points clearly to its being the oxygen-bearing 
compounds in the coal which give it its endothermic 
character. 

It seems likely that when the oxygen in the coal falls 
below 3 per cent., all endothermicity will disappear, or 
at any rate become negligible, whilst with gas coals of 
the type most used in England, containing about 32 per 
cent. of volatile matter and 7 to 8 per cent. of oxygen, 
it will approximate to 250 calories or 450 B.Th.U. per 
pound of coal, but all the evidence as to this property in 
coal is of an unsatisfactory character. 

When a coal is carbonised, it decomposes into gases 
l From a course of Cantor lectures given at the R oval Society of Art-; in 

November and December, 19rr, by Prof. Vivian B. Lewes. Continued from 
p. 368. 
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and vapours, leaving behind the solid coke, and heat is 
used up in bringing about the change of state. When 
x lb. of coal is decomposed in the retort, the heat used 
up in the decomposition and distillation amounts to 
462 B.Th.U. over and above the heat due to endothermic 
reactions. The heat withdrawn from the retort by the 
hot gas and vapours amounts to 324 B. Th. U., and the heat 
in the red-hot coke when it is drawn accounts for another 
442 B.Th. U., so that the heat that has to be actually sup
plied for the carbonisation is 462+324+442=1228 B.Th.U. 

The losses in the setting, however, exceed this, and 
in an ordinary horizontal bench would be 1463 B. Th. U. 
escaping with the flue gases, 398 B.Th.U. lost to the air 
by radiation and convection, and 23 B. Th. U. in the ash, 
making in all 1884 B. Th. U. 

The thermal value of the reactions in the retort will 
remain the same whether the distillation be carried out 
in a horizontal, vertical, or inclined retort, in a coke oven 
or a chamber, and it is chiefly in the setting that the 
economies have been made which have reduced the car
bonising fuel to the figures attained in modern practice. 

In the horizontal retort setting quoted above, the total 
heat used would be 1228 + 1884=3rr2; now, 1 lb. of gas 
coke gives an average of 14,200 B.Th.U. in its combustion, 
so would give enough heat to carbonise 4-5 lb. of coal, 
or, in other words, the coal would require 21-9 per cent. 
of its weight of coke to carbonise it, whilst if the whole 
of the heat of combustion could be used in the retort, 
8-6 per cent. would be sufficient. 

A fair idea of the economies that are possible can be 
obtained by stating the heat used in the setting and retort 
in percentages:-

B.Th.U. Per cent, of 
per lb heat used 

{

I. Decomposition and 
15

_
7
1 

distillation 462 
Used in retort 2. Escaping in gas and 39·3 

vapours .. 324 rn·4J 
3. In hot coke 442 I 3 ·2 

{

I. Flue gases 1463 47·2} 
2 Radiation and con-

Used in setting . vection 398 I 2 ·8 60 ·7 
3. Ash 23 0·7, 

so that 39·3 per cent. of the heat is used in the retort, and 
60-7 in the setting, the item which overshadows all others 
being the 47-2 per cent. which escapes up the chimney 
in the hot flue gases. 

It is evident that the first step towards economy is to 
be found in a better utilisation of _the heat in the setting, 
so as to abstract so far as possible the heat from the 
products of combustion, and this is done by regeneration, 
which reduces the flue gases by more than 300° C. in 
temperature, and brings down the loss due to this item from 
47-2 to 25-2 per cent., whilst feeding the producers with 
red-hot coke from the retort effects a further economy, with 
the result that the fuel used falls from 21-9 to 14-8 per 
cent. and even lower. 

Under these conditions the percentage of heat used in 
doing the work of carbonisation would be largely increased, 
and the chart would be as follows :-

Used in retort { ~: 

Used in setting{!: 
3. 

Decomposition and distillation 
Escaping in gas and vapours ... 
In hot coke 
Flue gases 
Radiation and convection 
Ash 

21'4} 
13·8 54 ·r 

~~:;} 
I9'9 45·9 
o·8 

so that more than one-half the heat is utilised in work. 
In the most modern practice results as low as rn-24 

per cent. of the weight of the coal carbonised have been 
quoted, whilst in vertical retorts and chamber carbonisation 
12 to 15 per cent. is the usual figure, these advances being 
made by utilising hot coke in the producers, more perfect 
regeneration, and reduction of the radiation. 

The factor which endows all carbonisation problems with 
especial difficulty is that we are dealing with a bodv of 
such varying composition that no two samples are a"Iike, 
whilst the conditions under which we are decomposing 
them varv from minute to minute. 

The c~nduction of heat through a substance like the 
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walls of a fireclay retort is a determination fraught with 
many troubles, as the conditions existing in a retort heated 
in a bench are totally different from those that can be 
obtained in making experimental determinations in a 
laboratory. In any calorimetric determination the one side 
of the test-piece is continuously cooled by ,the calorimeter, 
whilst the heat poured into the other side is very different 
in effect to the mass of heated material existing in the 
flues surrounding the working retort. 

