QUALITY OF METAL PRODUCED,

Comparison of Bessemer and Open Hearth Processes.

Quality of Metal Produced.—The first consideration is the question
of quality, and here it must be admitted that acid processes have the advan-
tage over hasic processes working under ordinary conditions, as, assuming
care is taken to select suitable pig-iron, the risk of producing high Phosphorus
steel in the acid processes is at once eliminated, whereas, however great the
care taken, the removal of the Phosphorus in the basic processes depends
upon the skill and attention of the men, and there is always the possibility
that the metal may not be dephosphorised to the required extent. In the
case, too, of the manufacture of rails, or other fairly high Carbon steel in the
converter, there is the additional risk of rephosphorisation from the slag on
adding the recarburising material, even when every precaution is taken.
With dead soft steel this danger exists in a smaller degree. In respect to
removal of other impurities, the acid processes offer no advantages over
the basic, as, in the removal of Sulphur, the advantage lies with the
basic process, in which removal, if somewhat erratic, does frequently
take place.

With regard to the open hearth process, where steels of different grades
are requived, with Carbon varying from 100 to -70 or 100, the acid process
has again the undoubted advantase over the hasic open hearth, as in working
ordinary phosphoric pig-iron, recarburisation would have to be effected out-
gide the furnace by some recarburising process, which does not enable the
same control to be maintained as when 1t can be done in the hearth of the
furnace. In the special case of working hematite iron in a basic furnace,
the conditions are different, and we have the advantage of the pure iron
used in acid furnaces, with the additional advantage that even the small
percentages of Phosphorus originally present would be greatly reduced, and,
consequently, an exceptionally pure material can be made.

The basic open hearth for treating hematite or low phosphoric pig-iron,
although extending, has not come into general use, but the process is practi-
cally confined either to high phosphoric pig-iron, or pig-iron containing
just too much Phosphorus for use in the acid open hearth, The reason for
this is largely due to the fact that the majority of our English plants working
the acid process have not blast furnaces in connection with their steel plants,
and consequently cannot take molten mixer metal, but are confined to cold
pig-iron, and in most cases this is high in Silicon, and would be very destructive
of the furnace bottoms. Under conditions where hematite iron could be
desiliconised in a mixer, there can be little doubt that the basic open hearth
would be much more economical than the acid open hearth working cold
materials, especially when the increased yield is taken into consideration.
The improvement in the quality of the steel, especially in respect to low
percentage of Phosphorus, would be undoubted, and there seems every
reason ‘why basic furnaces should be used in preference to acid, provided
molten metal is obtainable, and it is probably only a question of time for
them to be generally adopted.

Comparing the quality produced in the open hearth, whether acid or
basie, with that of the Bessemer processes, there can be no doubt that the
lormer produces a more regular and reliable material. In the first place,
the operations are under greater control. Samples can be taken at repeated
mtervals, and examined if necessary, both chemically and mechanically, and
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the working of the process modified to produce the desired result. There is
also far less danger of over-oxidation. That the quality of open hearth steel
is, for the same class, superior to Bessemer, is confirmed by the fact that
engineers, &3 the result of experience, always prefer if, and are prepared to
pay a higher price for it. For high Carbon steels which have to conform to
rigid specifications, the acid Siemens is almost exclusively employed, as
experience has shown that it is extremely difficult to get the exact Carbon
percentage specified by the other processes. Exception to this may be made
in a few cases of small Bessemer plants in Sweden and this country, working
under special conditions as to the regularity and quality of their pig supply,
and the smallness of their charges; but, speaking generally, the staterent
is correct.

Yield of Metal.—Here the open hearth processes have a considerable
advantage over the Bessemer. The average yield of an acid Bessemer plant
making rail ieel will vary from about 86 to 88 tons of steel ingots for every
100 tons of metal (including pig, scrap, spiegel, &c.) used; and a basic
Bessemer will yield only about 83 tons of ingots, whereas the acid open
hearth, working with cold pig-iron and scrap, will yield about 97, and the
basic about 95+0 tons of ingots per 100 tons of metal charged into the furnace.
One reason why the yield in the basic processes is lower than the acid, is
that the chemical loss due to presence of Phosphorus and more Manganese
is greater. In modern basic open hearth practice where mixer metal of
regular quality is taken molten to the basic open hearth furnace the yield
should be at least 100 tons of ingots for each 100 tons of pig and scrap charged

' and in some cases will average as much as 102 to 103 tons.

