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OUR very material and ivilisation, 
admittedly =n Jill e possible by the 

developments in aJlfLPgy, is indebted to the 
chemists of the e· teenth and early nineteenth 
centuries to an extent not always appreciated 
for their success in isolating the elements, and 
particularly the metals. Their efforts were largely 
sustained by the desire for knowledge, since material 
reward in the modern sense could scarcely be con
templated, and, indeed, did not enter into the 
thoughts of many of these pioneer investigators. 
The world owes much to the Swedish chemist Gahn, 
who first successfully isolated the metal manganese 
in the latter half of the eighteenth century. As 
regards the application of the element in the 
metallurgy of steel, the two outstanding names are 
Mushet and Hadfield. Mushet discovered its value 
when added in small quantities in the manufacture 
of ordinary commercial steels ; whilst Hadfield 
produced an alloy of iron and manganese having 
properties entirely new and unsuspected in the 
range of ferrous metallurgy. Hadfield's manganese 
steel led the way in the successful development of 
alloy steels. This material, when quenched in 
water from a high temperature, becomes soft and 
tough, whereas previous steels became hardened by 
such treatment. By virtue of the discovery of 
such phenomena, investigators were led into a 
proper appreciation of the changes taking place in 
iron and steel with change in temperature. To 
Sir Robert Hadfield we are indebted for two 
extremely interesting papers presented at the May 
meeting of the Iron and Steel Institute : one 
reviewing the world's resources of manganese; the 
other containing the results of his latest researches 
on the iron-manganese-carbon system. It is of 
value that an investigator who over a long life 
of continuous research in ·a field which he has 
made peculiarly his own, should review the sub
ject. 

When it is remembered that manganese was only 
first isolated in 1774, the metallurgical achievement 
at the present time of smelting 2! to 3 million tons 
of ore is indeed considerable. Such are, however, 
the advantages of the alloying of the metal with 
iron that it is indeed desirable to review the 
position, particularly in regard to the British 
metallurgical industries. In an interesting and 
valuable contribution to the discussion upon these 
particular papers, Sir Thomas Holland quite rightly 
asks whether, and to what extent, scientific and 
technical matters such as these should be confined 
in discussion to technical institutions, and whether 
the larger public should be instructed in the 
economic and political aspects of the matter. The 
discussion in which Sir Thomas took part un
doubtedly gives the answer, since the extent of 
the resources and the distribution of the ores were 
brought home to a large audience, many of whom 
no doubt were instructed by the paper and the 
ensuing speeches. Particular attention might be 
directed to an excellent map given by Sir Robert 
Hadfield showing the known sources of manganese 
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Manganese. 
ore in relation to the British Empire, and whilst it 
is clear that we have excellent deposits within the 
Empire's borders, it is also clear that to retain the 
advantage of them, and to receive adequate supplies 
for the home industries, our sea routes must be kept 
open. India, the Gold Coast, .Russia, and Brazil are 
indicated as the largest present sources of supply ; 
large deposits not fully developed occur in South 
Africa, Europe, and South America ; whilst there 
are few parts of the world where the ore is not 
worked. Cost, however, is vital, and the richest, 
more easily available, and the nearer the deposits, 
the better is it for the consuming industry. 

Turning to the commercial reduction of the 
metal from the ore, the survey of the development 
indicates rapid technical progress. The discovery 
of the influence of manganese in facilitating the 
production of good steel by Sir Henry Bessemer's 
process, naturally led to concentration upon the 
matter of supplies of the metal. 