The rate at which heat is transmitted under working 
conditions depends upon the degree of heat in the flue 
and outer walls of the retort, the higher the temperature 
the more rapid being the transmission, whilst the differ
ence between the temperature of the outer and inner skin 
of the retort is a factor of the greatest importance ; the 
greater the difference, i.e., the cooler the inner skin and 
the mass in contact with it, and the hotter the outer skin 
in the flue, the more rapidly will the heat pass. Again, 
the rapidity of transmission varies with the character of 
the fireclay, with its porosity, and with the temperature 
and length of time for which it has been baked, so that 
it is impossible to give any definite figure as to the rate 
of conductivity or transmission which shall hold good in 
all cases. Determinations based upon the rate of trans
mission at comparatively low temperatures may be dis
carded at once as valueless, but Mr. G. Beilby determined 
the conducting power of fireorick, and came to the con
clusion that one square foot of firebrick, one inch thick, 
passed 6-59 centigrade pound units, or rr-86 B.Th. U. per 
hour for each degree centigrade of difference between the 
sides of the brick, when these differences were of the 
magnitude of 200-300° C. 

My own opinion is that at the ordinary working tem
perature of a retort under gasworks conditions the amount 
of heat transmitted approximates to 25 B. Th. U. per square 
foot of surface for each 1° C. difference in the temperature 
of the outer and inner surface of the retort, and that this 
is not seriously affected by the thickness of the fireclay, 
as conduction is so slow with a retort 3 inches thick that 
it is probably only the internal portion that is cooled to 
any great degree when a fresh charge is fed into a properly 
heated retort, and the mass of fireclay acts as a store of 
heat, so that the heat has only a short travel. 

In a horizontal retort ready for charging, the temperature 
of the inner walls will approximate to rnoo° C. (1832° F.), 
and the flue temperature to 1roo° C. (2012° F.), and the 
fireclay walls of the retort will conduct the heat at a 
rate which approaches to 25 B.Th.U. per square foot per 
hour for each degree centigrade difference in the two 
surfaces, so that during the first two hours, when the 
average temperature of the inner side of the retort walls, 
cooled by the charge and by the retort having been opened, 
will not be more than 800° C. (1472° F.), the amount of 
heat passing through the walls into the charge will be 
2_,;x(1roo-800)=7500 B.Th.U. per square foot of surface, 
whilst by the fifth hour, when the inner side of the wall 
of the retort has risen to 950° C. (1742° F.), the amount 
passing will be-

25 x ( 1 rno - 950)=3750 B.Th.U., 

or only half the amount passed in the earlier period, the 
average being approximately 5625 B.Th. U. per hour, which, 
taking the heat units needed for the actions taking place 
in the retort as 1228 B.Th.U. per lb., gives a carbonising 
value for a six-hour charge of 12 tons per moo square feet 
of retort surface. 

The diminution in the quantity of heat passing through 
the walls of the retort during the last stages of carbonisa
tion does not affect the rate at which the still uncarbonised 
core of coal is being heated, as the envelope of coke sur
rounding it has reached nearly the same temperature 
as the walls of the retort, and forms a store of heat, 
whilst in the carbonising mass during the first part of 
the distillation the volume of gas evolved is so large that 
it carries off from the contents of the retort a large propor
tion of the heat, and so keeps down the temperature of the 
mass until the later stages of the carbonisation. 

It has become the custom to speak of the temperature 
of carbonisation being high merely because the tempera
tures in the flues and in contact with the walls of the 
retort are high, and to speak of the products of high 
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temperature distillation as if the coal had been carbonised 
at the temperature existing on the retort surface. 

It is quite clear, however, that, coal being a bad con
ductor of heat, and coke a worse one, it is only the layer 
of probably less than an inch thick that is carbonised 
at anything like the retort temperature, and that the 
remainder of the charge is distilled at a slowly rising 
tempera ture, which attains its maximum only after the 
volatile products have been practically, all driven off. 

The real distinction between high heats and lower flue 
temperatures is that the higher the temperatures employed, 
the thicker and hotter will be the layers of coke which 
the gases and vapours have to traverse in their escape 
from the inner portions of the charge, and the greater 
will be their exposure to radiant heat and contact with 
the highly heated surfaces of the retort in their outward 
passage from the carbonising mass ; the products of the 
primary action are, in fact, being subjected to secondary 
decomposition under conditions we neither know nor can 
control, and this is one of the weakest points in our 
methods of carbonising for the production of illuminating 
gas. 

We make elaborate tables of the composition of gases 
and tars produced at various distilla tion temperatures, 
but the only information that they give us is what is left 
undecomposed under unknown and varying conditions the 
only certa in factor being that the heat was nowhere ;hove 
that which we are pleased to call the temperature of 
distillation. 