Cost of the Acid and Basic Processes.—Both the labour costs and
the costs as regards remewals of linings, repairs, and general refractories,
must always be higher in the basic than in the acid processes ; but against
these disadvantages must be put the lower cost of pig-iron and scrap and the
value of the basic slag produced. For the same size of plant, on the other
hand, the output of the acid processes will be greater.

Comparison as to Cost.—It is extremely difficult to give fairly com-
parative costs, as prices at the same time vary very much in different districts,
especially the price of scrap. At normal times, however, in the same district,
the differences in price of hematite pig-iron and good basic iron will vary
from 6s. to 8s. per-ton in favour of the latter, although common phosphoric
pig-iron, as used in some Bessemer plants, may sometimes be obtained for
10s. per ton less than hematite. It is, however, doubtful if there is any real
advantage in using an iron of this class, as extra waste, &e., probably
more than neutralises any gain in price. The difference in price
of selected scrap suitable for open hearth acid work, and the miscel-
laneous wrought-iron and steel serap which can be used in the basic open
hearth will, in many cases, be 10s. per ton, and may be taken generally as
at least bBs.

Taking the above as roughly representing the difference in the cost of |

materials to-day with present prices of labour and fuel, after allowing for
all incidental and establishment charges, there is little difference in the cost
of producing ingots by the various processes.

After crediting basic steel with the value of slag produced per ton of
ingots, provided sufficient serap can be obtained to work 30 per cent. in the
charges, ingots can probably be produced more cheaply by the basic Siemens
process than by any other.
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The difference in cost of production by the acid and the basic Bessemer is
so little, that it is almost impossible to say which has the advantage, although
it is probable that the basic is slightly the cheaper. o :

The acid Siemens costs of production are probably a little higher than
any of the others, although they are only slightly so, and, provid:d a good
supply of scrap equal to 30 per cent. of the charges can be obtained, the
difference is very slight. i :

Any slight variation in price of serap, of course, at once alters the cost of
produc&;ozm_ :ctznc_l tgu_s is i‘me of the difficulties attending Siemens work, in
many districts it being almost impossible to g g i '
qua%ﬁy in sufficient q1fantity. : O RehA ey

e costs of production in the modifications of the Si

such as the Talbot and Bertrand-Thiel processes, are iﬁ?ﬁftﬁroocﬁ;f:
In the case of the Bertrand-Thiel no entire plant has been designed to carr :
out the process under the best conditions, and the works using the proces};
are working under disadvantages, but, in view of the fact that it has no;
been more generally adopted, presumably the advantages over the ordinar

open hearth process cannot be so great as was anticipated. The Talbo}é
process is now in use at various works in England and America, and appears
to be making steady, if somewhat slow, progress. Judging from the gmall
amount of reliable information available, the costs ap}'{éarnto be distinetly
lower than in the ordinary open hearth working under the same conditions
especially when low Sulphur iron is available, and the chief objection to the
process is the cost of the installation, which probably has been the principal

‘ reason why it has not been more generally adopted. At first the cost of

repairs to the ports and furnaces was very heavy ; thi
considerably reduced by gradual impl‘ovementéyin congt’1-u2¥itc:11t.hls il
Recently the large Witkowitz Steel Works decided to abandon the Duplex
process, which had been in operation at their works for a number of Ears
and after a most careful investigation of the various modifications of theyBa,sié
process working on the Continent, in America, and England, were still some-
what in doubt which process was the most suitable under their s’pecial conditions
They, therefore, decided, hefore putting down a complete plant, to carry
out what may be regarded as a unique metallurgical experiment,and erec)’é
a special plant consisting of a 300-ton mixer, three fixed 50- to 60-ton
fu.rn:tces, one Wellman 60-ton tilting furnace, and one 200-ton Talbot furnace
The Talbot furnace was designed so it could be used as a mixer should this
i};];(;fles;s prove uﬂsaf;sfgct-oryi and if it were decided to use this process the
urnaces could be utilis i ing g iti
pm%?lc.;ed i Singadkad) ]t;lﬂ},:d for melting the large quantities of scrap
is plant was operated for nearly a year, the grea ‘ ing t
0 weigh the raw materials used and tﬁe ﬁi]ir;hedg p]fggffc’r{fsar:blssiliegdt&:;g
s‘tlso to test the different steels for their suitability for the various pur,poses
Eequlred. For six weeks a special stafl of engineers was employed night and
ay to check all the weighings in and out, and make sure that ‘i"lu'nacz scra
etc., from the different furnaces was credited to the right furnace Tﬁ)é
mixer was used largely as a storage for molten metal, no rbeﬁning apar-t from

