METALLURGY OF STEEL.

divect from a scale attached. The details of the instrument as supplied
commercially have been worked out with the greatest care and ingenuity,
but space does not permit of a description of these, as this could be given
only with a series of diagrams. Full particulars can, however, be obtained
from Messrs. J. Wild & Co., Middlesbrough. One great advantage of the
pyrometer is that it has an automatic recorder, seven hours of which are
always in view, so that all variations for this period can be seen at 9:,~glaa.11(‘.t'sé
It is especially adapted for recording the temperature of hot gaseai) or o
large heated chambers, such as annealing furnaces, and a large number are

in use both in Europe and in America.

MICROSCOPIC EXAMINATION.

CHAPTER XIX.
MICROSCOPICAL EXAMINATION OF STEEL.

Tae study ol the microstructure of steel originated with Dr. Sorby of
Sheffield many years ago, but for a considerable time after the publication of
his first paper little attention was given to this method of research in this
country, although substantial progress was made in Germany by Professor
Martens. It is only during the last twenty years or so that British metal-
lurgists have given the subject serious consideration, but during that time it
has been extensively studied and progress has been very rapid, so that now
the microscopic examination of iron and steel alloys is not only largely
carried out in all laboratories devoted to scientific research, but has become
an essential part of the work of many of the chemical laboratories connected
with our leading steel works.

Microscopic examination not only aids in the determination of the
soundness of a steel and the detection of mechanical defects, but also throws
much light on its internal constitution and the heat treatment to which it
has been subjected, and it is in the latter relation that the greatest assistance
may be anticipated from the use of the miceroscope.

The term “microscopic metallography ” has been assigned to the method
of microscopical examination of metals in general.

Preparation of Samples.—In order to examine the structure of metals
microscopically it is necessary first of all to polish a small section until it is
as fres as possible from even the most minute scratches.

The details of the methods employed vary with different investigators,
but in general principles they are alike, and consist of first filing the sample
as dead true as possible, then grinding on an emery wheel, and polishing,
either by hand or on revolving wheels covered with emery paper of different
degrees of fineness, and finally buffing up on a cloth, kidskin, or similar dise
with some fine polishing powder. The details of the methods used by Sorby,
Osmond, Roberts-Austen, Arnold, Martens, Stead, Ewing and Rosenhain, Le
Chatelier, and Sauveur respectively are given below, and it is most desirable
that the student should try the different methods, and adopt the one which
}: (ilinds gives the best results for the particular material with which he has

eal.

Sorby’s Method.—Dr. Sorby used small slices, about % of an inch
(26 mm.) in thickness, and by filing, and grinding on an emery wheel
obtained as true a surface as possible. The section was then fixed on a glass

late with a little Canada balsam and the surface further ground by rubbing
kwards and forwards on, first coarse, and afterwards finer grades of
emery paper fixed on a glass support. Before polishing, the surface of the
sample was ground on fine-grained Water-of-Ayr stone, which removes all the
Scratches left by the emery. The final polishing was then effected by rubbing
the sample with some crocus powder and afterwards with the finest levigated
rouge on a wet cloth stretched over a flat piece of wood, which was kept
moist by adding a few drops of wateroccasionally during the time of rubbing.

It sometimes happens that the sample contains some portions softer than
others, and this method causes the surface to be worn away unequilly. In
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cases where it was desirable to have all the constitnents of the polished
surface on precisely the same level and the specimen not rounded at the
edges, Dr. Sorby performed the final polishing with dry rouge on a sheet of
parchment stretched over a glass plate ; some of Dr. Sorby’s most beautiful
specimens were polished dry and not etched by acid, &c. By thedry method
some of the constituents are left quite bright and metallic, whilst others
assume a blue appearance,

Osmond’s Method.—Osmond pointed out that it is very important that
the sample should be cut cold and not in any way distorted.  He followed
very closely the original method of Sorby, but used a machine for the final
polishing, and did not fix the specimens to a support. but simply held them
between his fingers. In the final polishing he used a method of “ Polish
attack,” which consisted in rubbing the sample on a sheet of parchment
covered with precipitated Calcium Sulphate moistened with an infusion of
liquorice, by which means some constituents of the steel were coloured. The
liquorice infusion, however, does not keep very long, and attacks the sample
unequally when a day or two old. In the Meiallographist for January, 1900,
Osmond recommended the use of a 2 per cent. solution of Ammonium Nitrate
as far preferable to the liquorice solution. When he required a polished
anetched surface he finiched either on cloth or kidskin with some fine polishing

owder.

