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to be under 0:04 per cent., it is absolutely necessary to use either Swedish
iron, washed metal, or one or two very special brands of English iron.
Many steel makers prefer, in the case of axle steels, which usually contain
from *25 to '35 per cent. of Carbon, to catch the metal when the required
point of decarburisation has been reached, rather than work down to nearly

soft steel and then recarburise by charging pig-iron on the banks. When 3
making steel below 04 Carbon, most excellent results can be obtained by
this method of working, and the difficulties of getting slag and metal into 3

the right condition are considerably less than in case of higher Carbon steel;
but even for these lower Carbon steels it is necessary to use a larger

percentage of pig-iron to ensure a fairly long boil than if it is intended to =

recarburise in the furnace, and not more than 50 per cent. of scrap should be
used in the charge.

In the manufacture of special steels or alloys for armour plates and
other purposes, the charge is worked in the same way as for ordinary high
Carbon charge, and then the special alloy of Ferro-Chrome, Nickel, &e.,
added, special care being taken to see that the slag is as free as possible
from oxides. The ingots of these steels are usually cast from the bottom,
to ensure greater soundness and a better surface or skin on the ingot.

CHAPTER VIIL
BASIC SIEMENS PROCESS.

Tak basic Siemens process, like the basic Bessemer process, depends, for the s
removal of Phosphorus, entirely on the formation of stable Phosphates, and S8

this is effected by lining the furnace with a basic or neutral material, and by

lime additions during the working of the charge. The furnace employed, wighs i
the exception of some minor details, is identical with that used in the acid ¥
process, and the method of working is the same, the impurities being
oxidised partly by the air during the melting, and partly by the additions

of solid Oxides of Iron to the molten bath after the charge is melted.

Early Practice.—In the early days of the basic Siemens process :

several furnaces were specially designed to meet the particular difficulties
encountered, to facilitate repairs, &c., and to reduce the cost of construcs
tion ; but after many trials it has been found that a furnace constructed ons
modern lines similar to that used for acid work gives the best all-round
results in actual practice.

The Batho Furnace.—Amongst the earliest forms of modified furnaces
used for basic work was the Batho furnace, which was greatly improved inSs
various ways by Messrs, Riley, Dick, Wailes, and Hilton. In its earlierss

form it was a round furnace, and the voof was built in an iron frame
forming a lid, and was suspended independently of the walls of the

furnace from girders above, arrangements being made for raising the roof§
bodily when the furnace required re-lining or repairs. A sketch showings

the general arrangement of a modified form of the furnace of this type is
given in figs. 158 and 169, The chief points urged in favour of theses
furnaces were, that the regenerators, being on each side of the body of thes
furnace, were quite independent of the latter and contained in separate irolS
casings so that in the event of a breakout there was no risk of the metal
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getting into the regenerators ; that it was impossible for a leakage of gas to
take place between the gas and air regenerators, leading to the destruction of
the brickwork ; and that, the regenerators not being underneath the staging
the latter was much cooler for the men to work on. One modification of the
furnace was to make the body elliptical (as shown in the sketch) instead of
cylindrical, but with all these furnaces the difficulty of getting the gas and
alr ports to withstand contraction and expansion was so great that it has
 been found berter to return to the rectangular furnace, with a solid square
block for the ports, which is capable of resisting the great strain put upon
16 by contraciion and expansion. The modern type of farnace (as shown in
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L1y, 159, —Bketches illustrating ceneral arrangement of a Batho Furnace,
Sectional plan and elevation.

g;g:‘.] 127-130) practically has all _the advantages claimed for the Batho
5k :;CB. The body of the furnace is independent of the regencrator arches ;
e Eenﬁritoxjs are away from t}‘]e bottom of the furnace, and there is practi-
theymo 1isk of air and gas burning, due to leakage of gas and air between
tha;t thg:rll)erat?rs. It may be, theref_ore,. taken as established by experience
" ties%t; orm of furnace for bam_c Sl_emens work is that of the ordinary
i yPpe, as far as general design is concerned, and it will differ only
e et;.na,] lining of the hearth or crucible, and the method of support-
e qu_and other. details, Owing to the very friable nature of basic
rial, 1t 18 not possible to build the entire working body of this; it would,
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for instance, be quite impossible to build the roof with basic bricks, or even
the entire walls, as they would not support the weight of the roof, and conse-
quently part of the structure has to be of basic and part of acid materials.
There is thus the danger of these two dissimilar bodies fluxing when in
contact at high temperatures. It was to overcome these difficulties that the
suspended roof of the Batho-Wailes furnace was designed, but it has been
found that these difficulties of the fluxing of the two materials-are not so
gerious in practice as theoretical consideration might lead us to suppose,
and they have been successfully dealt with by practical men. Tt was dis-
covered, when the basic Siemens process began to be adopted, that silica
bricks of best quality might be in contact with basic material without
any serious fluxing action, provided they were not suljected to pressure. This
fact was soon taken advantage of, additional security being given by
generally introducing a joint of some neutral infusible material like
Ohrome iron ore to form a neutral joint between the two bodies,

Lining the Furnace.—Probably the most simple way of lining a basie
Siemens furnace is to build up the entire casing, from the bottom, with acid
bricks, the roof being then carried by the walls, as in an acid Siemens
furnace. The hearth, or crucible of the furnace, is then padded with basie
material, to a height above the slag line, as shown in fig. 160, The objection

Sidiea

Fig. 160. — Silica Brickwork
continued down to bottom
of hearth to carry the weight
of walls and roof. Hearth
padded with basic material.

Fig. 161,—Silica Brick-
work above the basic
supported on angle
iron, @, with Chrome
joint between the two
materials.

to this is that the working hearth of the furnace is somewhat restricted, and
a furnace which, in acid work, would take 25 tons, will probably not take
more than 20 tons ; provided one is prepared to go to the extra first cost, and

build larger furnaces, this system is probably the best as regards repairs, a8 3

in the event of the banks being cut away, if they are not fluxed quite to the

Silica brickwork backing, there is no fear of roof or side walls giving way.
Another method of relieving the basic material from the weight of the walls
of the furnace, is to partly support the side walls, just above the basic

material, by a stout angle iron, @, rivetted upon the inside of the furnace =8
casing, as shown in fig. 161, and to make a joint of Chrome iron ore betweetn
the acid and basic materials. A method, originally used by Mr. Darby, of
Brymbo, and shown in fig. 163, is one which has been very generallys

adopted, and is found to give very good results, and when the guestion of

output for a given size of furnace is considered, perhaps better results thams

-the bath of metal.,
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any other. This, as will be seen from fios. 162 and 163 i i

carrying the weight of the roof on a long Iforizontal arch, s0 t%O;;Slzis tlllrz
point of contact there is no great pressure between the acid brickwork and
lgasm material, and under these conditions, even without a Chrome joint
little or no fluxing takes place between the two materials. ’

