METALLURGY OF STEEL.

ANALYSES OF REFRACTORY MATERIALS USED FOR BESSEMER
CONVERTERS AND SIEMENS FURNACES,

Acid or Silicious Materials.

Materials Suitable for Lining Converters.

GANISTER. | SILICA BRICUKS,
|

|

‘ Made from|

| Ganister,
4.

Silica, . . 60| 9520 | Silica, . . 9480 | 9670 | 9401
Alumina, . ) : 059 | Alumina, . 1'40| 160| 276
Oxide of iron, . 074 || Ferric Oxide, 1:10| 065| 055
Lime, . 5 ! 3 0+40 || Ferrous Oxide, nil | nil nil
Magnesia, . * 0°16 | Lime, . : 190| 061| 236
Alkalies, . / 0°18 | Magnesia, : 0-12
Water, i : 270 || Titanic Oxide, 0:60| ...
5 | Alkalies, . 4 0-19‘ 020| 018

99°60 9997 10029 | 99-99 ‘ 9976 | 99:08

‘When Silica bricks are used they are frequently jointed with fine ganister,
or finely-ground Silica stone, similar in composition to any of the bricks
given above.

Materials for Siemens Furnaces.—For the walls, ports, and roofs
of Siemens furnaces any of the Silica bricks given above would be suitable
as far as the analysis is concerned, all being sufficiently infusible, and they
would be set in finely-ground Silica cement containing about 95 per cent.
of Silica.

Other questions, however, than those of infusibility, such as contraction
and expansion, are very important in determining the selection of a brick
for any particular purpose. Thus, although the walls and roof of a Siemens
furnace would be built of bricks of similar composition, the texture or
fineness of structure of brick selected is often different, coarse-grained
bricks being found to give the best results for roofs subject to considerable
variation in temperature, and the consequent alternate contraction and ex-
pansion. One of the best known bricks used for furnace roofs is the
Dinas brick made from the Dinas rock in South Wales. The rock is
generally mixed with about 1 per cent. of lime to act as a binding material
when made into bricks, which are usually eoarse-grained, the rock being
only coarsely ground before moulding. The following is a typical analysis:—

Siliea, 3 . € : . : : : . 96:80
Alumina, . . . . 2 = % . 5 092
ForricOxide;, . . PSR e A B9 S

Lime, . i . - % : . s : 120
Alkalies, . ; 2 . > g : . 020

99-62
The Alkalies in all kinds of Silica bricks should be as low as possible,
preferably not exceeding 0'5 per cent.
For the regenerators Stourbridge or similar fire-bricks are employed.

STEEL EMPLOYED.

Basic Materials.

|
DOLOMITE, CALOINED DOLOMITE. ||  MAGNESITE. % | CHROME ORE.

Silica, . | 1'10| 090 (| Silica, . | 366| 2:50| Silica, . Silica, .

Oxide of Oxide of Oxide of | Ferrons

Iron and | 1'64| 1:30 ||Iron and | 4'80 {Iron and Oxide, |

Alumina, Alumina, | | | Alumina, Alumina,

Lime, . (33-20( 31-00 || Lime, . |55°:50 Lime, . Lime,

gla. esia, [ 19'60 | 2060 | Magnesia, | 3483 | Magnesia, Magnesia,
arbonic ; + .0y || Lioss on : = Carbonic Chromie
Acid, . |4‘4 | 4600 | ignitiou,} A | Acid, } Osxide, }

e {
19984 (100°14 i

CHAPTER IX.
THE PRODUCTION OF STEEL CASTINGS.

Tar production of steel castings is so essentially one of those arts which
can, be acquired only by long experience, and involves a knowledge of so
many little details which are of the greatest importance, that it is impossible
to do more than give a very general description and draw attention to some
of the more important points which are necessary to success.

In addition to preparing metal of the right composition and casting at
the right temperature, two all-important points, the composition of the

- mould, the method of moulding, disposition of the feeding heads, and means

of overcoming excessive local strains in contraction, have all to be anticipated
and met to secure a satisfactory result. When it is remembered that many
of these points vary with different castings according to their weight,
strength required, their complexity or the reverse, it will be seen how
impossible it is to lay down any very definite rules, and that each case must
be left largely to the judgment of the individual responsible.