esiliconising being done. The following table shows the average composition

of the pig-iron and mixer metal used :—
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AVERAGE ANALYSES,

\ ‘CoMpARISON OF COSTS. (7o face page 215a.

(@) Pig Iron. (b) Mixer Iren.

= I
| | | 1

f \ | WELLMAN PROCESS OPEN HEARTH PROCES [ DUPLE g

i | i g 5 2 AN HE! PROCESS | EX PROCESS

Mn Si P | S Mn ‘ Si P 5 (New Steelworks, Witkowi New Bbas H _PROCESS ; AiEg ; S5
percent, | percent. ‘ per cent. | percent. | percent. | percent | percent. | per cent. - = witz). (New Bteelworks, Witkowitz). | (Ond Ulﬁ;lilﬂg;#g]) Works,

per cent.

1

514 tons.

| =

| 1 6T o et
1:08 008 904 | 021 07 | 004 ; o Bk e 0t
151 007 | 097 | 025 4 004 - i i 89
1'74 007 | 086 017 67 003 175 tons. 800 tons. ;

”

|

Weight blmtl}lf“ri"??ﬁ[ <y ) | Shillings per Ton

iy, e ey ;‘ﬁ‘;ﬁl | Weight of Yield.

i — | otyiaa T | X
: Total, Ttem, Total.

It will be noted that two kinds of iron were used, one containing about
11 per cent. and the other 15 to 1-7 per cent. Phosphorus.

The amount of steel produced was from 800 to 1,000 tons per twenty-four
hours. The tilting furnaces were designed with fixed interchangeable port-
blocks on the Friedrich system, and the tilting section rotated about an axis
passing through the centre of the two gas ports.

The results of these very extensive experiments were given In a very
exhaustive paper by Dr. Friedrich Schuster before the Iron and Steel Institute’ Y
in May, 1914, and the following summary of his conclusions, and the tabular — 80 |
statement, giving a comparison of the working costs of the different processes, 1 Mixer b o) S }| (50°66) (46°11)
is taken from his paper. Dr. Schuster particularly emphasised the fact that Vihotil | (w52 W“"ilt,h_qut-}' (46:97)
the conclusions drawn apply strictly only to the Witkowitz conditions, and - : e
that different results may be obtained where working under different con- » s 4t
ditions .—

R R [ e [ i

(4460)

41 061 27

i 27 076
|

Dr. ScuusTER'S (ONCLUSIONS.

“1. By using a mixer (capable of being heated), and carrying out but
a small amount of refining in the same, the production of the steel furnaces
supplied by it can be increased by about 30 per cent.

“9. The quality of steel produced is, both physically and chemically,
independent of the type of furnace employed.

3, The yield is influenced by (a) the pig-iron employed, and (b) the ratio
of scrap to mixer iron and pig-iron respectively ; and such yield is practically
the same whenever the same conditions are observed in furnaces of different
types

13

. The Talbot furnace is the type most adaptable to the working up of
pig-iron of varying composition, and to changes, within fairly wide limits,
1 the amount of scrap added.

%5 n the Talbot furnace, pig-iron of the lowest to the highest phosphorus
content can be worked up without deteriorating the quality of the steel, the
decline in output with pig-iron rich in phosphorus being smaller than in the .
case of other types of furnace. ] ki - 210 (14 p.

g, Although the actual first cost of the Talbot furnace is appreciably i b
higher than that of a tilting furnace of small capacity, or of a fixed open hearth
furnace, these costs, calculated on the daily tonnage produced, work out
most fayourably for the Talbot furnace.