Roberts-Austen’s Method.—The method used by the late Sir Wm.
Roberts-Austen is almost identical with Osmond’s, each sample, after filing
and grinding, being polished on emery paper of different grades fixed on
wooden discs which are revolved at very high speeds by a motor. The final
polishing may be completed either by the ¢ Polish attack ” of Osmond, or by
a disc covered with cloth or kidskin, and by using the finest rouge or similar

owder.
; Arnold’s Method.—The following are the details of the method
employed by Prof. Arnold as communicated to Mr. Stead¥ :—

The sections employed-are 4 inch in diameter and & inch thick,
Before leaving the machine shop they are finished with a dead smooth file,
and the file marks are removed by rubbing on a piece of the finest emery
cloth, lightly stretched on a hard-wood board. The remaining operations
are carried out on materials stretched by means of rings on machined
circular tapered cast-iron blocks.

On No. 1 block is the finest emery cloth from which the coarser grains
have been removed by rubbing, first with a marble slab, and secondly, with
a piece of smooth hard steel about 1 inch diameter by 4 inch thick. On No.
9 block is stretched thick black unribbed cloth, charged with oil and the
finest emery knife polish. On No. 3 block is a piece of the finest wash
leather slightly charged, dry, with the best jeweller's rouge. The average
times occupied in each stage are as follows :—On emery cloth five minutes,
and on Nos. 1, 2, and 3 blocks about ten minutes each, The plan of rubbing
off the coarser grains of emery from the commercial papers Mr. Stead finds
is excellent, and does away with the necessity of personally preparing fine
emery papers, and the author’s experience fully confirms this.

Martens’ Method.—In the case of steel, the samples are cut aboub
9 to b mm. thick with a saw or file, but for brittle iron and spiegeleisen it
is necessary to chip a piece off with a chisel, and then grind it flat on &
grindstone or emery wheel. Martens often polishes a large number of

specimens ab the same time by cemepting them in a circle on a plate of
glass. For this purpose he uses a cement made by melting together equal

parts of beeswax and resin.
* Iron and Steel Inst, Journ,, 1894, vol. i., p. 396.
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The plate to which the specimens are attached is then i
the Isurfaces of the samples are turned until all are of exactg;tt;l?a :al;l?févﬁlld
o c{li 1:;.6 case of very hard or brittle samples the levelling must be done by
For the preliminary polishing he uses emery (Corundum
sand, and oilstone, and for the fine polishing, %efrd, and sofg,, ggili:l?i(::ivq;glrb:,
All his grinding and polishing powders are very carefully levigated bef({)gre;
use; in fact, he gives this as a sine qua non for successful work, and recom-
.menEc‘ls that gr{.ch %pe;ra.lt;or should prepare his own powders. ,
or grinding beds he uses plates of glass, cast iron, cop

for polishing beds plates of glass or pitgh, a;1d s.m:ueti:nes;I Egir';: ?bi‘zi;eiﬁéi?r;:
india-rubber, leatl_ler, or cloth. The beds are selected according to t’ha hard-
ness of the material to be polished. He states that the pitch beds are best
prepared by melting soft pitch, with the addition of a small quantity of
resin, and pouring the mixture on to plates of glass. He finds that the time
necessary for preparation by this method varies with circumstances and the
:x;}_}gl;llencel 'Ofil nlée op?ratolx;, ab f}‘rst several days may be necessary to obtain

ingle polished surface, but, after a i racti
to do may be a.ccomp]ish’ed in a few hlgfll:‘es.plamwe, bt

. Ste?].d’s Method.—Stead prefers to have the sections cut about § or
3 inch in diameter and about 4 inch thick, and filed as smooth as possible
with a dead smooth-file. The section is then rubbed on emery };. er of
the grade known as No. 0 English, and then successively on Nof % 00
and 000 French paper until all bat the very finest scratches are Iie;mo,ved,
Polishing is then finished on wet cloth with diamantine powder, and finall :
on chamois leather with fine washed jeweller's rouge. This treatment viveys
results which are quite sufficient for all ordina‘r} work, but for the ver
finest work under high powers the final polishing is done on wet parchmen{
or kid skin with rouge. Stead* has designed a machine for polishing
micro sections, sketches of which are given (figs. 266 and 267) A?; first he
did the whole of his polishing on this machine, but latterly the rubbing on
the first three grades of emery paper has been effected by hand, usin gthe
E:]};eihstrftche((li or glued to blocks of wood about 5 inches sq’ua.re. gThe
- t% : is;acﬁti*:&e of paper and the cloth and chamois leather he still uses