_ Steel Employed.—Castings are made from open hearth furnaces, both
acid and basic, but generally the former, and from small tipping converters
fike the Robert, Walrand, and others, or from crucibles, and excellent results
can be obtained with all these processes; the electric furnace is also being
used with very good results. For the general purposes of a steel foundry when
castings of varying sizes are required, a small open hearth furnace is found
to give the best results for all-round work, as greater control over both the
gomposition and casting temperature can be exercised. The essential thing
in all steel castings is to obtain solid castings free from blowholes, and for this
Purpose it is most important to get a “ dead melt "—that is to say, to finish
With a good, thick, clean, non-oxidising slag. If the finishing slag contains
muc_h free Oxide the metal will be over-oxidised, with the result that the
tasting will be spongy. The slag must at the same time be fluid, so that it

068 not get entangled with the metal, and carried into the casting, and so
tause serious defects, and a little ground Fluorspar added to the metal in
the ladle is found to give good results in clearing the metal. The tempera-
ture of casting is a most important matter, and will vary to some exfent
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with the size of the casting, hotter metal being necessary for small intricato

eastings than for large, heavy, thick ones. On the one hand, the metal must
not be too hot, or this will cause piping and unsoundness, owing to large
and unequal contraction ; and, on the other hand, if the temperature be too
low, the surfaces of the castings will be defective, and there iz a danger of
the moulds not filling completely, owing to insufficient fluidity. Experience
has shown that, provided the metal be sufficiently fluid, it is better to keep
the temperature too low rather than too high, and this is one reason why
Aluminium gives such good results in steel castings, as by removing Oxides
and so facilitating the flow of metal from the ladle, it enables the steel to be
cast at a slightly lower temperature and at the same time insures a good
surface on the castings, -

It is desirable always to retain a little Silicon and also some
Manganese in the bhath of metal to prevent over-oxidation, and a
little Silico-spiegel and Silicon pig added towards the end of the oper-

_ation, when the greater part of the impurities have been removed, are
beneficial ; this addition of Silico-spiegel or Silicon pig tends also
to insure sound castings, although it is not so largely used as it was
before the introduction of Aluminium, which has, to some extent,
replaced it.

The exact way in which Silicon and Manganese act is not thoroughly
understood, but there is little doubt considerable portions of the Silicon and
Manganese are oxidised to Silica and Oxide of Manganese by some of the
oxidiging gases present, and, by removing these gases, prevent blowholes,
This, however, is only a partial explanation. The action of Aluminium is
undoubtedly a reducing one, and the increased fluidity of the metal is in all
probability due to the removal of Oxides of Iron. There are strong reasons
for believing that Silicon, Manganese, and Aluminium also increase the

~ solvent power of the steel for gases, and thus prevent the dissolved gases

being liberated on the steel cooling.
It is important that neither too much Silicon nor Manganese should be

added, as the finished casting generally should not contain more than 0:25

per cent. Silicon and about 0-8 per eent. Manganese, and in no case should '

it exceed 065 and 12 per cent. respectively.

Aluminium, too, must be added cautiously, especially when making
high COarbon castings, as a very small quantity, a few ounces to the ton
of metal, ig all that is required to produce soundness, and if added in teo
large quantities, especially to high Carbon steel, it seems to have the curious
effect of causing irregular segregation of impurities in the metal, and piping
of the ingots. The influence of large quantities of Aluminium on high
Carbon steel is a very important question, which has never been completely
investigated.

The percentage of Uarbon in steel for castings will vary within wide
limits from 0-20 to 0-80, or 0-:90 per cent., but the great bulk of steel castings
contain less than 050 per cent. of Carbon, probably about 0-35 per cent.

Phosphorus and Sulphur, although probably not quite so harmful as in
structural material, should not exceed 0'06 per cent. each, or, at the outside,
008 per cent., and there should be no difficulty in working to these limits:
as it simply means selecting high-class pig-iron and serap. If Sulphur be
present to any extent, the castings are very liable to tear during cooling in
the moulds, and wasters greatly increase. The proportion of scrap and pig

in a casting charge will vary with the grade of steel required, but within =

reasonable limits any amount of serap can be used, and in some cases a8
much as 80 per cent. of the charge, when no ore is added. In most steel
foundries the scrap from heads, gits, and wasters is sufficient for the require:
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“GREEN SAND” MOULDS, 235

ments, and is much to be preferred to using outside serap of more or less

unknown composition, although when heavy scrap charges are regularly
-employed, the foundry scrap will usually have to be supplemented from out-

side sources. The following table gives a few typical analyses of some steel
castings, with the maximum stress, elongation, and reduction of areg »—