It is evident that if these varia tions exist in the tem
perature at which the coal is distilling in the comparatively 
small charge in the gas retort, they must be accentuated 
when one comes to deal with carbonisation in bulk as 
practised in oven and chamber settings, as not only is 
the travel of the gases and vapours through the red-hot 
coke much longer, but the rate at which the heat is 
conducted through the carbonising mass becomes slower 
as the bulk of the charge increases, whilst the tempera
ture in the crown of the oven during the first half of 
th~ time is h!gher than is found in the gas retort, and 
this also applies to the temperature in the top layer of 
the coke. 

If the coal is carbonised in a 6-inch diameter tube 
filled so that the heat shall be penetrating from every 
side, there is an almost immediate rise in temperature 
throughout the mass, owing to the hot gases and vapours 
passing through the interstices between the pieces of coal, 
and the coke attains its maximum temperature at the rate 
of about one inch per hour, so that in three hours, with 
a wall temperature of 1000° C., the centre of the mass 
would be at about 950° C., and the carbonisation would 
be finished; if, however, the tube be increased to 12 inches 
in diameter, the rate of conduction is reduced to 0-5 inch 
per hour, and the same thing takes place with a flat 
chamber retort heated from the sides, so that it would 
take about twelve hours to complete the carbonisation ; 
whilst with further increase in the width of the chamber the 
rate of travel of the heat grows still less, the passage of 
the heat being still slower as the distance between the 
walls of the chamber gets greater. 

The result of this is that in by-product recovery coke 
ovens and large chamber retorts the period of carbonisation 
becomes very long, and the gas has to pass through so 
much hot coke that the illuminating power is reduced to 
nine or ten candles. 

These rates of passage of heat a pply only to vertical 
retorts or chambers, the sides of which are heated, as 
bottom heat penetrates the mass rather more quickly owing 
to convection coming to the aid of conduction, and the 
upward flow of heated gases raising the temperature in 
advance of the conducted heat. 

Moreover, the rate at which the heat travels in the 
carbonising mass depends to a great extent on the initial 
temperature employed, the figures f(iven being attained 
only when the flues and outer walls of the retort or 
chamber a re heated to about r 100° C. (2012° F.), but if 
the flue temperature is lowered, the transmission of the 
heat becomes lower, and a longer period, therefore, is 
required for the complete carbonisation, the time taken 
being nearly inversely proportional to the temperature; 
so that if in a 6-inch tube with a wall temperature of 
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rooo° C. (1832° F.) it takes three hours to complete car
bonisation, it would take six hours to do t~e same work 
with a wall temperature of 500° C. (932 F.). Conse
quently, in making low-temperature coke, such as coalite, 
in tubular retorts 5½ to 6½ inches diameter, it takes four 
hours to drive off two-thirds of the volatile matter that 
is in the coal. 

The temperature of the coke or coal through which the 
gas and tar vapours have to pass, and . the length of travel 
they have in reaching the exit from the retort or chamber 
in which carbonisation is proceeding, are two of the most 
important factors in determining their decomposition, as 
it is these which give rise to the secondary reactions that 
largely determine the final composition of the gas and tar. 

Va luable pyrometric observations on the temperatures 
existing in charges of varying size have been made by 
Mr. Bond, of Southport, and other observers, from whose 
work we can deduce the following results as typical :-

If an ordinary D-shaped horizontal retort, 18 to 20 
inches wide and 15 inches high, has a 6-inch charge 
fed into it, the space from the apex of the crown to the 
top of the charge will be 9 inches deep. If now thermo
couples properly protected are placed (1) at the bottom 
of the charge, (2) in the centre, and (3) at the top of 
the charge, we can gain a good idea of the way in which 
the heat is acting on the coal. 

With full heats the coal at the bottom of the retort 
rapidly heats up, and in fifteen minutes has reached joo° C. 
(1292° F.), after which its rise in .temperature slows down, 
and it takes two hours to reach 800° C. (1472° F.); after 
this it heats more rapidly, and attains 1000° C. (1832° F.) 
at the end of four hours, and then there is practically no 
rise in the last two hours of carbonisation. The tempera
ture at the top of the charge rises more slowly, and by the 
end of the second hour is only j4,0° C. (1364° F.), or 60° 
cooler than the bottom, and remains at a lower tempera
ture throughout the whole carbonisation. This is not to 
be wondered at, as although the top flue of the setting is 
u50° C. (2ro2° F.), and the bottom flue barely rroo° C. 
(2012° F.), the coal at the top of the charge is being 
heated largely by radiant heat acting across a considerable 
gas space, whilst the bottom of the charge is in direct 
contact with the heated bottom, and is taking in heat by 
conduction. 