It is described how Heath in 1839 first made 
the application of manganese to steel production 
possible by the use of his ' carburet of manganese,' 
but it should be remembered that at that date, and 
for some time afterwards, liquid steel could only be 
produced in small crucibles which men could lift. 
It was the advent of Bessemer's process, described 
by him in 1865, which made possible the engineers' 
dream of a mechanical world based on iron and 
steel. Without manganese, the process was not 
practicable. Largely through the experiments of 
Mushet, who had been working at the production 
of metallic manganese from 1830 onwards, it was 
shown that the addition of manganese to Bessemer's 
blown metal produced a very tough workable steel, 
and ensured the commercial success of the process 
destined to revolutionise everything, since, for the 
first time, cheap steel in great quantities became 
possible for the multiplication of railways and ships, 
and a multitude of minor services upon which our 
civilisation is so dependent. By 1865, at the 
suggestion of Bessemer, Henderson in Glasgow was 
making an alloy of iron and manganese, containing 
25 to 30 per cent. manganese, by his own process, 
which consisted of reducing, upon the hearth of a 
Siemens' furnace, "a mixture of carbonate of 
manganese and oxide of iron in the presence of 
excess carbon by means of a neutral or reducing 
flame." M. Pourcel and his colleagues then 
developed in ]'ranee the produotion of iron
manganese alloys, very rich in manganese, by blast
furnace methods, and such indeed was the progress 
during the years 187 5 to 1885, that even during this 
period the alloy was available with more than 80 per 
cent. of manganese and produced at a prioe so low 
as to constitute an adequate complement to the eco
nomic side of Bessemer's process. Our British iron
masters were not slow to follow, and manganese
iron alloys of a wide range of composition became 
suitably available, both in quality and tonnage, to 
meet the needs of the rapid increase in steel 
production. 

We now come to consider a most important phase 
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of the manganese production. Whether the alloy 
was ferro-manganese with a very high percentage 
of manganese, or ' Spiegel ' containing low per
centages of manganm;e, it necessarily contained a 
high percentage of carlJon, owing to the fac:t that 
it wa:s produced in the blast furnace with coke as 
the reduc:ing agent. Manganese alloys were not 
avttilable exeept with a high earbon eontent, and 
the ear bon ranged at so high a value as 4·0 to 7 ·0 
per cent. This was fortunate as regards the 
Bessemer proeess, sinee that process consisted, in 
Britain, of blowing air through liquid crude iron 
until finally only very small quantities of the 
carbon, manganese, and silicon remained, and 
therefore it was just as necessary to add carbon as 
manganese before finally casting the steel. Since 
the manganese addition of the order of 1·0 to 2·0 
per cent. remained constant, and the carbon of 
steel must vary according to the purpm;e to which 
it waR to he put, it will he seen that by choos
ing suitable ratioo; of manganese and carbon in 
the manganese alloy the desired result was ob
tnined. 

As nn interesting departure from the normnl 
Bessemer process, it should be reeorded that the 
Swedes developed an indigenous modification based 
on the use of erude iron rich in manganese, and 
that at the end of the blowing period, sufficient of 
the element remained in the iron to make additions 
unnecessary. Some of us had the pleasure of 
seeing this process in operation last autumn through 
the courtesy of our Swerlio;h friend::;, and it was 
intereRting to Ree how the retention of manga,nese 
in the liquid bath permitted a technieal eontrol of 
the blowing operation, since the blowing could he 
arrested, the eornposition of the bath determined 
and blowing proceeded with intermittently until 
the desired carbon content was attained. In 
considering the development of the early major 
steel processes, it should always be borne in mind 
that the physical chemistry of the reactions was 
e.ven less completely mastered than at present, and 
that the whole of the development was neces
sarily accomplished by empirical methods. The 
achievements of. the last century demand our 
appreciation. 

Turning now to the discovery of manganeRe Rteel, 
Sir Robert Hadfield must have been a very young 
man when, in the early 'eighties of laRt c:entury, the 
idea occurred to him of adding the mnngnnese 
alloyR then available in v11rying proportions to iron 
with the reRultant production of a series of iron
mtrbon-manganeRe alloys, one of which proved to 
lmve astounding properties. It had previously 
been under:stood thnt if more than 2 or 3 per cent. 
of mnnganese was added to steel it became use
lessly hard and brittle. Indeed, the whole of the 
experimental series produced by Sir Robert were 
very low in ductility in the as-cast condition, but 
his research was carried further, and by various 
experimental heat-treatments he discovered that 
in a range of composition, quenc:hing in water from 
a high temperature produc:ecl alloys of great 
ductility, and other valuable characteristics. It 
will thus he seen that the discovery of manganese 
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steel did not simply result from the melting of the 
material,; in different proportionR, hut neceRRitated, 
in addition, a well-conceived research covering suh
Requent treatment. 