. Preparing the Hearth.—In making the hearth or bottom of the basic
lemens furnace, several methods are in use. In some of the earlier fur-
aaces the hearth was built up with basic bricks (see p. 59), made either
by hand or in a hydraulic press, with tar as binding material, and the
JOlntfs were the_n slurried with a mixture of basic material and tar ; this was
:Ot ound to give good results, as not infrequently if the bottom got cut

way, large portions of it would lift, and a number of bricks float up into
b : Another method tried was ramming the entire bottom
p dwlth baslc.ma.terlal and tar, as used for lining converters, and then
E};‘: ually heating the furnace, first with a fire on the hearth, and then with
i wgas, until the entire mass was burnt hard. In this case, as with bricks,
1 Was found practically impossible to burn the basic material hard through

1ts entire thickness, with the result that if the bottom got cut away to any

d"é’%l, 1;0 the partially burnt lower portion, large masses would lift. By far
. ESS Plliacli;me 18 to glaze the bottom on, as in the case of the acid furnace,
ites c:& y best before starting to cover the iron bottom plates with two or
Materialurs?s of Sl.llca. bricks,* and then a few inches of ramming of basie
- hl:fnxed with tar; this is then well fired until burnt quite hard,
& thin layer of basic material, either dry or mixed with a little tar

* Magnesia, bri ;
Dore expg;:mii:.bnck may with advantage be used for larger furnaces, but are much
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and not exceeding an inch in thickness, is thrown into the furnace, levelled
with the peel,and well glazed on. This is repeated until the bottom is built
up to the required thickness and shape. To get the required thickness on
the banks, basic bricks may be placed round the sides of the furnace, in a
gimilar way to that shown in fig. 144, for an acid furnace, or a thicker layer
may be rammed on. Burnt Magnesite has been used very successfully as a
lining for Siemens furnaces, and this lining lasts much longer than an
ordinary basic lining, but, owing to the high price, it has not been generally
adopted, and it is probable that it is economical to use it only when situated
so that supplies of Magnesite can be readily obtained. Magnesite bricks
have been used and found most satisfactory, especially as a backing for the
basic material, and expense is the only drawback. In America, in parts of
the furnaces which are especially liable to be cut away, these bricks are
very generally used, and if not directly exposed to the fluxing action of the
slag, last for an indefinite time. Carbonate of Magnesia, containing about
98 per cent. of Carbonate, is used for making these bricks.

In some American works the practice is to put first a course of fire-bricks
and then Magnesia bricks, and then glaze basic material on to these to form
the hearth. In others the first course is fire-brick, then one course of Chrome
bricks, then Magnesia bricks, and finally basic material.

Chrome iron ore has been used alone as a lining for basic furnaces, but
partly on account of the cost, and partly owing to the difficulty of getting
it to frit together and form a hard mechanically strong bottom, its use is
practically confined to acting as a separating medium between silicious and

basic material when one is resting directly upon the other. Bauxite has S8

also been tried, but unless extremely pure is not sufficiently infusible, and,
owing to its great shrinkage on intense heating, is liable to crack. Lime,
which is the cheapest and most readily obtainable of all basic or neutral
materials, is not suitable, partly on account of its great infusibility, and

partly owing to the difficulty of keeping it for any length of time previous 8

to use without slaking.

As a matter of actual practice, therefore, no material has been found so

generally suitable as the burnt dolomite or basic material, as it is suffi-

ciently infusible for the purpose, and at the same time sufficiently 1

fusible to just frit together and form a hard mechanically strong bottom
at Siemens furnace temperatures. It must be remembered that, from the
chemical point of view, any of these so-called neutral materials—i.e.,
materials that are inert or not readily acted upon, either by ferruginous
or bagic slags—would answer perfectly for the hearth of the furnace, the
only thing required being a material to act as a crucible, which shall
be infusible and unacted upon by highly ferruginous and calcareous slags,

at the temperature employed, and so enable lime to be added to form =

a stable Phosphate. The tapping-hole in a basic Siemens furnace i8
made in a manner very similar to that in an acid Siemens, anthraecite
being placed at the back, but instead of fireclay and sand, a little basie
material and tar are generally rammed into the hole, next to the anthras
cite, and the remainder made up on the outside with sand.

Details of Working.—The usual method of working is as follows :—8
The furnace being thoroughly hot, generally a little lime and ore are ™
charged upon the bottom, then the pig-iron, with which a few shovelfuls®s
of ore and lime are mixed from time to time, and, lastly, the greater
portion of the scrap. In the case of very light scrap, a portion of thisss
may be charged during the melting down, as in the acid process, but it}
is preferable to charge all the pig and scrap at the same time. The
charge is then melted down, and when clear—i.e., quite melted—addi=S
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tions of iron ore or non-silicious oxide from basic or .oxide reheating
furnaces, or any form of Ferrous or Ferric Oxide, free from Silica, are
thrown in, with lime or limestone from time to time. The furnace;nan
when the charge has been on the boil for some time, takes out small
samples with the spoon, hammers them down, quenches, and bends them
over until fracture takes place, and from the fracture and the condition
of the slag is able to judge how the process is proceeding, and if more
ore or lime is required. Although it is essential to maintain a basie slag

and also a fairly oxidising one during the early stages of the process it
18 important that too much lime should not be added, both on the score
of economy, and also to avoid getting a pasty slag; and it is equally
important not to-have too oxidising a slag, as otherwise the metal wiil
be over-oxidised, very wild in casting, and probably red short when
rolled. The great point which the furnaceman has to guard against is
the removal of his Carbon before the Phosphorus, and this is especially
80 in the case of high Phosphoric charges, as there is often a tendency
for the metal to go off the boil before the Phosphorus is oxidised to the
required extent. If this happens it is only with the greatest difficulty
that the last traces of the Phosphorus can be finally removed. If this
should oceur, the only thing to do is to add hematite pigiron to the
bath, and try to get the metal on the boil again., The probable reason
why it is so difficult to remove Phosphorus after the Oarbon has been
oxidised is that there is no CO coming off from the bath to act as a
mechanical stirrer, and bring the metal into intimate contact with the
oxide and lime in the slag, by which the Phosphorus is oxidised, and
unites with the lime to form a stable Phosphate of Lime. In wo;king
highly Phosphoric charges, as in the case of a very high Phosphorie pig-
tron and small percentage of scrap, this removal of the Carbon before the
Phosphorus is much more liable to occur than in working low Phosphoric
pig and the usual amount of scrap, as the relation between the percentage
of Carbon to the percentage of Phosphorus is so much lower in the former

and consequently the risk of removing the Carbon before the Phosphorut;
80 much the greater. The furnaceman should never tap until he is satisfied
from the examination of his samples that his Phosphorus is not more than
‘05 per cent., as otherwise he may find an average sample from the heat
when_tapped gives over ‘06 per cent. In some works a sample passer makes
a rapid determination of Phosphorus by the Molybdate method, measures
the precipitate in a very small tube of known size and compares it with a
Standard sample, this being an excellent check on the furnaceman,