The thermo-couple in the centre of the charge throws 
most light upon the course the distillation is taking, and 
we discover that so great is the hea ting effect of the gases 
and vapours passing up from the hot zone at the bottom 
of the retort that at the end of the first hour the tempera
ture is only 30° below that of the bottom, i30° C. 
(1346° F.), whilst in two hours it is at the same tempera
ture, and then falls slightly below it for the rest of the 
time, the rush of hot gases from the bottom having ceased, 
and the temperature of the top of the charge equals the 
centre only after the fourth hour. 

Now the fact that differences in temperature are so small 
throughout the mass, and that during the whole of the 
period when the bulk of the gas is being evolved the centre 
of the charge is hotter than the top, points to the gas 
forcing its way through the pasty mass of distilling coke 
upwards into the space below the crown of the retort, 
where it is baked bv radiant heat from the mass of fire
clay at ro50° C. (192~° F .), and the retort walls at ro50° C. 
and the coke at from joo0 to rooo° C. (1292° to 1832° F.) 
are also in surface contact with it. 

The passage of the ga~ through the pasty coke causes 
considerable swelling during the first hours of distillation, 
and when the shrinkage in the charge of coke takes place 
during the last two hours, the top portion, presumably 
carbonised by radiant heat from the top of the retort, 
shrinks over a smaller depth than the bottom and large 
portion, so that when the charge comes to be drawn there 
is found to be a fissure running horizontally between the 
upper and lower portions, but nearer to the top, from 
which vertica l cracks branch to the top and bottom of the 
charge. 

We are at present dealing only with the thermal con
ditions existing during carbonisation ; but when we come to 
study the more chemical side of the actions taking place 
we shall see that such methods are the most brutal form 
of distillation-high heats and small charges certainly mean 
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high makes of gas, but got at the expense of all the other 
by-products, and bringing in their train all the troubles of 
stopped ascension pipes, carbonised retorts, ruined tar, and 
poor coke. If instead of using a 6-inch charge in such 
a retort it be filled with coal a, nearly as a horizontal 
retort can be filled, that is, to within 2 or 3 inches of 
the apex of the crown of the retort, and the same tempera
tures as before are used in the setting, you approach to 
the same conditions. that obtain in vertical retorts, which 
are entirely filled, and quite different results are obtained. 

The improved results are by most observers ascribed to 
the _doing away with the baking chamber above the charge, 
radiant heat being credited with the formation of free 
carbon and naphthalene, which have been the chief curses 
that have accompanied the raising of temperatures with 
small charges to increase the gas volume obtainec;. 

The determination of temperatures as before in the 
ch:irge shows that filling the retort does a deal more than 
this, ~owever; in the first place, in order properly to 
c:1rbomse the charge, the heating has to continue from 
~1ght to twelve ~ours instead of six, and the heat is poured 
mto the charge in a much more even manner, the rise in 
temperature at both top and bottom being equal through
out the distillation, and with the top temperature always 
about roo° C. more than the bottom, truly reflecting the 
difference i': temperat~re between the top and bottom flues 
of !he settmg. Owmg to the thickness of the charge 
havmg been doubled, the heat advances more slowly into 
the. mass, renderin~ the coal semi-fluid and pasty in front 
of it, and so forming the whole centre of the charge into 
'.1 tube, through which a large proportion of the gas finds 
its way down to the mouth of the retort without having 
been overheated in the crown. 

That. this is the true explanation is shown by the thermo
c~uple m the cent1;e. of ~he c~arge, which during the first 
52 hours of the d1st1llat10n nses slowly in temperature at 
abo,;1t the same rate as the outer portions, but on a plane 
500 C. (932° F.) below them, whilst after this period the 
cer_itral heat rises rapidly, and the same temperature as 
exists at the bottom of the charge is attained in the eighth 
hour. 

The gas is improved because only a small portion has 
to run the gauntlet of overheating; the tar is improved 
_because a considerable proportion is made at a lower 
temperature; the coke is improved because in the earlier 
~alf of the distillation a good deal of tar has condensed 
m the cool zone, and as the temperature rises the more 
volatile portions redistil, but the least volatile remain and 
get decomposed only in the last hour of carbonisation 
increasing the gas yield,. the factor for which the ga; 
man.ager at the present time seems prepared to make any 
sacrifice. 

~t must be clearly borne in mind that the possibility of 
filling a horizontal retort to within 3 inches of the crown, 
although ?~ggested_ by Kunath in ~885, is a comparatively 
new condition, which could be achieved only by the intro
duction of discharging machinery that would push the 
charge of coke out of the retort, and that, so long as we 
were. depen?ent upon hand labour to draw the charge, it 
was 1mposs1ble; now, however, the introduction of vertical 
settir_igs allows a 11;ore complete filling of the retort by 
gravity and easy discharge, so that the question of the 
route ~aken ?!<'. th~ gas in its escape from the carbonising 
mass 1s receiving its full share of attention · and opinions 
on the subject are by no means unanimous. ' 