S _ = LS
- theez’i{lezs;iilii ;T}%tgles from 10 to 15 minutes for an average sample
: hMore recently Stead has designed another machine which can be driven
e? er by hand or power, in which the specimens are held in movable
elips over the polishing bed, and can be transferred in the clips to the
microscope stand for examination, and, if any further polishing is npecessar
can be again placed on the polishing machine, As the sp?:cimen is ng;:
removed from the clips during exawmination it can be refixed in the polishin
machine without altering the relative position of the surfaces}) ofb th%
Specimen and the polishing dise, and so ensures the polishing bei
contmu_ed in the same plane. ; -
lpeggégg‘ona?d' Rose‘nham’s Methods.t—These operators rub the
o axt'llous grades of commercial emery paper from which the
o ate?al cles have previously been removed by rubbing with a piece of
o as s}uggestgd by Arnold. The specimens are then finished on
.“tg fy revolving dise, covered with fine wash leather, charged with a thin
Paste of rouge and water. The rouge used for the finest work is speciall
prepared by precipitation from a solution of pure Ferric Chloride. PIt:aéhy;

* Iron and Steel Inst. Journ., 1894, vol. i. 305
+ Phal. Trans. Koy, Soc., Londun,’vnl. cxé:ili)i., p?l353_
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case of samples easily tarnished wet polishing is avoided, and either the
rouge is used dry or it is moistened with paraffin on the wash leather.
Mons. H. Le Chatelier has made some very important investigations
on the best methods of preparing the polishing powders, as upon this, he
considers, largely depends the success of the subsequent polishing opera-
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tions, and also the length of time occupied. He also adapted Schloesing's
method for the analysis of Kaolin to the washing and clasmﬁcatlor} of the
various materials used. The following description of the method is taken
from Le Chatelier’s paper in the Metallographist* :— _ ]
« Mr. Schloesing treats the powders which he desires to classify with
water containing 1 part of Nitric Acid in 1,000 parts of water, in order to
* Metallographist, vol. iv., No. 1.
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dissolve the Carbonate and Sulphate of Lime and other salts which might
be present. After standing a few hours, with occasional stirring, the mix-
ture is allowed to settle. The powder falls rapidly to the bottom, and the
clear liquid above it can be easily decanted. This liquid is now replaced by
distilled water, and the mixture stirred ; it is then again allowed to settle,
and decanted, After a few similar operations, when all the acid has been
removed, the settling takes place more slowly, and the liquid remains milky.
The conditions are now favourable to proceed with the levigation, and the
operation is further facilitated by adding 2 cubic centimetres of Am-
monia to each litre of water, as it helps the suspension of the finest

- -particles. Decantation is now resorted to, at stated intervals, by means of

a syphon having a hook at its extremity, so as to avoid disturbing the
portions which have settled.

“ By treating 10 grains of powder in a 1-litre flask, nine-tenths of the
liquid may be syphoned off without fear of disturbing the deposit.

“ The decantations are made at the following intervals—fifteen minutes,
one hour, four hours, twenty-four hours, and eight days.

“The deposit left after the first decantation contains all the coarse grains
unsuitable for polishing. The second deposit, resulting from the first
decantation, after one howr’s settling, yields a substance which is not yet
very homogeneous, but which may serve to start the polishing. The third
deposit constitutes a good polishing powder for hard metals. Tt is,
however, the deposit collected between the first and eighth day which
constitutes true polishing powder. Instead of waiting eight days for
the formation of the last deposit, it may be precipitated immediately after
the removal of the ‘ twenty-four hours’ powder by adding some Acetic Acid
to saturate the Ammonia. The powder, still remaining in suspension, is
then deposited after a few hours. The only objection is that some very
fine particles, which would have remained suspended after eight days, are
also precipitated.

“Once prepared, the powders must be carefully kept and contamination
by any foreign matter avoided.

“A method which has given me very good results consists in converting
them into a paste by mixing with soap. To do this, a piece of very dry
Oastile soap should be shaved by means of a very clean knife, The flakes
of soap thus obtained are added to the polishing powder, when the latter is
still wet, in the proportion of 1 part of dry soap to 10 parts of the wet
powder. The mixture is melted in a water-bath, and allowed to cool,
stirring all the while, until the mass begins to thicken ; it is then poured
into tin tubes similar to those used for keeping oil paint. After complete
cooling the tubes are closed, and in this way the paste can be preserved
very conveniently."

