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GERMAN ECONOMY IN IRON MANUFACTURE.
By FRANK H. MASON, CONSUL-GENERAL.

T has been receutly noted in England with something like
alarm that the production and export trade of iron and steel

in Germany have been steadily growing during the past ten
years at a rate out of all proportion to the development of Great
Britain in the samne field, and that railway wheels, ties, axles,
wire, etc., of German origin are uot only making serious inroads
upon foreign markets which British exporters have hitherto almost
exclusively controlled, but are now sold to some extent in Eng-
land. The fact that, in spite of all advantages which English
ironmasters derive from loug experience, cheap and abundant

3 Consular Reports, No. 155, August, 1893,
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coal, and unequaled shipping facilities, they are now undersold
on their own ground by their German rivals would seem incredi-
ble if it were not sustained by actual statistics; and it may be
of interest to American metal workers to examine briefly the
more obvious causes of the notable progress of Germany in this
important branch of industry.

It is conceded that until about 1880 the British export trade
in iron and steel was all that could be reasonably desired. Not
only in respect to coal and skilled labor, but in facilities for im-
porting ores from Spain, Scandinavia, and other foreign sources
and for exporting their product, the English and Welsh furnace
men seemed to have a secure advantage over their continental
rivals. But it is now found that English exports of railway iron
and steel have fallen from 1,000,000 tons per annum a few years
ago to 703,370 tons in 1891 and 467,986 tons in 1892, while Ger-
man exports of the same products, which had scarcely begun in
1880, have risen to 198,421 tons in 1890 and 233,943 tons in
1891, with a total export of pig and finished iron and steel
amounting to a yearly average of 1,050,000 tons. Not only this,
but, in spite of the increased cost of coal in Germany, due to
higher wages demanded by miners and the steadily increasing
coal consumption in face of a definitely limited supply, the metal
production of Germany has continued to ingrease. The propor-
tions of this growth will be apparent when, with the fact in mind
that in 1870 the total output of Germany was only 886,000 tous
of iron and 125,000 tons of steel, we consider the following
statistics of finished iron and steel manufacture in this country
during the past two years:

Tous, Tons,

Description. 1891. 1892.
Bar and section irofleeeeveeess vvnann 1,335,000 1,334,000
Blooms, billets, and ingots +........ 690,700 790, 500
Plates.ceeestres sinirniiiiinnnnennns 417,500 425,100
Tin plates.ceeeeereieriiiiiiininns 21,300 23,400
Steet and iron rails...ooeiiiinenn... 824,800 891,400
WIrE t ittt ttmt cime s terasasosnnssann 339,200 402, 500
War materials ... cooieeiiniia i 10,100 11,100
Total ceveivnnininneiiineenens 3,638,600 3,878,000

The increase in 1892, it will be seen, was 239,400 tons.
Comparing the growth of iron and steel production in Great
Britain and Germany from 1880 to 1892, inclusive, it appears
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that, whetcas England shows an increase of only seventy per
cent.. Germany has achieved during the same period a net
growth of nearly or quite 400 per cent.

A result as striking as this must be the outgrowth of causes
so radical as to be interesting to all who are concerned. either
theoretically or commercially, in the metallurgy of steel and
iron. The growing importauce of Germany iu this field would
seem to be due largely to two fundamental facts: (1) The intro-
duction of the basic process. whichi enables the iron and steel
makers of Westphalia, Silesia, aud the Saarbriick district to use
their cheap and abundant native ores; and (23 the unrivaled
chemicul skill of the Geurmans whereby they have succeeded in
saving the by-products of coke manufacture, thus deriving a
revenue from processes which in other countries entail a waste
of material and financial loss.

THI BASIC PROCESS.

Of the basic process itself there is little or nothing new to be
said. It is understood as fully and practiced as successfully in
the United States as in auy part of the world. But its intro-
duction into Germany has revolutionized the wiole economy of
steel manufacture in this country. With fair facilities for im-
porting the richer ores of Spain and Sweden, the German fur-
nace men tound their whole list of native ores available, and
when special processes were necessary to facilitate the employ-
ment of materials which had previously been cousidered worth-
less, they were inveuted and applied. In a previous report of
this series (No. 137, p. 246) an account was given of a special
process for the desulphuration of raw irou from the blast furnace
by treatment with mangauese, as invented and first practiced in
direct steel production at Heerde, in Westphalia.  This process,
which lhas since beeu adopted at various other points oun the
Continent and in England, secures the production of excellent
steel from materials so lieavily charged with sulphur as to be
impracticable for that purpose by ordinary methods.