“7. The yield of metallic iron from the oxide additions (ore and cinder)
it higher in the Talbot furnace than in other types.

‘8. The slag produced in the Talbot furnace is (owing to the concentra-
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TABLE XXXVa—ComrarisoN oF (l0sTs.

TALBOT PROOESS WELLMAN PROCESS Orey HEARTH PROCYSS 7 H]-’;-"'f’]“‘f PROCESS
(Xew Steelworks, Witkowitz), (New Steelworks, Witkowitz). (New Steelworks, Witkowitz). (01d € I{;T!E‘\:Sl} Works,
LHOWILL).

e

Phosphorus in pmqmu Mpprﬂ\,lumlvj - v 1'7 per cent. 1'7 per cent. 1'7 per cent. 04
Yield, . v : L 10572 i 1084 | 101°1 o 38"
3

per cent.

Loss of balance, . . i A 3 : ho % s
Daily production, . ; é i : 295 tons. 175 tons, 300 tons, 514 tons,

e

| Shilling "o Slli]\i_n; er To ‘ SE!iIEEl‘.uf per Ton Shillings per Ton
Cost per | Weight of Yield., Weight of Yield. leight of Yield, | Weight of Yield.
Ton. per Ton per Ton per 1o | per Ton
Shillings. | of Yield, of Yield. I Yield. | of Yield.
Total. ef., Total. Item. | Total bem. Total.

Item.

Costs.
837
114

Charge—
Basxc pig-iron,
Serap,
me -INANEaNe w
Ferro-gilicon,
Spiegeluiseu,

I Mixer
|

‘ . 958 |
Cost per ton of charge, . v - Vit 0-89 With ] | e With )

ot A Vv}xltll}rtnﬁté el | Without1 i
| L 5 A48 ithout
Mizer § | (45'42) Mizer |
|

(46:11)

sy Sezap and pig, o

» p and p Mixer T | (448

Oxides— | |

Swedish ore, . . - 160 | 448 166 4'62 147 4'12
=

£ 061 gr |, oul

076

50 per cent. mangﬂmm ore, . . 2

Cinder (own), . ¥ - . a 44 066
»  (bought, :larr) z

|
|

(46:97) ‘ (44'60)
1

Total ore and metal,
Lime, . : . A 3
Fluorspar, . " . .

Fuel— |
Cost of gasifying, . . it i
Coal, 5 o 22 l

008
. 3 4'20
Coke, gmphite, wocd, ete., .

Refractory Material—
Chrome ore, .
Refractory material for tumaco
working,
Daiomlte tar, mcludlng wages,

Various Expenses—
Steam, gas, electricity, . .
Tools, stores, and spare parts, .
Other operations, wages, material,
Direct wages, salaries, bonus, .
Ingot moulds,
Gcmml roymlty, dcprecmblon etc

Gross cost of production, .

Less—Value of slags, . " . °k |
; wraep| g 250 (13 p. 210 (14 p.
cent.) | = cent.) cent.)
Steam and waste heat utilised, , : ; |

Net cosb of produetion, . . . ' N

Cost t;f conversion (referred to 1 ton of scmp and
pig), . . . ‘ ¢

Comparative cost of production,
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tion of the phosphoric acid when using pig-iron high in phesphorus) more
valuable than in other types of furnace; and, therefore, the profits arising
from the sale of the slag are greater.

* 9. The fuel consumption is lower in the Talbot furnace than in the other
furnaces.

#10. The life of the refractory lining is longer in the Talbot furnace than
in other systems, and thus both the charges tor repairs and the total con-
sumption of refractory material are lowest in the case of the Talbot furnace.

“11. The working of the furnace is, in the case of the Talbot furnace,
most simple and convenient, especially on account of the easy removal of
the slag by tipping the furnace.

“12. The work of the furnace staff is less trying with the Talbot furnace
than with the other types; and the number of hands necessary for carrying
out the process is, relatively, the smallest.”