Le Chatelier has found that the substances which give the most satis-
factory results are: commercial flour of emery; Oxide of Chromium (prepared
by igniting Ammoninm Bichromate) ; Alumina (obtained by the calcination
of Ammonium Alum); and Oxide of Tron (from the strong ignition of Oxalate
of Tron in the air). Alumina is considered to be very much superior to
the others, both as regards results obtained and the expenditure of time.

Le Ohatelier recommends, as supports for these powders, albumen,
leather, cloth, velvet, and felt.

The method followed by him in polishing his samples is—first, to rab on
commercial emery papers of various grades until all but the finest scratches
are removed. This part of the polishing is done by hand. For the final
Polishing he uses first a disc covered with an emery paper, prepared with
albumen and the washed powder which settles out after the second decan-
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tation. Next, a felv or cloth disc upon which is placed some soap paste
made with Alumina, which settles out between one and four hours ; and
finally, a disc of wood or ebonite to which is glued cloth or velvet covered
with soap paste made from the Alumina deposited after twenty-four hours.
The last three discs are rotated at'as great a speed as possible, and for this
purpose he uses a small machine made by Mons. Grauer, of Paris, worked by
means of a treadle, and having the discs in a vertical position thus avoiding
grit and dust settling on them. The discs have to be kept constantly
moistened, and the sample is rotated in an opposite direction to that of the
disc in order to avoid the rounding of the edges and the tearing open any
small cavities or pits which may exist in the sample. M. Le Ohatelier gives
about five minutes as the time of polishing. He uses various reagents for
etching, and recommends, amongst others, absolute alcohol containing 10
per cent. of gaseous Hydrochloric Acid to which from 1 to 5 per cent. of
Anhydrous Copper Chloride has been added.

Sauveur’s Method.*—Sauveur practically follows the method of Le
Chatelier, except that he uses a paste made of tripoli and Castile soap for
polishing. For general work he considers the treatment with rouge may be
omitted, and altogether the entire polishing operation may consist of only
three treatments. The machine is one of his own design, and carries four
discs, which revolve in a vertical plane. Waterds fed on near the centre,
the rapid revolution of the discs causing it to be distributed over the whole
gurface. The machine is driven by a motor, and one operator can polish twe
samples at the same time. Fora sample } inch square, five or six minutes i8
sufficient for the whole operation.

The author uses a combination of geveral of the above methods. After
sawing cold, the gpecimen, which is usually about ¥ to é inch square and
of snitable thickness, is filed as smooth as possible, and 1s then rubbed by
hand on three grades of emery paper fixed to wooden blocks. For general
work it is then only necessary to oive one further treatment, which is effected
with Alumina soap paste on a revolving cloth disc driven by a motor. For
finer work rouged kidskin is used, when as fine a polish as can be desired i8
obtained in ten to fifteen minutes, according to the size and nature of the
sample. In many cases excellent results have been obtained by Osmond’s
“ Polish attack.”

Development of Structure.—In the great majority of cases before
the sample is examined under the microscope it is advisable, and generally
necessary, to etch the polished surface to develop the structure, and various
reagents have been suggested for this purpose.

Nitrie Acid Etching.—Sorby used dilute nitric acid, and for ordinary
work this gives good results, the strength of the acid being varied to suit the
requirements of the case. Sir William Roberts-Austen for most work used
a 1 per cent. nitric acid solution mn alcohol ; Osmond used a solution of
90 and 2 per cent. respectively of 1'33 specific gravity acid; Arnold res
commends 1 part of mtric acid of 12 specific gravity mn 49 parts of waten
or-1 part acid in 199 parts of water, and for some purposes a still moré
dilute solution. Sauveur etches by immersing the specimen in nitrie acid
of 142 specific gravity for a tew seconds, when the iron assumes the passive
state. It is then well washed under a good stream of water, when &
very slightly and evenly etched surface is obtained, free from the deposit of
Carbon which is formed when dilute acids are used. By repeating the
process any desired depth of etching may be obtained. Campion § also

* Metallographist, vol. iv., No. 4.
4 West Scot. Iron and Steel Inst. Journ., vol. vii.,, No. 2, 1899.
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;:r‘?‘;:gg!i{r :e:z;n:lllz:nérls this method of etching, and the author has also found
o i n il"t'eesult.ns. Whe_n nitric acid, either dilute or strong, is
s a.fterw}:l o wli}é :d wri :;;eil Bv;;slélxntghm water, shogld be rinsed in alcoi)ol
rea({y[ﬁ)r examin.a.tion under the m?cro:clt?lﬁmed e
iodincza 0?% %tilt'ung[".t-]—l.»sr_uoud recomrpends, for general work, tincture of
o ['efers. tl-;‘ rength, and prefers this to nitric acid, while Le Chatelier
oo plished s&:frengeufi. The latter places some of the iodine solution on
| ietrie aceé,c laiv._n gently rubs the surface with the finger-tip in order
B l:)mon;\'e hing .n.nd to prevent the constituents in the steel unacted
i o oo .111;;(;1:_ tarm..:}h-ed. Stead lpre.fers, for general work, tincture of
B 1.0‘“_} ing 1-26 grams f‘)f iodine and 125 grams of potassium