Dr. Bueb, to whom we owe the inception of the Dessau 
vertical retorts, is strongly of opinion that the largest bulk 
of the escaping gas finds its way through a cool core in 
the same way as it undoubtedly does in a well-filled 
horizontal retort; others favour the theory that the major 
portion passes up the sides, whilst Dr. Harold Colman and 
many others agree that, as the pasty area of the decom
posing coal works its way inwards from the walls of the 
retort to the centre, gas escapes on both sides of it, so that 
a portion goes up the centre and the remainder through the 
hot coke or up the walls of the retort. What proportions 
exist between the gas that takes the cool route and that 
which is forced fo pass through the hot coke cannot be 
exactly determined, and would vary with every kind of 
coal; but what we do know, beyond doubt, is that a large 
volume of the richest gas comes off from all coals when 
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first heated, so that a large evolution of primary gas ~iU 
be on the inside of the tube of semi-fused coal, whilst 
another factor which would tend to make the gas take the 
inner route is that any passing back into the hot zone 
would be expanded by the temperature, whilst the stilt 
pasty coke would offer more resistance to the passage of 
the gas than the coal, so that pressure would be highest 
on the hot side and lower on the cool, the probabilities 
therefore being that, so long as the central passage is un
impeded, the major portion of the gas passes up the centre. 
The analyses of the gases, however, all show that far too 
much cracking of the rich hydrocarbons has taken place. 

If we distil coal at a fixed temperature, as has been 
pointed out, we know that in the distillates we have 
the volatile products yielded at all temperatures below the 
one employed, and such secondary products as have been 
formed by further decompositions or by interactions 
between the primary products at or below that temperature, 
so that if we distil coal in bulk at the lowest temperature 
at which volatile matter can be driven out from the coal, 
the analyses of the products will give us the maximum of 
primary products with the minimum of secondary, and we 
shall obtain the best possible data for forming an opinion 
as to the composition of coal, on the one hand, and the 
course taken by the interactions and decompositions in the 
secondary actions. 

In the experiments that led to the introduction of coalite 
it was found that 420° C. (800° F.) was the lowest tempera
ture that could be employed successfully, and many 
thousand tons of coal have been distilled at about this 
point, say, from 400° to 500° C. 

Under these conditions a fair gas coal containing 30 to 
33 per cent. of volatile matter will yield 68 to 70 per cent. 
of low-temperature coke containing ro to 14 per cent. of 
volatile matter, and a ·volume of gas varying from 3000 
to 5000 cubic feet, according to the coal used, having a 
composition approximating to-

Hydrogen 27 ·5 
Saturated hydrocarbons-methane 48 

higher members ro·r 
58·1 

Unsaturated hydrocarbons... 3 ·o 
Carbon monoxide 7·3 
Carbon dioxide 2·5 
Nitrogen I ·6 

The gas before iron purification contains about 1,8 per cent. 
of sulphuretted hydrogen. 

The low-temperature gas, of course, varies with the coal 
used, and the hydrogen is often below 18 per cent., and 
the saturated hydrocarbons up to 68 per cent. ; but the 
marked feature of the gas is that it contains hardly any 
benzene vapour, and owes its illuminating power to a small 
percentage of ethylene, and chiefly to the gaseous members 
of the paraffin series (mostly ethane), and dso that the 
percentage of hydrogen is low, very rarely reaching the 
amount present in the above sample, whilst bisulphide of 
carbon likewise is very low. 

This I pointed out in the last course of Cantor lectures 
which I gave in March, 1908, and it has since been con
firmed by the work of Porter and Ovitz, 'White Park and 
Dunkley, and Burgess and Wheeler. 

The tar also varies with the coal used, and is sometimes 
as high as 23 gallons per ton, and in most cases averages 
20 gallons. 

The low-temperature tar is as distinctive in its character
istics as the gas. It has a specific gravity of about 1,075, 
is very liquid, and contains an abundance of light solvent 
oils, very low aromatic hydrocarbons, very little phenol, 
but large quantities of cresol, no naphthalene and very 
little anthracene, whilst the free carbon is, as a rule, below 
2 per cent. 

The very low percentage of benzene in the light oils is 
made up for by the presence of paraffins, such as hexane, 
heptane, and octane, whilst there are also present con
siderable quantities of that curious group of hydrocarbons 
known as naphthenes or hexahydrobenzenes, which play so 
important a part in Russian petroleum. 

As before mentioned, carbolic acid occurs in very smalt 
quantities, but its higher homologues, such as cresylic 
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acid, &c., occur in much larger quantities than in coal tar, 
and there are also present quantities of polyhydric phenols 
or other esters of the type met with in coal tar, which 
form resinous masses difficult to investigate. The pitch 
left as a residue amounts to about 40 per cent. of the tar, 
and is of very fine quality, owing to the practical absence 
of free carbon. 