Selection of Process.—In comparing the advantages and disadvantages
of different methods of manufacture, the most important points for consider-
ation in the selection of a particular process are the local conditions, first as
to the supply of the raw materials, and, secondly, the material it is desired to
make, whether rail steel, dead soft steel, or steels of different percentages of
Carbon to meet the requirements of various specifications. Thus in some
parts of England and on the Continent the only pig-iron which can be manu-
factured locally is a Phosphoric one, and the cost of production is such com-
pared to the cost of imported hematite pig-iron that any process depending
upon the latter would be most seriously handicapped, and this would practically
settle the question as to some basic process, capable of dephosphorising, being
adopted. The percentage of Phosphorus in the pig-iron, whether 2 per
cent. or more, would largely decide the question whether the process should
be the Bessemer or the open hearth. Given a cheap pig of over 2:2 per cent.
of Phosphorus, especially if there was a demand for rails, the basic Bessemer
would probably better meet the conditions, but with less Phosphorus than
this the basic open hearth process in some form would have to be adopted.

With regard to the basic Bessemer, one great difficulty connected with
the process is to obtain iron ores containing sufficient Phosphorus to make
@ pig-iron with a minimum of 2:2 per cent. of Phosphorus, as although
Phosphoric ores are very widely distributed, they rarely contain sufficient
Phosphoric acid to produce a pig-iron with this quantity of Phosphorus,
and consequently we are not likely to see any new basic Bessemer plants
gtarted.

On the other hand, assuming hematite pig-iron of good quality can be
obtained at a price within a few shillings per ton of the price of basie pig-
iron, the acid open hearth would certainly be selected, especially if it is
desired to make all classes of Carbon steels. The advantages of the acid
open hearth over the Bessemer are such that the latter would never be
adopted except in some special cases where it is desired to makeé one par-
ticular class of finished product, such as rail steel, and even then it is doubtiul
if it would be advisable to lay out a new works tor this process.

The scarcity of high-class iron ores capable of producing a pig-iron with
less than 0-06 per cent. of Phosphorus suitable for acid Bessemer work is
becoming greater and greater, and acid steel rail makers are finding it more
and more difficult to obtain pig-iron at a price which they can afford to
pay. For high-class steels for special purposes the acid Siemens will continue
to be used, as in such cases specially selected pig-irons low in Phosphorus

s
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can be worked, the cost of the pig-iron not being such a serious question,
as the price obtained for the finished product is so much higher.

It seems probable that in the future the basic open hearth, or some modi-
fication of if, will gradually supersede both the basic and acid Bessemer,
and to some extend the acid open hearth, both for structural and rail steel,
as there are large deposits of ores which are just too Phosphoric for acid
work, and which would make an ideal pig-iron for basic open hearth practice.
From many of these ores a pig-iron with about 15 to -5 per cent. of Phosphorus
would be produced, and such a pig-iron worked under basic open hearth
conditions would undoubtedly produce a far better material than is on the
average produced either by the acid or basic Bessemer, as with such content
of Phosphorus in the pig-iron the risk of making sbeel high in Phosphorus
would be practically ml, or at all events not so great as the risks incurred
by using hematite iron containing a percentage of Phosphorus dangerously
near the limit allowed in acid open hearth practice.

The general use of liquid mixer metal for the basic open hearth process,
and especially the considerable preliminary refining which is now effected
in the mixer, has so increased the output and yield, that the cost of pro-
duction has been considerably reduced, and to-day the basic open hearth
processes are in a much stronger position than a few years ago, and every-
thing points to the continued expansion of steel manufacture in this direction.

The following tables, taken from a very exhaustive paper by O. Petersen,*
illustrate the reactions occurring under different conditions of basic open
hearth practice, and in the Bertrand-Thiel and Talbot processes :—

* Stahl und Eisen, January, 1910, Nos. 9 and 10; Iron and Coal Trades’ Review,
January 21, 1910, et seq.
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Tables illustrating Reactions and showing Yields, &ec., in Basic Open Hearth and similar Processes.

TABLE XXXVI.—CraEmicarL CaHANGES DURING THE HoErsca PROCESS.

| - L
Analysis of the Metal, per cent. | Analysis of the Slag, per cent.

I \ R A \
S. ! FeO. i MnoO. | Al,0s.| CaO. ‘ MgO. | P20;. |
|

Charge and Adjuncts. Bemarks.