29 c.c. water, then adding alcohol to make the total volume

100 c.c. Sometimes he uses a tincture of one-fourth the above strength

He applies the iodi y i i
mrfaggand 1;a;? ine by placing 1 drop per sq. centimetre on the polished

ng it until the liquid is decolori
i sed, when the i i
::l;eci;:: Tater and a:ilcohol and dried in a current :)f hot air, s:lxgliic;mtza?
be repeated until the structure is dav : i
: . - 8t sveloped to the ir
:::z:;t.h lléldsdale, for the .deter.m.matlon of the size an{l definition ;?qils:iend
g a -satj‘uratgd solution of iodine in alcohol, immersing the s efim :
apiritnsrogl t\}:ol nu%ll;tes and afterwards washing in water :nd metrzlvltn::
cohol. e speci i i Bl :
= o cohol specimen is dried by heat or is lightly rubbed with
Etching with Pieri i i
erie Aeid.—This reagent was sugg
hing with \eid. ge ested by Igevsky,#*
Who uses a 5 per cent. solution in aleohol. It gives m%?t etcell“;:fﬁlsll:lygs
Xe ssults,

e CIHBE AL ek l_’ <

0T ()I t]le El.(! vantages eimng tllﬂrt tlle J. err it’e 18 not ta E‘l I
; b at Ll&

OOlOUIEd: and t.he lﬂot'tied a])peal‘allte S0 fI eqllellﬂi ]lntltﬂd &ftel etchn(;('

with nitric acid is avoided ; it deve
! : S8 - evelops the structure with
acid is ; = i i
both in hard and annealed steels, is probably one of the betﬁ: Lft f]e?-“lb 6
ﬂug%ested, and is very largely used. ! it s
preci;‘iht:tl;dli?jﬁfftg 0(;fc Elt,ehing.dk}frhe “Polish attack” of Osmond with
: g alcium and liquorice infusion or 2 per i
o : _ lig sion or 2 per cent. soluti
mdn;f;lc]:g;}:m ‘nitr?.te on parchment is really a combined polishing st.ainir;)u?
e i, process. Martens also uses an aleohol-ether solutinﬁ, of lwdr,::i
. ﬂfl( . He has also shown that, by heating, the different constituents
unde:t?] eel assume various colours, by which they may be distiilauishlel:
oy ‘;uzzilct?sco[&e. Stead has used this method of heat tint-in?g with
Success for the examination of phosphoric :
i . _phosphoric steels, and has state
s is the only way at present 1ni which Phosphides and Cafhidii
i stingui on er when present in steel. The -
Mgemﬁ?;t‘:g;i; for hzat} t}ut.mg are taken from Stead’s paper “i}rﬁ)cltlgc“tl
aphy,” read befor itution of Engi E
ey " e the Cleveland Institution of Engineers in
i :
& weIIIll pr&pall‘mg the specimen for heat tinting
rubbed with a cle iec i shamo
e ulllil Pu‘a?e ufl.men or chamois leather ; care must be
ol any condensation of water on the surface; this is
Stured by warming the speci 90° r HAerfaf o
iy g - pecimen to 90" or 100° C. before giving it a final
el p}acr;g1 with tmlhe linen or chamois leather, and before it cools ‘it.
d on the iron plate. A shee ir § inol 7
QI F e on the iron plate. A sheet of iron, 6 inches square
e urner is all that is required for heat tinting The
o tinf 2 ?bt:; :;lle c}-)ntre,‘ axid the polished surface watched until the
vy ned. Iractical experience will soon enable on ind
nalf T:;x(ti for any particular metal or alloy. It is advi;abl: ti;) lim(:
gud!truztn examine periodically under the microscope, and stop wlf:n
re appears to be most perfectly coloured. After each heating
* Stahl und Eisen, 1903, vol. xxiii., p. 120. kS,

the bright surface should

30
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the section should be placed in a dish containing Mercury, so as to cool it
rapidly and check further oxidation. If it is desired to photograph the
heat-tinted object, it is most important in many cases to stop the heating
when the object assumes a pale yellow tint, for although the contrasts to the
eye are not so great, they are quite great enough for the sensitive photo-
graphic plate.”