When low-temperature coke that has been formed with 
the evolution of 5000 cubic feet of 22 candle-power gas, as 
measured by the No. 2 Argand, is further heated to a 
high temperature, it evolves nearly as much gas as it did 
before, and the composition of this gas is approximately-

Hydrogen 71,13 
Saturated hydrocarbons 18-26 
Unsaturated hydrocarbons 0-52 
Carbon monoxide 6-30 
Carbon dioxide .. . 2-09 
Nitrogen 1,70 

The gas is practically non-luminous when burnt alone, 
but has a heating value of 447 B.Th.U. gross. 

It seems clea~ from these experiments that in the dis
tillation of coal for gas there are three distinct sources 
which give the final product :-

( 1) The primary gases evolved from the coal, and dis
tilled out as the advancing temperature travels through the 
mass. 

(2) The gas evolved by the decomposition of the heavy 
tar or pitch left in the coking mass. 

(3) The gas produced by secondary actions, and contact 
of the primary gases and vapours with the hot coke and 
walls of the retort. 

It now becomes possible to trace, roughly, the actions 
taking place in the destructive distillation of a gas coal. 
Up to about 450° C. the products are chiefly primary :-

Humus bodies 
Carbon-

Water ... ...} 
Carbon monoxide 
Ccnbon dioxide... Gases 
Hy<lrogen ... 
Methane ... 

Resin bodies and hydroc::irhons 

(
Methane 
Ethane 

-lPropane 
Butane 

Pentane 
Hexane 
Heptane 
Octane Coke and pitch

\Vatery tar . .. Liquids N onane 
Hexahydrides 
Oxygenated hydrocarbons 

like cresylic acid and 
more complex bodies 

About 400° to 450° C. the secondary actions start, the 
saturated hydrocarbons split up into unsaturated and 
-simpler members of the saturated series, the hexahydrides 
shed hydrogen and give aromatic hydrocarbons, the tar 
thickens and alters in character, and synthetic actions 
start, cresol and hydrogen form more toluene, carbolic acid 
and carbon yield carbon monoxide and benzene. About 
900° C. the degradation of all the hydrocarbons and other 
oxygenated bodies is proceeding, and finally the mixture of 
the results of endless actions and reactions yields us the 
hi15h-temperature gas a_nd tar, the mixture being diluted 
with the carbon monoxide, hydrogen, and methane yielded 
by the decomposition of the pitch residues in the soft coke 
which leaves the hard coke behind. ' 

":7ith a good Durham coal, capable of yielding rr,ooo 
cubic feet of gas and 10 gallons of tar per ton when dis
tilled under ordinary conditions at a temperature of about 
1000° C., it is found that on carbonising at 600° C. it 
yields only 5000 cubic feet of gas, but 22 gallons of tar 
per ton, and the residue, on continuing the distillation at 
1000° C., yields a further volume of 4500 cubic feet of 
gas, but no tar, so that removing the gas first formed and 
t~e tar vapour from the secondary reactions induced by 
high temperature has reduced the gas yield by some 1500 
cubic feet per ton, and increased the tar yield by 12 gallons · 
and an examination of the tar shows that the 12 gallon~ 
gasified by direct distillation at high temperature consist 
of the lighter portions of the whole of the tar which at 
this temperature is capable of producing 1200 'cubic feet 
,of gas, leaving 300 cubic feet to represent the volume 
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gained by degradation of gaseous hydrocarbons and de
position of free carbon, of which the high-temperature tar 
contains 25 to 35 per cent. 

It may be taken, in round numbers, that when II,ooo 
cubic feet of gas are obtained per ton of such a coal, 
45 per cent. of the volume is from the low-temperature 
distillation, 42 per cent. from the residues left in the low
temperature coke distilled at a high temperature, and 
13 per cent. from the various secondary actions and tar. 

When tested by the No. 2 Argand, the low-temperature 
gas has a candle-power of 22 ; the gas from the pitch in 
the coke is nearly non-luminous, giving not more than 2½ 
to 3 candles, but when mixed with the rich gas in the pro
portions of 45 of the latter to 41 of the former gives a 
16 to 17-candle gas; whilst the gas from the tar and the 
secondary actions is IO-candle gas when tested alone, and 
when mixed with the others brings down the total candle
power to 14 to 15. 

In the new methods of carbonisation, where the makes 
approximate to 13,000 cubic feet, the improvement found 
is entirely due to the free escape without over-heating of 
the products from the first two-thirds of the coal 
carbonised, whilst the extra volume is obtained from the 
complete degradation of the products from the remaining 
third, and that this is so is shown by the methane in the 
gas. In all fair coal gas in which there has been no 
over-degradation, even if you have been getting II,500 
cubic feet per ton from light charges, the methane will be 
about 34 to 35 per cent. of the gas ; but notice the pro
ducts of the new carbonisation, and you will find plenty 
of samples with only 28 per cent., and some even lower. 

In considering the ultimate effect of pushing tempera
tures to the highest possible extent, it is as well to con
sider the amount and value of the gas and coke that could 
possibly be obtained from an ordinary coal. 