-

S S el 7]
O W GO

<

(096|032 [0-182] ... ‘
(O 0102 .. e o I e ol |1
2| ... [0098(1025| 503|136 |41-56 | 4:32 | 22:85 | 0069 | 12-2C kg. Swedish ore; 77
0:098| 7:06| 496 | 138 | 4548 | 400 | 22°36 | 0124 kg, rolling mill scale.
0082 | 467 : -9:3‘ 1-60 | 48- 22:13 [ 0°138 [ 11-

—

1st period,

s

I
End of 1st
ore; 5,412 kg. scrap ; period.
1,290 Metal re-
turned to
furnace.

Charge No. 1,465

0385 | 0-090 o209 .. |0°100|19:64 1349 | 3 [ 6:02 | 6-25 | 0110 | 14°20 Adjuncts : |

0205 | 07050 | 023 0-089 | 1578 ; 4 70 | ( 1540 | 105 kg. rolling mill scale.
0:090 (J-U+5|U"‘ 0-090 | 1583 388 | 235 3¢ 6:00 | 5:50 | 025 13:20

| 0-075 | 0-035 | 0-26| ... |0-080|14'13 19 | 2:21 ’ 610 | 5 0:206 | 14'20 | 160 kg. hime; (4'55) 206
kg. lime.

0058 | 0°035 | 0% 0078 [ 1623 | 8:32 | 2:20-| 45* 590 555 | 0275 | 1400
0045 | 0030 | 02 0077 | 17°20 6 2-00 6:12 | 5'15|0:316 [ 13:10

Finishing period.

200 kg. Ferro-Manganese.
0080 | 0040 | 04 v | 07067 [ 17:03 | 1025 | 1- 4628 | 592 | 5 ‘344 | 1240 Tapped.
! | | |

The above tables show reactions, &c., in the Hoesch process, which is worked in two stages, the metal being largely dephosphorised
during the first period, then tapped into a ladle to separate the slag, and returned to same furnace for final removal of Phosphorus and conver-
sion into finished steel. The furnaces used are from 30 ton capacity, and average output is 60 tons per twelve hours.

Metallurgically, this method of working is identical with the Bertrand-Thiel process. During the first period the metal is largely
dephosphorised, as much Carbon being retainerl as possible, and, instead of being transferred to a finishing furnace, it is tapped into a ladle and
returned to the same furnace without the phusphoric slag, a new slag is made and the heat finished in the usual way.
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TABLE XXXVIIL—Propucrion axp Coxsvmerion (Horsce Process).

Charge (exclusive of Ore).

Output.
Iron

Basic Iron.

Kg.
36,209 647
R R e
36,2 4,247 kg.
7472 per cent.

Hema-
tite.

! Kg. Kg.
| 4,600 | 120,950

Spiegel-
eisen.

Per cent.
0-25

|

|
Ferro- | Scrap
Silicon.| Iron.

Ferro-

Steel Scrap,
&a.

Charge.

Ingots.

Fur-
_nace
Shifts.

per Ton
Yield of
per cent.

of
Charge.

Sound

8
oHd Ingots.

Kg. Kg | Kg
404,848 | 7,080 | 83,500
| ]

Per cenf. Pr.c:enb.‘PorcenL

084 (002 | 017

Kg.
11,631,695

Per cent.
24-00

0f Charge.

Kg.
48,462,620

Kg.
50,605,965 | 104-42

Kg.
95767 | 8455

Charges

1,711 | 2

Sound Ingots,
Charges
per
Fur-
nace
Shift.

Per
Charge.

odreng
[8298 pavH

Per Day.

‘02 ‘ 11

Consumption of

Per®
1,000 Kg.
Sound
Ingot.

Coke,

White lime,
Producer coal,
Basic material,
Boiler brick;
Firebrick,
Dinas brick, :
Welding-furnace brick, .
Flue brick,
Magnesite brick,
Chamber brick,
Ladle lining,
Fine sand,

Ore and rolling mill scale,

2176
30
94 0

11,010,565
177,060

| 4,749,275
| 12,550,672
1,951,920
858

506

SO

.

270,582
46,089

S e o
ceddods 5 &

Slag produced in lst
Period, and ground
to Phosphate Meal.

6,376 ¢ with 20 to 25

cent.

= 126 kg, per ton

per

of ingots.

Slag from 2nd Period,
used in Blast Fur-

naces,

7,439t = 147 kg. per
ton of ingots.