Saniter * has proposed a method of hot etching with fused chloride
of calcium in order to develop the structure of steel at high temperatures.
The calcium chloride is melted in a platinum crucible and heated to the
desired temperature. The sample to be etched is placed in the fused mass
and allowed to attain the same temperature. When this has occurred the
whole is rapidly cooled by plunging the lower part of the crucible into cold
water, &ec. . The adhering chloride is then dissolved off.

Various other etching media have been suggested from time to time,
such as chromic acid mixture, sulphuric acid, potash, potassium sulphate,
&c., but those described above are the ones most generally used. The
best method to adopt for developing the structure depends entirely upon the
nature of the material under examination, the previous treatment to which
it has been subjected, and the particular structure it is desired to examine.
In some cases it may be necessary to compare the structure of the same
section which can be developed by different methods. Probably picric acid or
the combined polishing and staining method of Osmond is the best to use

for developing the structure of the various microscopic constituents under

very high powers, especially in the case of annealed steels. For the develop-
ment of structure, and in cases where measurement of size of grain i8
required, 1 per cent. of nitric acid in aleohol, tincture of iodine, and strong
nitric acid, with subsequent washing, all give very good results. Consider-
able experience is required in order to know which reagent will give
the best result in particular cases, and nothing butrepeated examination
of various samples, etched by different methods, will enable the student to
decide which is the best to use in any particular case.

Microscopic Apparatus.—Space will not permit of a detailed descrip-
tion of the microscope, and for this the student must be referred to a
standard treatise on the subject, but there are several points in connection
with the microscope to which it is desirable to call attention, and some special
accessories used in examining metallic sections which it will be necessary to
describe. Any good microscope stand may be used—preferably arranged to

be used in a horizontal p(,ysit‘ion—zmd it should have a sensitive fine adjust=4

ment. The base should be sufficiently large and weighty to render the
instrument perfectly steady for the use of high power objectives. Metallio
objects, being opaque, cannot be examined by transmitted light, and conses
quently special illuminating apparatus has to be used even for moderately
high powers.

Hiwminating Apparatus—The illumination used may be either vertical
or oblique, and in many cases it is desirable to examine the specimen by
both. For low power objectives the light may be thrown on to the object
by means of reflectors placed below the object glass, but for high powers they
must be placed above, that is between the object glass and the eye-piece of
the microscope. For examination with low powers the Sorby-Beck reflector
is the most useful type of illuminator, and by its use either vertical oF
oblique illumination can be obtained.

The construction of this illuminator is shown in fig. 268. Tt consists of
a parabolic reflector to which is attached a little silver mirror, with a fae8

at an angle of 45°, which can be turned awa from or under the object glasisy
by means of the milled head, A. When oblique illumination is requiredn,

* Tron and Steel Inst. Journ., 1897, vol. ii., p. 123.
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the mirror is thrown outside into position shown by the dotted lines

fig. 268), and the specimen is exami i y i
(08,3 0 e sposimn o cxamined byl et rom he ivrd
(t)tll)l"negl r})acklmto position shown in fig. 269, so Lthl:]..t it };arﬁ;']eec?illluzxrtl:l:
miJl‘Ei‘(;l‘Eoi;h;:o)uttilée?,\l:": ‘:‘01;111 Itol' -rlu‘ horizontal rays, L, reflected from the
. ject to be reflected back from its surface into the
@ Il?)"%he fc“asg of oblique illumination the horizontal rays of licht, L

g 210), falling on the parabola are reflected at variou 8 U}
‘the object belu.w‘ and if the surface is perfectly ﬂar: m‘ml-:ms
l'ei%ctact?d back into. the micr scope, and cunsequémly Hll(,‘lliL surface appears
2:[11;:‘tylat-l\,_itn_d c_-fzax_lli)t- be seen \‘-'it!l the microscope. If, hn‘wel\'egp on;
por.ti;nuelllt;( I.Sl.lliltl(.:llei ;;s th(l* Lxght falls upon one side of the y

i, & e light is re c-c.tw ack into the microscope. an s
::nir;:llliaug]]} ':Ai!r‘m‘nn:atml, lc;tvm,\_:; the other side in s]);ulv.p (,')hlillliu(xatillllfﬁltsll"l‘-