A}though the reactions taking place in the basic Siemens process are
Ppractically 1de_ntica1 under different systems of working, the rate of removal
ﬂg the metalloids may be made to vary within very wide limits. As Oxide
o ‘!1101'1 does not readily flux with the basic bottom in the way it does with
zosxlwmus heart‘h, considerable quantities of Oxide can be placed on the

tom of the furnace before charging, and in the very early days of the
. clﬁﬁlemen's process, the author believed that the rapidity of the working
Oxide gPZ T_lgl't ‘Oe_greatly fa(:lhte'ated by adding a large proportion of the
“aen :;1 . ime or innestor@ required on the bottom of the furnace before
i E]Etblt e metal. By this method of charging, during the melting period,
: igl runs down into a bath of molten basic Oxide, and the impurities
. tha,g )];removed from one part of the chayge while the other is melting,
ey Etl‘? completely melted, the charge is nearly converted into steel,
t:«‘errinEfe : is wag f()lll-ld to be the case under the special conditions of the
il nts made, which were with very high Phosphoric pig-iron, it was
ound that there was great liability to get the Carbon removed before
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the Phosphorus. What probably happened was that as the metal melted
little by little into the molten Oxide, the Carbon was oxidised very rapidly,
and before the charge was entirely melted, there was practically a bath of
carbouless and dephosphorised steel, and as further pig-iron melted down,
this Phosphoric material mixed with the bath of practically carbonless iron.
The result was metal comparatively high in Phosphorus and low in Carbon,
and there was then great difficulty in removing the last traces of Phosphorus.
With a low Phosphoric pig-iron, where the proportion of Carbon to Phos-
phorus would have been higher, much better results could have been obtained,
and even with high Phosphoric iron, containing 26 and 30 per cent., some
bundreds of tons of excellent steel were made.

The removal of Phosphorus before the Carbon in the Siemens furnace is
largely a question of temperature, and it was found in practice that the
temperature of the furnace when working on these lines could not be con-
trolled sufficiently to insure the removal of the Phosphorus before the Carbon,
with the result that the production of low Phosphorus steel regularly could
not be depended upon, and more regular results were obtained by adding
less Oxide before charging, and finishing the charges by addition of Oxide
after the bath was melted. In some works no Oxide is charged with the
metal, but the usual practice is to add some, the amount varying with the
composition of the charge. It is not possible to lay down any definite rule
as to the amount of Oxide which should be added with the charge, as it is
really a matter of experiment to find the proportion that gives the best
practical results, both as regards rapidity of production and quality of pro-
duct for a given composition of charge. [

When the furnaceman, by examination of his samples, is satisfied thab
the Phosphorus and Carbon are removed to the required degree, he at once
gets ready to tap. A few half pigs of hematite iron are added to bring the
metal to the boil again, and the tapping-hole is opened by driving a steel bar
through it as described in the acid process. The Ferro-Manganese is always
added in the ladle, usually broken to the size of peas, and thrown on the
stream of metal as it passes from the furnace. If added in the furnace, there
is great danger of Phosphorus passing back from the slag to the metal.

Pig-iron and Serap.—The pig-iron used should be as low as possible
in Silicon and Sulphur, fairly high in Manganese, and Phosphorus may
vary from 0-100 to 200 per cent., or even 300 per cent., although a pig-
iron not exceeding 15 per cent. is much to be preferred, if it is desired to
produce regularly a steel of high quality.

Unlike the basic Bessemer—where a certain amount of Phosphorus is
required to maintain the heat of the bath—here, where the temperature is
maintained largely by external means, the lower the percentage of Phos-
phorus in the pig-iron used, the greater the ease and regularity with which
this impurity can be removed. The actual charge of pig-iron and scrap
will vary with the quality of the materials available.

In many works in England, a pig containing Phosphorus about 1'75 per
cent., Silicon under 1:00, Sulphur, ‘05 ; Manganese, 1-5 to 200, and Carbon
3:50, is very generally used, and about 25 to 30 per cent. of wrought iron
and steel serap is charged with this pig. , More scrap may be used if avails
able; but, when working on a large scale, it is not generally possible to
obtain more at a price which will pay in this country.

One great advantage of the basic Siemens over the acid process, is that
miscellaneous serap, either wrought iron or steel, containing a percentage of

Phosphorus which would render it useless for acid Siemens practice, may be
used, and, consequently, this can be obtained, often at a lower price than

selected steel serap, and a larger proportion can be used in the charge. In S
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some cases, in districts where large quantities of scrap are obtaina
much as 70 to 80 per cent. is melted in each charge, gud then verybi':p?g
working is possible, as much as three to four heats being melted in the
tweqty-four hours ; in these cases, the furnace becomes 1‘ea?lly only a sera
mel.t-mg furna,oe,. the whole of the impurities being practically removeg
during the melting period so that when once the bath is clear it is read
to tap, provided it is sufficiently hot. This practice is followed in somg
parts of the C‘-ontm_exllt by small works with one or two furnaces, in districts
where large quantities’of scrap can be cheaply obtained; but commercial
conditions do not permit of its being carried out in England to any extent

The following analyses (Table xxxii.) made by the author from a numb;;r
of charges, illustrate the removal of impurities in the basic Siemens furnace
during melting, when charging varying quantities of ore with the pig-
iron ; charges B may be taken as fairly typical of normal working for high
Phospho;us pig, about 2 cwts. of ore or oxide being charged ptér ton of
metal with the pig-iron. For a low Silicon and Phosphorus charge, of
course, the amount of ore would be considerably reduced to obtain the same
percentage of removal of the impurities :—

TABLE XXXIL—SmowiNe THE REMOVAL DURING MELTING OF
Mzrarrops 18 Basic Open HEARTH UNDER DIFFERENT
CoxnpiTioNs oF WORKING.

WHEN MELTED.