P, 0s

Analysis.—

traces Si;

Per cent.
Ca0 4191
P.0; 2493

Per cent.
463
476

Fe
Mn

Per cent.
Ca0 40-:3
P-,205 747

Per cent.
Fe 14:10
Mn 854

Rolling Mill Scale.
Per cent.
72:34

Molten Basie Tron from Mixer —
3-20 per cent. C; 1°82 per cent. P; 105 per cent. Mn ;
041 per cent. Si; 0 084 per cent. S.
Metal at End of 1st Period—
195 per cent. C; 0°15 per cent. P;
0°07 per cent. S.
Slag from lst Period—

8i0,
Al Oy

Slag from 2nd Period—

Si0,
Al,0;
Mild Steel—
007 per cent. C; 002 per cent. P; 0°'44 per cent. Mn ;
0:055 per cent, S.
Composition of Ore used—

Spathfe Ore,
Per cent.
47-18
821 0
0-06 1-¢ 0

036 per cent. Mn ;

Per cent.
Mg0 720
S 0-36

Per cent,
1100
210

Per cent.
MgO 7:50
S 044

Per cent.
13°20
2-99

Swedish Ore.
Per cent.

637

Minette,
Per cent.
34°98
028

70

TABLE XXXVIII. —Carmiosr CrANGES 18 CHARGE 4,850 (HuBERTUSHUTTE).

Bample
taken
~at
o'clock.

Analysis of Metal, per cent.

Analysis of Slag, per cent.

C.

P

P. ‘ Si.

Si0,. \
| i 7I

Ca0.

FeO. ‘ MnoO.

P20;.

Charges and Adjuncts,

Remarks.

12.45

5.15
5.45
6.0

6.20
7.0

7.15
7.30

Table xxxviii. shows the chemical changes during the working of very
furnaces are of 20- and 25.ton capacity.
held, and is frequently reduced and passes back into the metal during th
and the average, with charge containing | per cent, or less of Silicon, &%

5 -4
234
1-94
176
1:68
1°17
1'14
0:82
0-71
061
0375
0-090
0-084
0-087

0-038
0046
0046
0-054
0061
0084
0154
0199
0261
0307
0192
0253
0-261
0269
0499

0:050 | 0°500
0 035 | 0050

0:030
0 030
0028
0026
0-026
0030
0026
0034
0028
0-028
0°040
0-036
0-030
0038
0:042

20-99
20 98
0:027 | 0031
0:020 | 0-042
0040 | 0065
0044 | 0-033
0065 | 0053
0-094 | 0-035
0140 | 0017
0-138 | 0:015
0-051

0-031
0019 ‘ 0:015
0:059 | 0°010
0035 | 0020
0-067 | 0°004

56
.37
17
29

san

Not t.ieute(l.

;3:;-“
30"
24
1902
15:¢
11-1¢
957

744

l 11-46
| 990
10°57

| 1034
945

i

10'86 | 7-33

| 11:00 | 7:30

‘96
59
‘81
95
40
21

11-99 | 6
1168
11-91
12-24
12:19
11-80

w3 =1 =] ~J =3

1043
967 [ 54
9-28
8-38
795
924 | 5°

22,400 kg, pig (3:6]1 per cent.
C, 2:32 per cent Mn, 189
per 1t. 8i, 0°044 per cent.
S, 067 per cent. P).

4,700 kg. Swedish magnetic
ironstone.

900 kg. South Russian ore.

Adjuncts ;

¢ Lime, 3 to 4 per cent. .

Russian ore.

400 kg. South ]

400 kg. South Russian ore.
160 kg. Ferro-Manganese.

Furnace charged.

Bath hot and boiling,
frothing

33 23

commences, |

Bath hot and frothing.
Bath frothing, but cooler.

5 i cold.

Bath cold ; frothing subsides,
Bath grows hotter and boils.

33 3y

Bath is hot and boils,

3]
2y 3y
2 LT

Sample is sufficiently mild.

Furnace tapped.

It will be noticed that the slag

e working of the ch
hours.

silicious molten blast-furnace metal charges at
is very silicious, and consequently the Phosphoric Acid is not strongly
arge. The time of working such charge is 6§ hours,

Hubertushiitte. The
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