8 theretore very useful for determining which constituent is in r iof

and \\;h:ch part of a structure is broken up, ' R
W llenl direct illumination is required for low powers
instead of using the Sorby mirror, a very simple a}rm ge-
ment suggested by Stead* will be found g
t0 give excellent results. The device is
shown in fig. 271. A piece of blackened
cardb(?ard is fixed behind the object in
@ vertical position, and a CO\'&!'-:_fllu\is, g,

angles upon
of this light is

projecting

Fig. 268, —The Sorby-Beck Reflector, Fig. 269, Fig. 270
18 placed. over the object at an angle of 45°, both being temporarily attachied
t0 the slip holding the object with plastic wax. The horizon mi l'n-'q‘ of(ll{"ﬂl';lt.
are reflected down by the cover-glass on to the object, and then bm-i}\'l fro l{tjll :
Obj?t tl;l"«_aﬂgh the c-u\'er—;lz‘l]ss into the microscope, as shown in the sk:‘]‘:Lh *
e Ic;zc;:’ihi[I])I:'r\r;{e::gll,l:oi:[;;5;;:;:;1?]:;?:1];’f{Eil‘ep? i]]lnp?ination i,a-l al_\\'a}'_s: use:d,
ciple to that last deserib R £ ul : (m.]' i ex.m-t]'"v el
O it r,.].‘ . ¢ }L xcept t mt t]l.l','l reflector, which is a cover-glass, is
i ‘vili(~1]1L(‘ “ E df&i, as shown in fig. 273. It consists of a metal collar or
T l'ht 3;&(_1 on . pivot a cover-glass which acts as a reflector, and
e !\u‘i)l e{‘ to ‘mly angle by t]}u l]]l“():ll head shown, light being
The ;-:1 0 the reflector through an opening, A, in the metal tube (fig. 272)
a4 toc;)heatl‘):i:s:'e \V;dl into the microscope tube, and ’fhf’. objective then s?:r‘uweci
. T r,c,i; ’0't the col l‘ar_. so that the reﬁvctn}: is in the tube of the micro-
s  reflector is turned to an angle of 45°, rays of light, I, admitted
gh the opening, @, fall upon the reflector, G (fig. 273), are reflected

b e : ; :
andW re(f)in ttf: the object, and then up from its surface through the object glass
. s avenlece i N o % . ¢ SR
ector to the eyepiece. The above illustrations are from blocks kindly

@ : ‘ |
higt P:I:eeby my i;r)'aend' Mr. Stead, who had them specially prepared to illustrate
per on “ Practical Metallography.” Professor Martens and others nse

0 ]
Practical Metallography,” Proceed., Cleveland Inst. of Engineers, Feb, 26, 1900,
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a right angled prism fixed in the microscope tube in the same manner as
the cover-glass in the Beck reflector. : .
Fig. 275, for which T am indebted to Mr. Carl Zeiss, shows this form of

illuminator, and the sketch in fig. 274 explains how the light is reflected.
! Light for Hllumination.—For

ocular examination any ordinary
oil lamp may be used with good
results up toabout 150 diameters.
A Welsbach gas burner or acety-
lene lamp is, however, prefer-
able, and may also be used for
Beok’s Illuminator. photographing up to about 250
diameters, but for very high
magnifications the electric arc is
necessary for goodand rapid work.
Between the source of light and
the illuminator a bull’s - eye

sondenser should be placed to =

concentrate the rays. Thereare
many forms of: cameras to be
Fig. 272.—Reflector. obtained for photomicrography,
and they may be made to work
in either a horizontal or vertical
position. The camerawith which

]

i were taken was a horizontal one
&) similar to that shown in fig. 276.
8 ——— =G £ In taking a photograph the
|
|

the usual way, and without re:

E  of the camera pushed over the
y latter, and the camera extended

A 4 to give the magnification re=Sus
Fig. 273. fise quired. The final focussing 1838
best done on a plain glass platesy

instead of the usual ground glass
camera screen, and, a No. 1 eye-
piece being placed on the centre
of the glass, the fine adjustment
micrometer screw is turned until
a very distinet image of the ob-
ject is seen. If the illumination
is good the focussing can be doné:
directly on the ground glass
sereen without an eyepiece and
excellent results obtained. The
glass screen is then replaced by
a slide with a photographic dey
plate in position, the slide drawn

Fig. 274. Fig. 275.

all the photographs that follow &8 :

object should be first carefully =
focussed under the microscope ilF =

moving the eyepiece, the hood

3 and an exposure made. The
time of exposure will depend upon the magnification required, the source of B
illumination, the rapidity of the plate, and to some extent upon the object 8
and it is a matter of experiment to determine what length of exposure gives s
the best results for the particular conditions. Using an arc lamp and plates