TABLE LIV.—SteenL CAstives,

| | I
Description of | Sulphur ‘ Maximum | Elongati
y 4 Lo L airs | A gauion
Casting. :(,m:imn. Silicon.| Manganese.| and | Stress jp{*r cenm, on| Bend Test,
| ‘ I’hosphorus.! - persgq.in. | 2inches. |
| |

0'576 : 99-6 166,300 37 %%";?E:
0630 (338 (75,500 23 80 a.b,
296 iGG,BO{) L 94 120 a.b.
) ity T .4 |892187,980| 24 85
| 420 \ 94,100 14 40
) 410 (92,000] 18 64
0594 30'3 67,900 29 | 100 a.b.

‘ [Tons.| Lbs, |
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, Description of Moulds.—The preparation of the moulds is a most
important factor in the manufacture of good castings, and they are divided
into two classes, known as “ green sand” and « dry sand,” the former being
generally used for the lighter castings, and the latter for medium and

" heavier castings.

“Green Sand” Moulds.—Thisis a generic term for moulds which are
0ot “baked” or dried previously to receiving the molten steel. They are
usually made for the lighter class of castings requiring little finish or smooth
surface, such as cast steel wheels for colliery waggons, pedestals or “bearings,”
barrow wheels, &c. The sand of which these moulds are made is G[‘diﬂ?{r)y
foundry floor sand, which has been strengthened by an addition of & loam
sand, and passed through a mixing and grinding mill. Sometimes a small
Proportion of coal dust is incorporated with this sand, and in “workine up”
‘n:hls sand for certain work, small quantities of either beer-dregs or me;fasses
are added. As, however, the sand is “worked” or made u; according as
the class of work to be moulded varies, there can be noshard and fast ?uIe

* laid down, and most foundry foremen have their own ideas as to the best

Mixture for any particular work,

== The composition of the added loam sand approximates to the following

analyses :—

5i0, ALO, .0

9250 per cent. 456 per cent. 2‘14E|1)85?ge;1t. 060 Se%(c)eut. 0-32%.%2,311&
Grgen sand moulds are made either by hand ramming or machine
Moulding, and where repetition work for large quantities ‘of castings is
required, the latter process, of course, shows considerable economy inccost
of produc_tmn over the former, and invariably better work is produced, as
Fhe sand 1s more evenly and regularly consolidated round the pattern, ;nd
the machine admits of a true “draw” of pattern from the sand. thus

Sh8uring a cleaner and “ sharper” definition in the mould, :
In addition to the mould proper, the “cores” are of great importance ;
of course, are the various shaped pieces or blocks of sand which are
the moulds to ““cut out” or displace metal, as in the case of the hole in

16
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a wheel boss. These are usually made of sand similar to the mould, and
must be “vented” toallow of the free escape of gas from the mould to the
outside when casting. These cores are invariably dried or baked, even for
green sand moulds.  After the pattern is drawn from a “ green sand mould,
and the mould *cored,” it is ready to receive the metal—that is to say,
no “paint” or black-lead is put on the surface of this class of mould, as
in the case of “dry sand” moulds. . 5

“Dry Sand” Moulds.—This is a term given to moulds usually made
of sand with a more or less thick facing of moulders’ “facing composition,
and used for a heavier and more important class of castings where it 18
desirable to have a smooth, clean “skin” or surface: = :

The following analysis represents a steel moulding composition for this
class of work :—

Loss on calcination  Si0, Al:0; Fe;0; Ca0 MgO K.0 Na:0
484 per cent, 59-81 2516 542 114 075 3:00 = 100-12