ECONOMY OF BY-PRODUCTS OF COKE,

Equally original aud uot less important to the general economy
of iron manufacture are tlie more recent German improvements
in coke making, by which the subsidiary products—ammonia,
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tar, and tar oils, with their valuable elements benzene, anthra-
cene, etc.—are saved from the waste that attends the ordinary
coking process. In this special field Germany is now so far in
advance of other countries that some understanding of the
methods employed here is important in the present connection.

The first record of any practical interest in the saving of am-
monia and tar from the coking process appears in a paper whicl
was read before a convention of ironmasters at Dusseldorf by
one F. W. Lurman in 1858. The main principles involved
were clearly stated, but the requisite apparatus was so elaborate
and expensive and the financial results then so doubtful that
progress was for a long time slow and uncertain. The improved
niethods now in use, and which have produced the best results,
are mainly the work of the past five years. What is known as
the Semet-Solvay system is the one principally in use in Bel-
gium; but the most advanced representative of German progress
in this direction is probably the Otto-Hoffman coke oven, of
which there are about 1,550 now in use—535 in Westphalia, 700
in Silesia, seventy-five in the Saar district, and 240 in Austria.
Although elaborate and costly in construction, this oven is dura-
ble and, by reason of its great saving in gas, highly economical
in operation, aside from its efficiency in saving the subsidiary
products. The complete apparatus is a combination of the Otto
oven (thirty-two feet long, sixteen inches wide, and five and
one-half feet high) with the Siemens regenerator in such man-
ner that the air to be used for the combustion of gases is first
heated to a temperature of about 1800° F.

For the most economical service these ovens are built in
groups or batteries of sixty, and half the number are alternately
filled each forty-eight hours. The oven has three openings
through which it is charged froin above with six and one-half tons
of air-dried coal. The openings being then tightlv closed, heat is
applied, and the gases generated are drawn off through collect-
ing pipes by the action of a suction fan into coolers and scrub-
bers, where the tar and ammonia are deposited in water by
mechanical distillation. The gas, thus purified of tar and am-
monia, is then reconducted to the bottom of the oveus, where it
is mingled with the heated air above mentioned and burned as
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fuel in the process of roasting the coal.  The percentage of gas
produced varies somewhat with the quality of coal used; but
with all the Genman coals the gas thus generated is greatly in
excess of what is required for heating thé ovens, and the surplus
is available for waking steam. lighting. and for other purposes.

The water from the coolers and scrubbers, charged with the
annnonia that has been absorbed {rom the gas, is subjected to heat,
which expels the antmonia as vapor, which in presence of sul-
phuric acid forms sulphate of ammonia, a white salt that is ex-
teusively used for fertilizing purposes. The tar, by reason of
its gravity, settles to the bottom of the water and is easily sepa-
rated. Ttismore valuablcthan the tar produced in the ordinary
manufacture of illuminating gas, on account of its greater per-
centage of benzene and antliracene.  For a long time there pre-
vailed amoung German irommasters a notion that coke produced
by any process that saved the by-products was thereby injured
for iroun-making, but this is now completely dispelled. ‘The
coke made by the above process is conceded to be of the highest
quality for all purposes.

The operation of coking requires in the Otto-Hoffian ovens
from twenty-four to forty-eight hours: and the product from
good air-dried coal containing frowm fifteen to sevenuteen per cent.
of water is about seventy-six per cent. of coke, 1.15 to 1.25 per
ceut. of sulphate of amnionia, aud from 2.5 to 4 per cent. of tar.
In a recent number of the Jowrnal fir Gasbeleuchtung wund
Wassereersorgung (Munich) the following résumé is given of
the actual work of a battery of sixty ovens, operating with local
coal in the thiree principal mining districts of Germany.

One ton of coal produces:
Sulphate of

Couke. Tar. amionia.