I B.
2 Cwis. of Oxides per
Ton of Metal charged
with the Pig-iron,

A.
Composition of Charge. 1 Cwt. of Oxides per Ton of
Caleulated. Metal charged with the
20 per cent. Scrap. Pig-iron.

] 1 2 3

g?];‘ubgm 4 L . ol 238 (240 |2:20 |2+49
B nh, . . r o ‘069 | 060 | 046 | +093
e p! no;'sus, 4 . . |2 2 '(_57 243 (244 |2+48
B %a- e, : : - |4 546 | 89 ‘600 | 66 | -
phur, : < i 06 052 | +032| ‘071 | -096

Same quantity of Lime charged with heats 1, 2, 3, 4.

J

‘WHEN MELTED,

: . . o
Comp%ai?gz]laotfe gharge. 8 Cwts. of Oxides per Ton ﬁ;nmt% ,(Ei‘;‘lffé%]i} F)];](ejd::wl:r
e of Metal charged with Ton of Metal charged with t-%e
’ Pig-iron. Pig-iron.

A 3

Carbon | 3:000 | 1:00 70! |

- . . 1300 | 670 '0-900 [ 0-140 | 0-120 | 0°150

!b;}}:fsmﬁ . 1436 | 037| 040! -037, 040 -090! -020| -ol6

Manmoeey  + +[170 | ‘600| 640 | ‘705! 960 || 134 | -088 | 122

SulopDese, . . |14 | -288| 288| 200, 140 '258} 200 | *140
phur, . . | <140 139 -140| -120| -207| -127| -180] <150

Same quantity of Lime charged with heats 1, 2, 3, 4,
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It will be noted that, when a large quantity of ore was charged with
the metal, the bath was practically decarburised and dephosphorised when
melted.

Considerations Respeecting Slag.—The most essential conditions for
the successful working of the basic Siemens process are :—1. The mainten-
ance of a sufficiently basic slag to prevent the dissociation of the basie
Phosphate of Lime by the reducing action of the Carbon in the metal bath,
and of the Silica in the slag. 2. To prevent fluxing of the bottom by a too
silicious slag. 3. To maintain a slag sufficiently fluid, so that it may be
brought into intimate contact with the metal, 4, To keep the slag suffi-
ciently, but not too oxidising, to do the necessary chemical work during the
early stages of the process, and to finish with as neutral a non-oxidising slag
as possible. This latter is very important, as an oxidising slag at the end
of the operation means over-oxidised metal, which leads to wild heats, and
to finished steel which is red short and mechanically defective. Basicity of
the slag is obtained by the lime or limestone additions, and by the basio
material which is taken up from the lining, although one great object of the
lime additions is to prevent the latter as much as possible. The fluidity ia
due largely to the Manganese oxidised, the Oxide of Iron formed during
melting, and added as iron ore, and any other small quantities of bages,
added as impurities in the ore and lime, which unite with the Silica
present. It is mentioned by Campbell,* who gives a large number of
analyses from different charges with varying percentages of Phosphorus to
support his contention, that as the Silica decreases the Fe0 increases, and
that under similar conditions low Silica means high Fe0, and consequently
more complete dephosphorisation.

He suggests that the reason for this automatic adjustment between the
Silica and the Oxide of Iron is due to a struggle to attain a certain degree
of fluidity, and acting in obedience to this tendency, Silica and Oxide of
Iron replace each other. Whether the more complete dephosphorisation is
due simply to increased fluidity or to the oxidising power of the slag, Camp-
bell considers has not been decided ; but it seems probable it is due to both
these causes, as greater fluidity means more intimate contact with the
metal, the larger percentage of Oxide means a more energetic, oxidising slag,

and less Silica means a relatively more basic slag, with greater power of &

retaining the Phosphorus in the form of stable Phosphate of Lime. We

thus have the Oxide of Iron in the best possible condition to do its work of =

oxidation, and a slag rich in lime ready to combine with this Phosphorus
when oxidised, which broadly may be taken as the functions of these two
bodies in basic Siemens practice. In fact the successful working of the
process and production of steel of regular quality may be said to practically
depend upon maintaining the proper adjustment between the oxidising bases
in the slag on the one hand, and the non-oxidising bases on the other, and it i8
here that the skill of the melter shows itself. The following are some typical
analyses of basic slags from basic Siemens furnaces, taken from an average
of a large number of analyses, The Phosphoric acid will vary with the
amount of Phosphorus present in the original charge, but the Silica and

lime will be relatively about the same, as the amount of lime added depends =8
far more upon the Silicon content of the charge than the Phosphorus cons =58
tent, and the Silicon varies comparatively little except in cases where almost
entirely scrap charges are being worked. Thus in actual practice the™s

additional amount of lime it is necessary to add to a charge containing 2 per

cent. Phosphorus, as compared with a charge with 1 per cent., does not ™S
greatly affect the relative percentages-of Silica and lime in the two slagses

* Trans. American Inst. of Mining Enginecrs, vol, xxii,, pp. 445 and 446.
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Tl:e following may be taken as fair average composition of finishing
slags :—

ComrostrioN or Basio Sraes Takes ¥roM A LARGE Nusper oF Casts.
Oxide of
lsjq]:gg Oxidel gt Slgan. Ma].lig‘:;;ese. Iiifqi. Maf?;aia. I’hosp?iolr:lg Acid.

Campliell* in his paper on the open hearth process, gives the following

average composition for slags :—

. ] Phosphorie Oxide of

Bilica.  Oxide of Iron. Acid, Manganese, Lime, Magnesia.
10°50 17+65 1306 875 4084 504
11-50 1557 13:12 10-22 4002 547

The final slag should not contain more than 16 to 17 per cent. of Oxide
of Iron, as more than this usually maans undue waste and liability to over-
oxidised metal.

Manufacture of High Carbon Steel in Basic Siemens Furnace,—-
When using Phosphoric pig, &c., in the basic open hearth, it is difficult to
completely remove the Phosphorus before the Carbon and finish with a bath
of any required content of Carbon, and it is not possible to pig back by
eharging hematite pig-iron on the banks of the furnace to give the percentage
of Carbon required, as in the acid process, as this would reduce phosphorie
acid from the slag, and the Phosphorus would pass back into the metal, If
15 is desired to make high Carbon steel, the usual practice is to recarburise
the metal outside of the furnace, and so keep the slag and Carbon out of
contact.

Darby Recarburising Process.—Mr. J. H. Darby, of Brymbo, some.
years ago, taking advantage of the fact that molten steel rapidly absorbs
Carbon when brought into contact with it, devised a special method of
making steel of any required Carbon percentage by intimately mixing
Carbon with the molten metal as it leaves the furnace.