' Manganese steel' iR still produced to the original 
composition and treatment as determined tt:s a result 
of the original researches. It contains 13 to 14 per 
cent. of manganese, and between 1·0 and 1·5 per 
cent. of carbon. In the water-toughened condition 
it has a tensile strength of 60 to 70 tons per square 
inch, accompanied by a ductility indicated by an 
elongation of 40 to 60 per cent. Although very 
tough, its wear resistance is remarkable, and this 
property has led to its IPanufacturc in very large 
quantities. Its great ductility, accompanied by its 
high strength, led to the production of many 
millions of soldiers' helmets during the War, whilst 
its non-magnetic properties have found applications 
in many, and in some extremely curious, directions. 
Tt should, however, he borne in mind that this steel 
is. a ternary alloy, i.e. it consists essentially of 
iron, nmnganese, and c11rbon, and, aR Sir Robert 
points out in the seoond paper under consideration, 
his early discovery was ftwilitated by the high 
carbon content of the early nmng11nese alloyR, 
available at the time, resulting from their rechwtion 
in the blast furnace in the presence of an excet-l:s of 
carbon. 

It always intrigued the minds of metallurgists as 
to what would be the properties of iron-manganese 
alloyR of similar composition in the absence of 
oarbon, hut until comparatively recently it was 
only possible to approximate to the necessary 
experimental conditimlR, owing to the difficulty of 
obtaining ' carhonless' manganeRe. The efforts of 
many investigators have oulminated in it now being 
possible to fulfil the conditions rea:sonably. Sir 
Robert Hadfield has been able to produoe a serieH 
of iron-manganese alloys in which the manganese 
content varies from 1·68 to 83·5 per cent., with a 
carbon content not exceeding 0·20 per cent. until 
the manganese exceeds 39·0 per cent. Whilst not 
even yet quite fulfilling the desire to produce a 
series free from carbon, yet the carbon content is 
undoubtedly exceedingly low when it is borne in 
mind that sufficient of each alloy was produced to 
inveAtigate the wide range of properties satis
faotorily. It is instructive that Sir Robert was 
able to secure metallic manganese containing 99·52 
per cent. of the element with only 0·11 per cent. of 
carbon. A survey of the results will show that 
comparison is now possible of the data to be 
obtained from a U:I·O per cent. manganese steel 
containing 0·09 per cent. of carbon, with the 
standard product, whieh c:ontainR approximately 
fifteen times that amount, that is, 1 ·4 per c:ent. 
The experiments indicate the neeessity of the high 
carbon content for the essential wear- resisting 
property; that the non-magnetic properties ean be 
achieved with the low carbon, but by considerably 
increasing the manganese content ; but that the 
high strength and great ductility are impracticable, 
except with a substantial carbon content. The 
paper contains much data of value to the specialist, 
and although space prevents the writer doing so, 
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the author duly acknowledges the work of others 
in the same field with a thoroughness which is 
by no means invariably a noticeable feature in 
scientific papers. 

Manganese has its applications in other branches 
of metallurgy, and its compounds have been applied 

industrially down the centuries, but enough has 
been written concerning its value to the key iron 
and steel industries to emphasise the importance 
of ensuring that, whether we be at peace with the 
world or not, our supplies must not be inter-
rupted. W. H. H. 

Lister's Methods in Surgery.1 

By Sir W. WATSON CHEYNE, Bart., K.C.M.G., C.B., F.R.S. 

I T is curious how events and discoveries fit into 
their proper place in the history of the world, 

and how one discovery may often dovetail into 
another and increase the usefulness of both. I 
have in my mind the discovery of anresthesia and 
asepsis. 