District. Pousnds. Pounds. Pounds.
Ruhr «vviv i vien e T,672 6()5 2:.3
Silesia +vov.. . R e 1,496 93.5 26.3
S T: V1 NN 1,540 91.3 18,7

The vearly product of sixty ovens is:
Snlphate of

Coke. Tar. ammonia.
District. Tons. Tons, Tons.
Ruhr. oveeenenenecanies . 51,300 1,860 780
Silesia-«:.vcveveenrea... 48,000 3,000 840

Saar... covennn ceee e eseas 40,500 2,400 492



IRON MANUFACTURE IN GERMANY. 289

The generation, consumption, and surplus of gas for one oven

per day are as follows:
Production. Consumption. Surplus.

Distiict. Cubic feet. Cubic feet.  Cubic feet.
RuBr.oovviennnnnnnns 32,000 19,200 12,800
Upper Silesia ........ 36,800 20,800 16,000
SAAL +ovrreennen e iines 32,000 19,200 12,800

So that a battery of sixty ovens, working under the above
conditions, would furnish gas for their own heating and yield a
surplus of from 76,000 to 96,000 cubic feet per day to be used
for other purposes. It is reckoned in practice that 100 cubic
meters (3,200 cubic feet) of this surplus coke gas is equivalent,
for purposes of heating, to 87.5 kilograms (193.5 pounds) of
coal; and the saving of fuel in working sixty coke ovens would
therefore be:

Per day. Per year.
District. Kilograms. Tons.
Rubr . coiiiiiiiiiiiiiiiiin i 21,000 7,560
SHLESIA v v e v eerrrraeeernnaenaaaas 26,250 9,450
T 7§ OO 21,000 7’560

But, since the Otto-Hoffman oven involves, also, the use of
the other appliances which require heat to the extent of one-
third the amount saved in the form of gas, it {follows that the
actual economy in fuel is about two-thirds of the above totals
expressed in coal. Add to this saving of coal the two by-
products—sulphate of ammonia, worth in the market $5.23 per
100 kilograms (220 pounds), and tar, worth about ninety-five
cents per 100 kilograms—and the enormous profits which are
claimed for this system do not appear incredible.

From another, but trustworthy, source it is announced that
the revenue actually derived from the tar and ammonia produced
by one year’s working of a group of sixty ovens in Westphalia,
which cost in construction $166,000 (or $2,766 each), was $40,200,
or about twenty-five per cent. on the capital invested in the
plant. The price given above does not include the cost of con-
densing apparatus, which, although it is not a part of the oven,
is worked in connection with it.

It should not be understood from the foregoing that the Otto-
Hoffman is the only highly improved coke oven in Germany which
saves the secondary products. There are, in fact, several others
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of later construction for which their inventors claim certain
points of superiority over the Otto, but the latter has beeu long-
est in use aud is therefore the best known. From the known
aggregate product of tar and anunonia in this country, it is
calculated that there are at present iu operation in the country
not less than 3,000 coke ovens which save the subsidiary pro-
ducts, so that the 1,550 Otto ovens in operation are something
inore than half the entire number of all kinds in actual use.

A comparison of the results obtained by the Semet-Solvay
system in Belgium with those realized by the best German
ovens shows a clear advantage in favor of the latter. In the
Semet ovens an intense degree of heat is generated, so that it is
not found necessary to combine them with regenerators to heat
the air which is to be used in combustion. They are therefore
cousiderably clieaper in coustruction; but, on the other hand,
the Semet requires for good results a special mixture of "*fat”
and “‘lean’’ coal that is not always easy to provide, and, while
the coke thus wade is of a high and uniform quality, it produces
nmuch less ammnionia, tar, and gas than the best German ovens,
and is therefore in the end less profitable.

The direct production of benzene in the coking process is dif-
ficult, but it has been successfully accomplished during the past
vear by an inventor at Dortmund, whose process is thus far a
secret, So far as can be ascertained, from six and one-half
to fifteen pounds of benzene are obtained from a ton of dry coal;
and, as benzene is an important element in anilin manufacture,
it may be ranked among the products that will always have a
standard value. The effect of the 3,000 improved coke ovens
now in use in Germany aund Austria has been to greatly increase
the supply and reduce the market values of the by-products
which they secure. Sulphate of ammonia, which, besides its
uses as a fertilizer, is largely employed in wmaking ice aud in
soda manufacture, was in 1883 worth $7.37 per 100 kilograms,
but now sells for about $5.25; aud tar has declined from $1.30
per 100 kilograms to ninety-five cents in the same period. Not-
withstanding this decline, the profits derived from these two
subsidiary products of coke manufacture are stated by good
authorities to be as high as forty per cent., all of which goes to
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the credit side in the general account of Germany’s mining and
metal industries.