This composition may be made up by grinding and mixing together
ganister stone, silica bricks, fire-bricks, old plumbago crucibles, and small
uantities of coke.
¢ In preparing the mould a layer of sand is s_prgad out on the bottom of
the “box,” and carefully smoothed over., This is then covered with a layer
of moulders’ “composition,” varying according to ‘t.he size of the casting, to', sayi.
1-inch or more in depth. On this the pattern is now placed, and a layer od
“composition ” spread over it, sand sifte(.l over this, and the whole ramme ;
to the pattern. The pattern is then withdrawn from the mould, both o
them being always made in two or more pieces, and the face of the latter i8
coated with black lead wash, Silica paint, or with a mixture of both. The
moulds are then “stoved”—i.e., placed in drying stoves—where they are
heated very gradually, otherwise they are liable to split or 'crack owing to
the too rapid escape of steam or to the too sudden expansion of the ma.s;
of sand. The time necessary for drying any particular mould must depen
upon its size, thickness, and shape; but it is of the greatest importance
to make quite sure that the mould is absolutely dry before the metal i8
run into it, otherwise serious defects will probably appear in the castmg%
and there is also a danger of accidents from the metal being blown out o
the mould by a sudden generation of steam. o g

On removing the dried mould from the stove, it is us'ual to coat the
gurface with coal tar or black lead, and either to put it back in the stove for
a short time or to rely upon the initial heat of the hot mould to dry this
wat’i‘i% “venting” of moulds and cores, the disposition and sizes of the
feeding heads, the position of the runners, the anticipating and dealing
with contraction, local strains, &e., &e., are all points of the grea._tesl'r
importance, to which in steel foundry practice attention bas to be given
to a considerably greater extent than in iron foundry work. .

Internal Stresses in Castings.—One of the greatest difficulties the
steel founder has to overcome is that of fracture of the casting, due %0
“ shrinkage ” or internal stresses caused by contraction of the metal in pass-
ing from the liquid to the solid state during cooling down.

Steel founders have.endeavoured to overcome this trouble in a variety of

ways, such as liberating the sand of the mould from some parts of the cast;}ng
as soon after pouring as possible, removing the core so as to allow of rf;g-
contraction, comparatively quick cooling of the hgavy' parts in relation -
the lighter parts, and also by a system of ““tying thlc}; and thin pa,ri;:.:s
the casting by either brackets of metal or “dogs”—i.e., bent iron ba&

ANNEALING THE CASTINGS. 237

cast in locally to form (ies. The amount of shrinkage varies with the
composition and lLeat of the metal; the softer and hotter the metal the
greater is the shrinkage; but as smoother castings are obtained from hot
metal, it is better in many cases, where this is of special importance, to cast
hot and allow for shrinkage.

Shrinkage varies from 15 to 18 per cent. or even 2 per cent., according to
the composition and heat of the metal—say, equal to about 5 inch to the
foot.

Annealing the Castings.—Castings of Very hard steel have a ten-
dency to crack (or “fly”) when cooling ; but this tendency can to a greab
extent be counteracted by efficient annealing, which removes, or, to a great
extent, reduces, the initial stresses set up in the metal while passing from
the liquid to the solid state in the mould, and thus toughens the casting.
The regular and gradual heating of castings during annealing, and the tem-
perature of annealing, are very important questions which are now receiving
considerable attention at the hands of steel founders ; and in many works,
especially where very large and costly castings are made, recording pyro-
meters are attached to the furnaces, so that any irregularity in the working
of the furnace, whether from negligence on the part of the workmen or other
causes, is at once discovered. The temperature usually employed is about
900 C. for low Carbon castings, and somewhat less (about 800° to 850%) for
castings containing above *50 per cent. Oarbon ; but.the annealing tempera-
ture which produces ,the greatest strength, combined with duetility, in
castings containing different percentages of Carbon, has not_ been fully
threshed out, and is being investigated by several metallurgists, In a
paper “On the Properties of Steel Castings,” read before the Iron and Steel

- Inst.,, Prof. Arnold * gives the results of heating his experimental bars of

pure Carbon steels for 70 hours at a temperature of 950° C., with slow
cooling for another 100 hours, this temperature being selected because
Prof. Arnold has found it is frequently reached in works' practice. The
results are given in Table lv.,, and are of interest as forming the basis
for ' complete series of researches, but are not comparable with results
obtained from commercial steels.

The time of heating and of cooling will largely vary with the weight and
the shape of the casting, and one great difficulty in annealing castings is to
anneal the different parts equally, as sometimes it takes many hours to heat
the body of the casting through, and all this time the lighter parts are
exposed to a long soaking.