If we took a coal of the composition-

Carbon 
Hydrogen 
Oxygen 
Nitrogen and ash 

80 
5 

IO 
5 

and were to carbonise it in an inverted vertical retort with 
the coal fed in by a ram at the bottom, so that the gas 
and vapours had to traverse a column of IO feet of coke 
at 1000° C., contact would decompose all the gaseous and 
volatile compounds to hydrogen and carbon monoxide, and 
we should obtain-

Coke 
Hydrogen 
Carbon monoxide 

15 ·27 cwt. 
22,400 cubic feet=77·87 per cent. 
6,366 cubic feet= 22 · I 3 per cent. 

28,766 cubic feet 

that is, you would rather more than double the volume of 
gas; but it is a non-luminous gas of the same thermal 
value (gross) as water gas, and not "orth more than the 
3½d, to 4d. a thousand that you could make water gas at 
by one of the newer processes. 

Now this is exactly what is done in all the new pro
cesses directly the cool passage for escape of the primary 
gas gets tar-logged, and the gas from the remainin_g coal 
is driven through the red-hot coke and along the sides of 
the retort. Under these conditions some 3500 cubic feet 
of 22-candle gas are obtained, whilst there is a free, cool 
passage for its escape; and after that is closed the remain
ing coal yields by complete degradation of the tar and 
hydrocarbons 9500 cubic feet of hydrogen and carbon 
monoxide. 

The limit of volume in gas-making, if not already 
reached, is fast being approached; economies are day by 
day getting more difficult to make; coal is not likely to 
cheapen ; n.nd all this means that the chance of consider
able reduction in the price of gas is getting less and less. 
If the price of gas could be reduced in our large cities to 
the price charged at Widnes, the consumption of gas could 
be economically increased, and for power and heat gas 
would hold an unassailable position ; but this can never 
be done in existing circumstances, because even if the gas 
could be made at the necessary price, the increased output 
of coke would outrun the demand. If, however, the com
panies would only live up to their titles of " Gas Light 
and Coke Companies," and bestow as much care on the 
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coke as on the gas, and cater for the supply of a good 
domestic fuel at the price of coal, instead of treating coke 
purely as a by-product, the demand for it would soon reach 
a point that would enable the desired reductions in the 
price of gas to be made. There is no need to fear as to 
the other by-products; the output of sulphate of ammonia 
could be doubled without affecting the market, and a good 
tar will look after itself ; it was high heats that ruined 
the tar market, and with the demand for tar increasing 
for road work, no flooding of the market need be feared. 

During the last few years the statement has several 
times been put forward that "as the gas manager's end 
and aim is gas, it is his duty to obtain the greatest volume 
of gas possible per ton of coal " ; but with this I venture 
to disagree. The gas manager's duty is to obtain the 
greatest possible value per ton of coal, and until every 
industry dealing with coal recognises that in this respect 
its aim is the same, little economy will be possible in 
our rapidly diminishing store of coal. 

The pressing of temperatures in carbonisation to higher 
and higher degrees with the old conditions of lightly 
charged retorts has given larger yields of gas, but it has 
loaded the gas with carbon bisulphide, depreciated the 
coke, and ruined the tar ; and one of the chief claims for 
the adoption of the full-charge horizontals and intermittent 
vertical retorts for carbonisation is that they have improved 
the character of both coke and tar. 

As I have shown, this is due to a certain proportion of 
the gas and tar vapour coming off through the cool core 
and so escaping over-cracking, but it can be only a partial 
!mprovement ; whilst, so far as the coke goes, the nearer 
1t approaches metallurgical coke the less it is fitted for a 
domestic fuel. True it is, that where the coke has been 
made harder and brighter the gas manager's market has 
improved; but it has been for use in furnaces manu
facturing processes, and for producers that the increased 
demand has been felt, and not for domestic use. 

Even for_ the heating of furnaces the coke made at 
extreme temperatures is not so good as when the heats 
were slig~tly lower; ~-n~ in ~ermany this is beginning to 
be recognised, and Kortmg, m a paper read this summer 
(1911), points out that the inclined settings, which used to 
work with 12 per cent. of fuel, now require fully 16 per 
cent., an increase due partly to higher temperatures but 
largely to more highly carbonised coke. ' 

Already the strides forward which gas has made as a 
domestic fuel are telling the tale in our atmosphere, and 
!he yelJow fogs of the last century are getting rarer ; and 
1f coke could be made . a domestic fuel by leaving in it 
6 to 8 per cent. of volatile matter to facilitate ignition and 
give a flame, the gasworks of the country could command 
the fuel market. 

Remember that the sale of gas cannot be pushed beyond 
a certain point without overstocking with coke; the sale 
of both pro rata must be pushed, and if only you could 
be persuaded that this is the right road, you would be 
backed up by the smoke reformers and the public, and 
find yourselves able to selJ a fuel coke at the price of the 
best coals. 