T}:EB arrangement used is shown in fig. 164. It consists of a hopper with
an adjustable orifice, in which the required weight of Carbon is placed and
allowed to fall in a stream into the subsidiary perforated vessel, A, which is
suspended over the casting ladle, and into which the steel flows on its way
to the ladle. The delivery of the Carbon can be regulated by varying the
Opening in the hopper, and only small quantities of Catrbon and steel coming
together at one time, there is no danger of causing a boil in the ladle, and
gntlmate. admixture of Carbon and steel is insured. The whole of the
b:i?{):wlsdnfgt a:bsorbed, tl'lere being a loss of a_bout 20 per cent., which must

i ed for in calculating the amount required for any particular charge.

e Carbon used should be as dense as possible and free from Sulphur
anthra.elt_e coal or dense, hard, pure coke giving good results, ’

Steel 18 now generally carburised by adding anthracite coal in the ladle,
or throwmg it on the stream of metal as it passes into the ladle; in this way
:1&3 carburisation can be fairly well controlled, but care must be taken to
o ég:ﬁ?gbggfefore the slag passes into the ladle or it is liable to cause
= {he Ellmlqatipn of Sulphur.— Under the normal conditions of

r&ing the basic Siemens process, the removal of Sulphur is very variable
wT-c:?k nge charges, considerable amounts }neing removed, and in others,
i e: &Pparentl_y under the same (}f)l’ldltl{?l’ls, none at all, and even an
s S?E i1]$ sometimes observed. It is advisable, therefore, if a regular
S puur steel is desired, to start with low Sulphur pig, and a pig
ining also a fair percentage of Manganese, -

- . .y v . .s
Trans. American Inst. of Mining Eingineers, vol. xxii., p. 440,
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in the elimination of Sulphur in
t part played by Manganese in ¢ :
thell’t;g:i:g?:mgns mgy{)ot be clearly understood ; but thzﬁ:i}h_ dot:‘)szt %lai{!:;;
important part has been proved without doubt, and the addition pieg
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steel before entering ladle ;
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y vessel, A, is now rarely used,

‘he subsidiar

Fig. 164 - Darby Recarburising

or Ferro-Manganese at the end of the charge before tapping is generally
& =}

i i ; Iti bable that the Sulphur =
distinct reduction of Sulphur. It is pro t y
;(;};g;eﬁxégtie 1slafg in the form of Sulphide of Manganese in the same way

THE SANITER PROCESS, i

ixer in the presence of
r which can be removed by Manganese
, a8, if too much carburising metal is
from the slag and pass back into the
Phosphorus. It is better, therefore, to

niferous pig-iron with the charge, or to

add manganiferous ores to the bath to maintain a fair percentage of Man-
ganese Oxide in the slag, which is alternately reduced and oxidised, and, in
passing backwards and forwards from the metal to the slag, certainly tends
to remove the Sulphur, especially when a very basic slag is employed.
Campbell has shown in his paper already referred to that, other things being
the same, a highly calcareous slag distinctly tends to the more complete
removal of Sulphur, and, broadly, the more basic the slag the larger the per-
centage of Sulphur removed. Here, again, the results are very variable, and it
seems impossible to rely upon the removal of a definite percentage of Sulphur,
even when working under the same conditions as regards slag and metal,

Various methods of desulphurising molten metal before or during conver-
sion into steel have heen suggested, the essential conditions in all apparently

oing a fluid basic slag and intimate contact b

Rollet clai
pig-iron with large excess of lime
50 that the slag contained less

23 it was shown by Massenez* to do in a metal m
Manganese. The amount of Sulphu
additions is, however, very limited
added, Phosphorus will be reduced
metal, and the steel will be high in
melt a certain proportion of manga

, and from 21 to 48 per cent. of Fluorspa.r,

than 2 per cent. of Silica, Under condi-
tions of low temperature, Oxide of Iron, as shown by the puddling and Bell

and Krupp washing processes, is capable of removing very considerable
quantities of Sulphur, varying from 50 to 90 per cent., according to the
percentage present, and other conditions. The old Henderson process of
pouring molten pig-iron on to the hearth of a furnace covered with fine
Oxide of Iron and Fluorspar, removed considerable quantities of Sulphur,
and the Heaton process of pouring molten iron on to nitrate of soda,
according to the analyses of Miller and Snelus, was most effective in
Temoving it. As much as 77 per cent.t of the Sulphur can be removed by

Pouring molten iron on to a mixture of soda ash and ground limestone

® removal of Sulphur in the metal mixer by Manganese as Mn$ hag

Or mixing is available.

ith the exception of the mixer,
depend upon the action of a fluid basic,
he use of alkaline salts has

D IemMove considerable
absence of oxidising age
Obtained in electric fur
high Percentage of lim

t results,

Further experience with t
bhat to desulphurise, it is bes
8 fairly oxidising g]
Increase the flyidit

rther additiong o
Yontain the maxim

practically all the above methods
and more or less oxidising, slag,
been shown by Messrs. Ball and Wingham
quantities of Sulphur, and their conclusion that the
nts is desirable, seems to be confirmed by the results
naces, ! where it is found that

a slag containing a very
e and practically free from Oxides of Iron gives the

he basic open hearth process has demonstrated
t first to dephosphorise as much as possible with
ag, and then to add excess of lime, with fluor spar to
y of the slag, towards the end of the operation; no
f oxide should be made, so that the finishing siag may
um amount of lime and the minimum of Oxide of Iren.
> Percentage of limo which a basic open hearth slag can be made to carr
and sti]] pe sufficiently fluid is limited by the temperature available, and,
Consequently, the very complete removal of Sulphur is attended with con-
Siderable practical difficulties. This elimination of Sulphur is costly, as it
* Iron and Stee] Tnss. Journ., 1891, vol. ., p. 76.
T 1bid., 1892, vol, ii., p. 257, _ 1 See chap. xi., p. 279,