Anresthesia alone was naturally a very great gain 
to mankind both in saving pain and in reducing 
shock, but in some respects it was a disadvantage. 
Before its introduction, the hall-marks of a good 
surgeon were rapidity in operating and thorough 
anatomical knowledge. The range of operative 
work, however, was not very great. But the fact 
that pain could be abolished and shock considerably 
reduced by anresthetics had the effect of en
couraging surgeons to perform more prolonged and 
intricate operations. The consequence was that, 
as sepsis was as frequent and as dangerous as before, 
this meant an increase in the number of cases of 
sepsis and in the mortality in the surgical wards ; 
and surgeons became more doubtful than ever of 
the advisability of extending the area of surgery. 

As soon, however, as Lister had firmly established 
his aseptic methods, this difficulty passed away ; 
rapid and enormous extensions of the limits of 
surgery were introduced by him and his followers, 
and anresthesia took a permanent and most im
portant place in forwarding this. 

The times were indeed ripe for the revolution 
made by Lister in the treatment of wounds. For 
ages, those who practised surgery were constantly 
confronted by the various septic diseases following 
wounds, whether made accidentally or by the 
surgeon. Occasionally, some one had a glimpse of 
the truth, but the wound treatment, whatever its 
nature was, had as its object the application of 
dressings and medicaments in order to make the 
flesh heal, as opposed to Lister's principle of leaving 
the wonnd itself alone while striving to remove all 
agencies which might hinder the w61.tnd from healing. 

The cause of the septic troubles was for long 
looked on as connected with the admission of air 
to the wounds, and when oxygen was discovered, 
that gas was generally blamed for setting up 
changes in the blood and tissues. But towards the 
end of the eighteenth century, John Hunter pointed 
out that it could not be the gases in the air which 
caused harm, for in cases of emphysema and pneu
mothorax due to fracture of a rib and puncture of 
the lung, the tissues and the pleural cavity became 
distended with air ; but neither sepsis nor suppura
tion supervened. Therefore Hunter was in favour 

• From an address delivered at the Lister Centenary Celebrations at 
Edinburgh on July 20. 
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of abolishing the masses of dressings which were 
most in vogue in those days, and contented himself 
with applying a piece of dry lint over the line of 
incision and encouraging drying of the lymph and 
blood-that is to say, healing by scabbing. His 
example was followed by others, who tried to 
aid scabbing still further by blowing warm air 
over the wound at frequent intervals, or by the 
use of powders, dusting the line of incision with 
them. 

About, the same time Abernethy advocated with 
considerable success the use of valvular incisions in 
removing loose bodies from joints and in opening 
psoas abscesses. 

At the beginning of last century, subcutaneous 
surgery was introduced and Delpach elaborated it. 
Although its range of action was comparatively 
small, it still remains one of (he important surgical 
methods of the day. 

During last century a number of methods of 
treating wounds were introduced with a certain 
amount of improvement in results. Such methods 
were : open treatment, water dressing, immersion, 
water bath, irrigation, occlusion, etc. Just before 
Lister began his work, variouB substances, chiefly 
in solution, which belong to the class of antiseptics, 
e.g. coal tar, carbolic acid, iodine, hypochlorites, 
perchloride of iron, etc., were being tried, especially 
in France. Of these, carbolic acid was lauded by 
Lemaire, but these antiseptics were only used in 
septic wounds ; and Lemaire and others missed 
Lister's great generalisations which were the basis 
of his work. 

I may mention here Lister's 'slogans.' 
1. Destroy the bacteria before they enter and 

establish themselves in the tissues. 
2. Antiseptics are not used as applications to the 

tissues of the body laid open by the surgeon, but to 
the bacteria which are present everywhere, in the 
air and on the objects around. 

3. Let as little as possible of the antiseptic enter 
the wound, but do not be unnecessarily afraid of it 
because, so long as the bacteria are kept out, any 
superficial damage done by the antiseptic will be 
rapidly repaired without any acute inflammation or 
suppuration. 

4. The failure of the previous attempts with 
antiseptics was due to the fact that they were 
applied to wounds in which bacteria had already 
gained a footing and, as there is very little chance 
of eradicating the bacteria at that stage, irritating 
antiseptics like carbolic acid only make matters 
worse. 

One would have thought that. these principles 
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