I have shown that the factor for which you ruin your 
coke as a domestic fuel is about 3000 cubic feet of gas of 
the sam~ value as blue water gas ; the 3000 cubic feet of 
gas left m the c~ke w~uld be worth four or five shillings 
a ton on the selling pnce, and the cost of replacing it by 
water gas would be about one shilling, whilst the creation 
of a large domestic market would enable a reduction in 
the price of gas to be made that would stilJ further increase 
its use as a fuel. 

Now I am sure in my own mind that these are the 
lines the gas industry should consider seriously and that 
the advances in the next ten years must be an' endeavour 
to get nearer to the ideal of carbonisation and to improve 
both gas and coke. 

In a course of lectures such as these, four seems an 
ample ~llowance at the commencement-and probably to 
the audience more than ample at the end-but I realise 
only now how miserably inadequate the time has been for 
the expression of the matter I desired to bring before you, 
and can only hope that some of the points, controversial 
though they may be, will prove helpful in considering the 
carbonisation of coal. 
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UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

THE committee formed to promote a scheme for pro
viding a college of university rank at Brighton has resolved 
that the scheme shalJ be one for establishing a con
stituent colJege of London University for the county of 
Sussex, the subjects to be arts, sciences, engineering, and 
pedagogy in the first instance, but medicine and Jaw to be 
undertaken later. 

THE Old Students' Association of the Central Technical 
College is organising a dinner to celebrate the election of 
Prof. vV. C. Unwin, F.R.S., as president of the Institu
tion of Civil Engineers. The dinner, which will be held 
at the Criterion Restaurant on Saturday, February 10, is 
intended to be a gathering of old students of the Central 
Technical College and Prof. Un win 's students at Coopers 
Hill. The chair will be taken by Mr. W. Duddell, F.R.S., 
president of the Central Old Students' Association. 
Tickets may be obtained from Mr. G. vV. Tripp, 4 Fair
field Road, Charlton, Kent. 

SEVERAL gifts to American universities are announced in 
the issue of Science for January 12. Mr. Jacob H. Schiff 
has given 20,0001. to Cornell University to promote studies 
in German culture ; the 200,000/. fund for the further 
endowment of the medical school of Western Reserve 
University has been completed; and De Pauw University 
has just brought to a successful close the campaign to 
raise 80,0001. to meet the conditional gift of 20,oool. from 
the RockefelJer Educational Board. The subscriptions 
amount to a little more than 88,oool. This will make the 
productive endowment of the University something above 
200,0001. 

THE late Dr. R. D. Roberts, whose death occurred on 
November 14 last, left estate of the gross value of 10,024!., 
of which the net personalty has been sworn at 60211. He 
bequeathed the ultimate residue of his property " to the 
University College of Wales, at Aberystwyth, to form the 
nucleus of a fund to be formed and administered in accord
ance with a scheme to be prepared by the said University 
College, and approved by my trustees, to enable professors, 
after a certain number of years of service-say, not less 
than ten-to be released from the professorial duties for 
a period of about a year, and, at any rate, not less than 
six months on full salary, a substitute being paid out of 
the income of the fund, the purpose of this release from 
college duties being to enable the professor to refresh his 
mind by travel or research or visits to other universities, 
and so gain fresh stimulus and equipment for his work." 

IT has been announced that the ordinance for the institu
tion of degrees in veterinary science promoted by the 
University of Edinburgh has been passed by the Privy 
Council, and has received his Majesty's sanction. The 
ordinance wilJ come into operation at the beginning of the 
next summer session, and by it the University is empowered 
to con fer the degrees of Bachelor of Science and Doctor of 
Science in veterinary science. The Edinburgh veterinary 
student will now be in a position to obtain an academic 
distinction in addition to the diploma of membership of 
the Royal ColJege of Veterinary Surgeons. The present 
time marks a distinct epoch in the history of veterinary 
science in Scotland. The Royal (Dick) Veterinary ColJege 
-the original Scottish veterinary school-is about to enter 
upon a fresh era, inasmuch as it has been decided to erect 
new and up-to-date buildings on a scale which will do 
credit to the important educational centre in which it is 
located. At the same time, the students of the college are 
being afforded the means of entering the ranks of university 
graduates. These developments cannot fail to exert an 
important effect upon veterinary teaching in Edinburgh 
and upon the veterinary profession in Scotland. 

SOCIETIES AND ACADEMIES. 
LONDON. 

Royal Society, Tonuary 18. - Sir Archibald Geikie 
K.C.B., president, followed by Sir A. B. Kempe, vice-' 
president, in the chair.-Dr. J. S. Haldane, C. Gordon 
Douglas, Dr. Y. Henderson, and Dr. E. C. 
Schneider : The physiological effects of low atmospheric 
pressures, as observed on Pike's Peak, Colorado. The 
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