13
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-« essential that the metal should be kept in the furnace under a very basie
ls?aigsfgr a considerably longer period than would be necessary for tﬁl_e hremf\:[:;l_
of Phosphorus to the usual limits required for structural steel, w 1;: ﬁer_a 'f;l 3
a large consumption of fuel and lime and reduces the output o] ::‘13 ed-:
product in a given time. Probably a mixture of soda ash and {‘ine1 yi;gl.'Ol}: i
lime would sive excellent results, the soda ash giving fluidity e ?'E:‘G] Vs
and molten metal poured upon such a mixture, under proper con }f 1:m.s£
would be largely desulphurised, the chief objection being the guesu‘on 0 ;o}s} |
The Saniter Process.—The method of dpsu]phpnsahon1pmp?s‘t:{ ksy.
Saniter, has given very good results, and is now In use in Severa. fte]'e )01‘ 3
Tt is based on the use of Calcium Ghlorllde in conjunction with 1:1311(.]. an} 4
although the exact reactions by which the Sulphur is removed are n:)l'c 1&:1;»%
understood, the researches of Stead * and others ha_ve thrown so;ns.‘. 1]g, flinité :
the subject, and it seems probable that an oxychloride of 1Emedo t”tll( e samé:
compositioh is formed, which enables a slag of great ﬂuldlvt.ylanl ‘}1 : ;ememl‘:
time of great basicity to be brought into intimate contact M.L 1 the t{u)( oltellt :
The process may be carried 01£1t in 1{:;0 l\:iaysf—(]n)agg };c; ?{it;r:% iqn(;art:lt et
iron in a ladle as it comes from the DIast furnace b s cash 1
;?ZZ;“(}E) 1“f)lymdesu]phurissinec:,r thebmc_vlte]z;l metal du;::(;;g-t ellts conversion intoy
i basic open hearth or basic Bessemer converter. : E
Sme};liltlil%rst casep, a fusible mixture is made by grinding tog'lelt:,hlel Caflfciuzflt 4
Chloride, Lime, Fluorspar, and L}imes‘t-(l};}e in thetprfoga?xtlic:réi which are fount |
aiv o which is fluid at the melting point ot cast 1ron. .
4 c'?iﬁfr?i?ture is placed on the bottom of the ladle, and t}{f tr}?olétenollrbz;;
run upon it, when it gradually melts and rises through the bath of mOItEES

metal, and, in so doing, removes as much as 66 per cent. of the Sulphurs

.
i ini : Saniter recommends thes
present from iron contaming 0:20 per cent. Saniter ]

following mixture for each ton of pig-iron :—
Dry Caloium mﬂcfri.ae, Q.Ibs. Fluorspar, 9 lb}i_-,arth - i S
Calgﬁlﬁ%ﬁﬂ?ﬁ?ﬁfﬂﬁeﬁs dle)zsiicﬁiji};]eg: hthte ;{lgrlkai& ge;ro;;haedcgl:g‘gii ;1{%}::12 .T‘
ime additi re being n tha o
ity e er kol o, X
i}el’?iig ‘;1?: ;u?(;listl;, il't;;‘eg :]velpbospllifg'isati_on:j as well asfde;uéfehelilisﬁﬁggé vr
Frzlgr;?g}iofsc;éizgﬂ?iv:fﬁnzrhgmfr?}l}loos‘iv&g%,a;ﬁ:ilﬁyrfssly gupporf this ;ie;r i

TABLE XXXIIL

9. Cleveland. 3. Basic Cinder Pig.

|
|

Lime, 15 1bs. Limestone, 8 1bs:

| 1,

I Pig-iron Steel. kil
T ST [ = 911

012 0-25 " YQ 22 o
Trace 1:50 Trace y Trace 0. 70
' 025 | 0025 | O 0018 | 008
0030 35 0-036 006
045 | 040 020

e
Pig-iron. | Steel. Pig-iron. | Steel. | Pig-iron.

Carbon, . oot
Silicon, . 22 0
Sulphur, .| 096 007 2
Phosphorus, | 075 | 0026 | 150
Manganese, | 030 047 070

N ig-i i selecte taining an abnorm

0. 1 was pig-iron especially s,e}ec'.tbd, con :

of Sl:lopbur to Psﬁow how completely it cfougl'c%_be 1‘em§\-§&], 1;1;2] ;l;: (;t;-};e;

i ideri - entage of Silicon and Manganese,

jrons, considering the low percen Alison end e

:ea] of common iron, and in each case the Sulf e

?1'3123 : %, :nay seem doubtful if it is not bett-erfa;;i cheaps\:r tool‘rex;a.!&ec a fn
asic Digiron low in Sulphur by addition of Manganeso OF®l, "= it

E;:ég frl)nt‘:nace, rather than throw the responsibility of removing this o;)im )

# I'ron and Steel Inst. Journ., 1892, vol. ii., p. 260. + Supplied by Mr, Baniss
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able constituent upon the steel maker,

the correct thing to do. But even then there will always be some iron
ma,de. .Wlth high content of Sulphur| and in such cases, or where the local
conditions are such that a low Silicon and low Sulphar iron cannot be made
economically in the blast furnace, the Saniter process comes to the rescue
and enables high-class steel to be made when it would otherwise be impossible,
In cases, too, where fuel for gas production is of inferior quality, so that the
metal in the Siemens furnace is liable to take up Sulphur during the process
of manufacture, the addition of comparatively small amounts of Caleium
Chloride would probably greatly reduce this liability of the metal to absorb
Sulphur, if it did not altogether prevent it. The process is not of course
applicable for working in an acid lined furnace, as a slag containing over
B0 per cent. of lime is essential ; but hematite pig-iron for acid work can
of eourse be desulpburised in the ladle before charging into the furnace, It
h;l..s been urged against the process that anything like the complete removal
of the Sulphur—t.e., to 03 per cent. or less—greatly increases the length of
time required to work a charge of steel, and so reduces the output, and there
18 certainly some truth in this, although this will greatly depenci upon the
quantity of Calcium Chloride mixture added, and if this is added in suffi-
dlent quantity to maintain & strongly basic fluid slag to the end of the opera-
uion, the delay in working should not be a serious objection. One curi(’)us
ﬂﬂ'ae? of the Calcium Chloride and Fluorspar appears to be that they
:Egs;fiaira;;yii:dgc: tile Sf)lubilit}if in citric acid of the Phosphoric acid in
; rtant p ertili
]argelynupon thlijs so]ubirli?c;:_lt, as the value of the slag as a fertiliser depends
MF'.W‘ G. Burman * has investigated this
quantities of Fluorspar (from 1 to 10 cwts.) to the slag in 18-ton steel
eharg_es_:, and the following table gives the results thainbed a8 regards the
Solubility of the Phosphoric acid with and without Fluorspar :— 5

TABLE XXXIV,

and in the author's opinion this is

question by adding varying

WITH THE ADDITION OF FLUORSPAR. WITHOUT FLUORSPAR.