The general effect of annealing castings is similar, only more marked,
to that produced on annealing rolled or forged steel—viz., a removal of
internal stresses, accompanied with increase in elongation and contraction
of area, and decrease in maximum stress; in other words, the casting is
toughened. Unannealed castings are nearly always more or less brittle
When subjected to shock, and annealing” very largely removes this
brittleness.

The few examples in Table 1vi. show the effect of annealing and also of
oll tempering on castings or forgings containing different percentages of
Carbon, and may be taken as fairly representative. '

* Iron and Steel Inst. Jowrn., 1901, vol. i,




TABLE LV.—FPror. ArNoLD’s RESULTS ON ANNEALING SMALL Troy aND Carpon CASTINGS MOULDED IXN
Dry CoMPOSITION
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ANALYSIS. S,
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MAREK. PROCESS. Specific | Bending Compression
Gravity. | Elastic | Maximum | FElonga- Ginch - | . percent, :

TLimit, Stress. | tion per | Reduced | goging | a&100 Tons REMARKS.

Tons per [ Tons per cent. Ares. per sq. in.
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TABLE LVI.—Errect oF ANNEALING,

Unannealed. Annealed.

Tensile Strength or Maximum Elongation Tensile Strength or Maximum Elongation i /- CHAPTER X,

Stress per sq. inch, A i Stress. per ceut.
THE PRODUCTION OF SHEAR AND CRUCIBLE STEEL.
Tons. Lbs. Tons, Lbs

on 2 inches. on 2 inches.

30°68 68,780 : 3000 67,220 3140 The Cementation Process.—Notwithstanding the immense develop-

3818 85,300 : 36:70 82,220 2180 E ment, in recent years, of the Bessemer and Siemens processes, special

4023 90,100 23 47-50% 160,480 9°80 varieties of high Carbon steel continue to be made from what are known as
- “cement bars,” by the converting or cementation process, which has so long

been practised in the Sheffield district, and according as these carburised

bars are piled and welded together, or fused in crucibles and cast into

moulds, they are respectively known as shear or crucible cast steel.

Unannealed. Annealed,

Bilicon. | Manganese, Tensile Strength

‘ Elongation/Reduction Elonga- | g quction
Der sq. in. ot

Viies pins Tensile Strength | tion
1orlib" inches ber sq. in. {per cent,
el |on 2 ins.

N

\

Area,

Per cent. | Per cent. | - Per cent. Tons. Lbs. 3 . | Tons, Lbs. Per cent.
0-30 022 ! 336 75,220 16 26 310 | 69,500 24 43 8
050 040 0't6 444 99,500 i 440 | 99,520 12 16°8

I
ey,

o

The following figures show the effects of “annealing” and * hardenineg ”
LS o =}
and “tempering 7 :—

Annealed. Hardened and Tempered.

Tt‘ﬂﬁilel | Eastic Elt?gga‘
Strength | Limit ‘
per sq. in. per sq. in, |pe1 vent. ),

Elonga-

Tensile Elastic tion

Strength Limit
per sq. in, per 8q. in.

per cent.

‘ on 2 ins. on 2 ins.

| !
Per | Per | Per | Per \ | | | {
cent, | cent. |cent.| cent. | Tons,' Lbs. |Tons.| Lbs. Tons.! Lbs, |Tons.! TLbs. |
252 019 038 99-35| 34-4 '77,080{176 [39,500| 27 489 1109,560:29°06) 65,090, 165

‘216|023 | trace i90'30 349 178,180 19‘26i43,100 55 | 4946 (111,10081°1 | 69,700' 170

|
|
3

The first five results were obtained on castings and the last two on
samples taken from a forged gun-jacket, hardened by quenching in oil at
about 820° and re-heated to 650°. Annealing, especially in the case of high
Carbon castings, does not seem to appreciably lower the maximum strength,
although it decreases the elastic limit, and it largely increases both the
elongation and the reduction of area.

* This is an abnormal result, although a slight increase in the maximum stress on
annealing is not very uncommon,

The cementation process depends upon the well-known fact that iron,
when heated with exclusion of air in contact with Carbon, absorbs that
element in varying proportions which depend upon the time the operation
lasts, and the temperature at which it is conducted.

Figs. 183 and 184 give transverse and longitudinal sections of an ordinary
Lementation furnace, in which wrought-iron bars are heated, in contact with
Carbon, for varying periods according to the degree of carburisation required.