But this is not all. Still another point in which the Germans
secure an important advantage, especially as respects their
American competitors, is in economizing the waste and coarser
forms of fuel. It is conceded that Americans are masters of
economy in labor, but they are extravagant with materials. In
our country millions of tons of coal dust—the waste of mines,
railways, and iron mills—are thrown away as useless. An
official commission, after exhaustive study of the subject, has
recently published the astounding information that for every ton
of anthracite coal mined and marketed in Pennsylvania, one and
one-half tons are wasted; and the loss in bituminous coal,
although somewhat less, is still enormous. In Germany, France,
and Belgium all this refuse coal dust is carefully saved. Part
of it is mixed with pitch derived from tar distillation and molded
into *’ bricquettes,” which are used as fuel for locomotives, sta-
tionary engines, and household grates. The remainder of this
finely pulverized carbon is blown by jets of live steam into
various kinds of furnaces, where it burns with almost the fierce-
ness of crude petroleum. Coal dust from mines costs in Ger-
many twenty-five cents per ton on cars, or in large quantities
$2.38 per carload of ten tons, and the care with which it is saved
and utilized adds an important percentage to the fuel supply of
this country. It is by this application of scientific economy to
every stage of manufacture, the saving of secondary products,
and the invention of new processes and machinery to work most
advantageously native materials that the German iron and steel
makers have been able to face without disaster the declining
metal markets of the past four years.

The question may be fairly asked whether the time has not
come for Americans to study far more carefully than they have
studied hitherto tlie scientific economies of manufacture. Euro-
peans stand aghast at the recklessness with which our forests
and mines and petroleum deposits are being exhausted and the
soil of vast acres drained of its fertility by forms of culture
which wring a yearly crop from the land, but give back little or
nothing in return. There are in nearly every coal-mining dis-
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trict in the United States great mounds and embankments of
discarded slack and coal dust which, under a better systemn,
might be utilized as fuel; and fortunes are lost every vyear in
the clouds of gas and smoke that rise from the coke oveis of
Virginia, Pennsylvaunia, Ohio, and Alabama. With soda, salt,
and phosphate beds in a dozen states, we imnport the heavy
chemicals for soap and paper making and annually purchase
from Europe sulphuric acids aud chemical fertilizers which
ought to be made at home. There is a lesson in the coke oveus
and chemical laboratories of France and Germiauy which the
economists and manufacturers of America can unot study too
thoroughly uor too soou.

NEW BOOKS.

RESEARCHES UPON THE PHENOMENA OF OXIDATION AND CHEMICAL

PROPERTIES OF GASES. By Francis C. PHILLIPS.!

The dissertation, which is reprinted from the Zransactions of
the American Philosophical Society, 17, May 26, 1893, is pub-
lished in two parts, the first of which deals with:

(@) Phenomena of Oxidation of Hydrogen, Carbonic Oxide,
Gaseous Paraffins, Olefines, and Acetylene.

(0) Qualitative Reactions of Gases.

(¢) Substitution Products of the Action of Chlorine Upon
Methane.

(d) Preparation of Halogen Compounds of Alkyls and Ole-
fines.

In (a) the author has directed his experiients chiefly towards
ascertaining the temperatures at which combustible gases, when
mixed with air and passed over asbestos impregnated with
various metals, will unite with oxygen. Asbestos fiber was
coated with the different metals by moistening the asbestos with
a solution of the chloride of the metal and then dropping alcohol
on the fiber and igniting it. The inetals employed were pal-
ladium, gold, platinum, iridium, osmium, rhodium, and pal-
ladium-platinuin. About 0.3 gram of the asbestos thus prepared

1 Dissertation for the degree of Doctor of Philosophy., University of Pennsylvania.