Amount, of Total Soluble

Fluors : i i ili
used}?ar th;%?fiul ic | Phosphoric | Solubility.

| = Tot}al : PISoluhle
I hosphorie hosphorie Solubility.
Acid. Acid, Ac?d. Gy

—

Cwta, Per cent. Per cent. Per cent, Per cen

1766 742 420 ‘ 572 | T3a e
15-37 2-56 166 | 14-93 13-18 882
15-81 844 533 1575 14:30 908
15°81 345 218 17:07 13:33 839
1343 078 8 16-26 14-12 8
1584 3:82 24°1 | 1575 13+43 8
|

8
2

Hematﬁte.and Low Phosphorus Pig-Iron.—In this country most of
OSphoric ores contain a somewhat high percentage of Phosphorus,

our

A ; : e
consequently comparatively little or no pig-iron is produced with Phos-

g::izu:tju?t outside the hematite limit—say, from 0-100 to 0-500—and our
e g:ntma"ki;zs have generally to deal with pig-iron containing at least
e o; o‘sphorus, and frequently more. Unless they are prepared
Tk theme price, they have also_ to take fairly high Silicon. In some
o pig-iroe (_m;ment, and in America, where low Phosphoric ores exist
of thason 111 with about 0:25 per cent. of Phosphorus is obtainable, the task

eel maker is a comparatively easy one, as dephosphorisation is

* Iron and Coal Trades Review, January 9, 1903, p. 94,
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practically always complete long before the bath is decarburised, so that there
is really no danger of any appreciable amount of Phosphorus being left in
the ste¢l when the final Carbon has been removed, and a very regular low
phosphorus steel is the result.

One direction in which the basic process has developed to a small extent
when an exceptionally pure material is required for electrical and other pur-
poses is the working of hematite pig-iron charges in the basic Siemens. As
it is difficult to get English hematite iron low in Silicon without being
high in Sulphur, and as high Silicon pig causes endless trouble in a basie
furnace, it is not only advisable, but practically necessary, to use what may
be termed a basic hematite—that is to say, a pig made from hematite ores
with Manganese ores added, so that the pig-iron is low in Silicon and
Sulphur and contains about 2 per cent. of Manganese. Considering how
easily such pig-iron is treated in the basic furnace, the small extra cost of
working the process compared with the acid, and the extraordinary purity
and regularity of the final produet, it is somewhat surprising that more acid
steel makers have not put basic linings into their furnaces to treat pig-iron
of this description, and made special arrangements with the blast furnace
people for the production of a suitable pig-iron. Below are given the
analyses of samples taken from a hematite charge during every half-hour,
and they show very clearly that almost directly the bath is melted the
Phosphorus is reduced below the average of that present in high-class acid
steel in the finished state.

TABLE XXXV.—CHEMIOCAL ANALYSES OF STEEL SAMPLES TAKEN AT
INTERVALS oF 30 MINUTES, DURING THE WORKING 0F A HEMATITE
CrARGE, IN A Basic Siemens Furwace propuciNg Low CaArBON
STEEL.

Silicon. Sulphur. Phosphorus. Manganese. | Arsenic.

=z
=
&

0-008 0032 0054 0391 trace

*

0006 0037 0046 0-380 trace
0-006 0029 0:023 0340 0004
0-007 0-038 0025 0°340 0002
trace 0 030 0013 0°327 | 0004
0:030 0-016 0+290 trace
0025 0013 0:293 0004
04036 0-010 0236 trace
0-040 0-008 0270 0-002
0038 0009 0220 0004
0032 0-006 0230 trace
0030 0°009 0270 >
0:032 0006 0270 0003
0-037 0008 0240 trace
0°041 0:006 0250
0037 0-008 0230

OO0 ~T O O i QO BD

0035 0008 0-244
0030 0007 _ 0220
0033 0005 0240
0034 0004 0-217
0033 0007 0-217

* Nos. 2, 18, 20, and 22 were notsanalysed.
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The samples were kindly supplied by Mr. Darby, of Brymbe, for the late
8ir Wm. Roberts-Austen’s experiments, in connection with the Alloys Researci
(ommittee, and the analyses were made by the author. In view of the fact
that our own hematite ores are rapidly becoming exhausted, and that many of
the large Spanish deposits are also, to a very large extent, being depleted, 1t is
a question worthy of the serious consideration of our iron and steel manu-
facturers, whether it would not pay better to make a basic pig from part
_hematite and part native ores, to contain, say, not more than 0-50 per cent.
of Phosphorus, and to work such pig in basic furnaces in preference to hematite
pig by the acid process. There can be no reasonable doubt that starting with
guch a low Phosphoric pig-iton, a steel could be produced which, both as
regards regularity of chemical composition and mechanical properties, could
hold its own for all structural purposes with any steel produced i the world.

As things are at present, however, it is often difficult to obtain such pig-iron
fairly low in Phosphorus, and low in Silicon and Sulphur, although there is
no difficulty in obtaining Aigh Silicon pig low in Sulphur. To meet this diffi-
gulty many attempts have been made at preliminary refining previous to
treatment in the basic Siemens, some proposals being to simply desiliconise,
and others to both desiliconise and dephosphorise.

The simplest way of desiliconising is to blow the molter metal from the
blast furnace for a few minutes, generally about six minutes, in an acid-lined
Bessemer converter, and then transfer in the molten state to an open hearth or
wiemens furnace to dephosphorise and decarburise. This method of working is
practised in some (ferman works, but the waste in Bessemerising and cost of
maintamning two plants has prevented its being at all generally adopted. At
some works with which the author was connected some years ago, experiments
were made in this direction, but after trials extending over a considerable time,
they were abandoned, as it was found cheaper to pay a higher price for specially-
selected pig-iron. ; .

The processes which seem to offer the best promise of success are some
modifications of the washing process of Sir Lowthian Bell, by which the iron
can be largely desiliconised, and also, to a considerable extent, dephosphorised,
by the action of an oxidising slag at a comparatively low temperature without
Appreciably removing the Carbon.

Production of Pure Iron in Basic Open Hearth from Phos-

. Phorie Iron.—Until comparatively recently it has been generally held tha’

the addition of manganese to steel made in the open hearth process was
absolutely essential to obtain a satisfactory product, and steel which con-
tained less than ‘15 per cent. of Manganese would be red short and incapable
of being rolled or forged. For several years past a product has been made
i the United States and is now being produced in this country in the basie
Open hearth furnace which contains 99-80 per cent. of iron. The charze
18 worked down in the usual way with limestone or lime and ore until the
Carbon is below 0-1 per cent. and Phosphorus and Sulphur below 0:04 per
“ent. ; the refining process is then continued at a high temperature for
about one hour longer, further additions of ore being made until Manganese
and Carbon are reduced to about 02 per cent. During this refining the

Eth of metal becomes over-oxidised, and comparatively large quantities
;’n fﬁﬂmnlum, equal to about 1 to 1} Ibs. per ton, are added to the charge
10 the Jadle. By this means the metal is deoxidised and degasified to such
f’n extent that ingots containing not more than 0-05 per cent. of oxygen
a'?e obtained. 1t is claimed by the patentees that any deoxidising agents
®Xeept Carbon and Manganese can be used and similar results obtained.
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The material is capable of being rolled into thin sheets, bars, etc., without
showing any signs of red-shortness at certain temperatures, but there is &
range of temperature within which the metal is so red-short that it cannob
be rolled. This critical or red-short range of temperature, according to Dr.
Stead, coincides with the Ar, range, and practically it is advisable to roll
at a temperature above 950° (., or to stop rolling when the temperature of
the material falls to 950° C., and allow it to cool to 850° C., when it can be
again rolled without any signs of red-shortness. The analysis, kindly supplied
by Dr. Stead, varies between the following limits. It is being sold under the
trade name of Armco Iron :—

b & 5 . . . 0'02 per cent. to 0°03 per cent.

MR e e apa s O & Y R

e A T . ,, nil 2
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This very pure material is equal to purest Swedish bars, and experiments
for the production of high-class crucible steel from it are being made by Dr.
Stead.

A somewhat similar material, but not quite so pure, is being made without
any addition of Aluminium, or at all events without more than a few ounces
per ton being added, as is frequently done when making ordinary steel. In
this case, after over-oxidising the steel, it i necessary to remove as far as
possible the oxidising slag and make a new slag as neutral as possible by
lime additions, and to hold the metal in the furnace for a considerable time,
gome pig-iron being added before tapping to deoxidise the bath. In this way
metal containing not more than 3 to -35 total impurities, including Carbon
and Manganese, is obtained. Both these pure materials have very low electrie
resistance, and probably will be largely used in the future for the conducting
rails for electric railways and similar purposes. It is also claimed that the
very pure iron resists corrosion to a remarkable extent compared with
ordinary steel. The material, made with little or no Aluminium, containing
slightly more impurities than the material made with excess of Aluminium,
can only be rolled within the same range of temperature, and to obtain
a steel which can be forged and rolled at all temperatures from a low red

to a welding temperature, it is necessary to add Manganese as usual to thess

molten steel.

The Talbot Washing Process,—In 1892, Mr. Benjamin Talbot intro-
duced a new washing process for the treatment of the very silicious irons of
Alabama, which consisted in running the pig-iron from blast furnace, cupola
or mixer through a bath of molten basic slag, obtained from an open heartl

furnace. The slag (from an open hearth furnace) was run into a basic-lined %

vessel, and molten iron was poured in & thin stream through this, and aftes
being allowed to stand for a short time was either taken in the molten condition

to an open hearth furnace or cast into moulds, and then charged into the furnaces

in the solid state. The glag from a finished heat of steel was found to be suffis
ciently oxidising to remove the Silicon and also part of the Phosphorus, and

the heat developed by the chemical reactions was sufficient to maintain thes

metal in a fluid condition. If further oxidation was required, fluid Oxides oF

finely-divided solid Oxides were run into the containing vessel with the slagss
Verv excellent results were obtained by this process, but owing to the readinesss

with which low Silicon, Sulphur, and Phosphorus iron can be obtained in thé
States, it has not heen used to any extent.

KRUPP'S DEPHOSPHORISING PROCESS. 197

Krupp’s Dephosphorising Process.—Another process depending
upon the removal of impurities by fluid Oxides, is the Krupp washing proc:
cess, which consists in running molten iron from a cupola into an open ﬁearth
f:.m_m.ce, the hearth of which is inclined and revolves, and in fact is somewhat
similar to the old Pernot furnace. The hearth of the furnace is lined with red
ore by packing in small and large lumps, and thoroughly glazing the whole
by h'eat. 'l'h'}s hearth section is on a carriage, and can be 1'e111u‘6d when
sequired. It is revolved by a steam engine, three or four times per minute
during heating up, and when the hearth is ready 700 to 800 lbs. of ore are
charged and well heated. With very Phosphoric pig-iron more ore is added up
to, say, 1,000 Ibs., :and if the iron is silicious some lime additions are made.

When the ore is raised to a white heat, melted pig-iron is run from the
cupola, and the hearth rotated at a rate of about 10 or 11 revolutions per
minute. After two or three minutes a vigorous reaction takes place, which
]ast:s for al_luut two minutes, when the bath becomes quieter, and the C:Jl'bonic
Oxide begins to escape. If it is wished not to decarburise, the metal must be
tapped at once, but if it is desired to carry dephosphorisation further, a little
Carbon will necessarily be removed during the process. The whole Oil(‘l'ﬂ.ﬁnn
up to the beginning of the evolution of CO gas lasts five minutes, and for the
more complete (_lcphu*piu‘n'isnilon eight to ten minutes, the tapping taking a
furt;her three minutes. The dephosphorised metal is then transferred to an
ordinary open hearth furnace, in which three heats can be made in twenty-
four hours:», using the dephosphorised metal without scrap. s

The })l‘,_{*il‘f)l.l should contain about 10 per cent. Manganese, not above
10 per cent. Silicon, and should be as high as possible in Carbon. The following
are several analyses of metal samples taken before and after the (leplmsplmrtf
w.ing, by which it will be seen that Carbon is not appreciably removed :—

Before Treatment. After Treatment.
1 {Cﬂrbon, . ' ‘ . 4 . . 3990 376
Phosphorus, . . ‘ . : . 0632 0-132

9, {(;arlmn. . : 2 : ~ : . 3810 3:660
Phosphorus, . 5 : ; : . 0450 0-108
3. {(.nrlmn, 5 ' . - : ; . 3170 3:020
Phosphorus, . : i : v . 1:220 0-300

The_(}arl_mn, after treatment, is all combined, and the fracture of the
refined iron is white. :
~ This process has been worked more or less as a secret process, and very
little is known as to the yield, output, and costs of manufacture; but there
Seems no reason why a preparatory furnace on this principle without any
rev?l.\‘lﬂg hearth, but worked at a low temperature to dephosphorise and
giesmconlse, should not play an important part in the future of the basic
BRI conren i ol b betis o do the whols opeeati i
e ugh,. of rse, auld. be j 10 © 10le operation in
e urnace if possible, if equal rapidity of production and regularity of pro-
h:x(: (ﬂll(‘i be ensured. In America a very pure material is obtained by treating
atite iron by t_lnrs or a similar process, and the so-called ** washed iron ™ 18
% ely imported into this country and used to replace Swedish irons when
ery pure metal is required. Two analyses gave the following results :—
Carbon, . 5 ; . - . 305 3-00
Silicon, . . ; : . . 0-:0097 0-010
Sulphur, . . . 00027 0-0065
Phosphorus, . - . . . 00077 0-0085
Manganese, . . . . S E trace.