LIGHT FOR ILLUMINATION, 459

of medium speed, the author finds from six to ten sec i
for magnifications of 100 diameters, and for 1,000 the {)ei%islfl?eo\i};ﬁeﬁﬁﬂ?giﬁ
20 to 30 seconds. The photographic plate may be developed in the usua?l wa
When purchasing a microscopic outfit it is far cheaper in the end to go Zo
one of the first-class makers, and the following list of microscopic a-ccessgories

may- be considered necessary for good
red necessa all-round work, although : inni
can be made with less :— i , ugh s et

Fig. 276,

Microscopie Aecessories.
1 microscope stand of any reliable maker.
Ob}ectwes.ﬁll planar objective 35 mm.
2 projecting aplanats 35 mm. and 70 mm.
1 apochromatic 16 mm.

: 1 oil immersion 3 mm.
Eyepzeces.ﬁHu}"ghgnian, No. 2, for general examination,
2 __Projection, Nos. 2 and 4, for photography.

ome suitable source of illumination. =
1 Beck reflector for low powers.
1 Zeiss or Nachet prism reflector.
1 micrometer slide (1 mm. divided into 1,000 parts).
I'camera specially designed for micro work, and if of considerable length

an arrangement for working ' ' i
3 ) rorking the fine adjustment from a distance
Hook’s Key,” must be fitted. b

Mieroscopic Examination.—The microscopic examination of steel samples

i ;
ca?}:h:]fz cct?m%ered un.der three he_ads —(1) General examination for mechani-
3 i (2) examination for size of grain and general crystalline structure ;

) examination to determine the microstructure and to identify the micro-

constituents present and their distribution through the steel.
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Eramination for Mechanical Defects.—In this exammatlorj t:he‘ ﬁurj:glej
to be examined must not be ground down, as this would remO\Ne ..n?)((l}o)t .“er.-
or flaws. The best way is to rub with very fine emery p_apler 15,1 ,0' ) gskin
waxds on paper No, 0000, and ol b tOMER BN inution under o
A somewhat pitted surface will be leit, sult xaminat ander 4
low power. llf nothing is visible the specimen sc}mn.ld 1bel 11?1::1‘035;:-4(11 1;11“;
1 per cent. solution of nitric acid for a few seconds, \-xlum\\ e. {]biﬁu! \\'i{]l
with water, then limewater, and then water again. :}e: lilfl mﬂ:in” .
the rouged chamois leather, it Shatic P 0 or Gefcta are visibe, trent
visible, repeat the treatment; 1t still N0 CTa® ik fnlinuté e
again, this time using 10 per cent. acl‘d for‘d‘l;:ou('{)i:sidered o e
now appears, surface cracks and flaws may be v 5 1 s

ve trea is very useful when examining the running heads sar-
?:c(:seotf] ;J]Ti:fd si’ires,- &c. This examination is always made with a very
" .I?Aogiltlhod which very often gives valuable results for rzu!s,’ t,n:es;, a;}élpii;
and similar sections is to cut a complete cross-section of t.lne M“Cifl- one
examined, and, after covering one face and the edges w1tf1 ‘?.M‘ O'Td{lise Em .
varnish, to immerse it in a 20 per cent. golution of sulp :u:“xc tu:ll 'n-E\'atér
temperature of 60° C. for a quarter of an hour, and Lllllen we]e 212‘:;1_11‘; visih]e:
Slag flaws, blowholes, rollu:;: cr;}cks, ‘&c., are lgexle}-s;. ynTC::SS.aN 3
In some cases h:}]f an hourﬁ El.ct-lml of t?egaciu] sniqir)%ho.s hon{s‘ e

Steels containing « large amount of Sulphur | : rpd i
deep, uneven pits and seams after treatment in 1,1Lus way, an »it u.,(.u';o e
obtained is frequently of great assistance 1nig§;;};:;nlung where

ions for the subsequent microscopic exam : s :
EECtg:ll;]jljﬁfs of wire r?yd which have failed , Very frequvntl_\t.ez:lpdnlblt}:lsc".r;;tllgl
crack or hollow eavity when treated by thlf ;3101.:10(18, especially such sample

with what is known as a “cuppy {iracture.

B b;;:‘r:zl:niq:ati(m for Size of Grain.—For this examination th]eg?;:‘lglierggtlil’:
be well polished to remove all S(‘Télch("S dgu to gr!ndmgl.{:_n;.;dale sk
mends etching with a 20 per cent. nitric :\C»lt]r slolutmn].. 1(' . (1’521“{.—,“ -
immerse the specimen for one or two minutes, in a il."—l f gntjumln -,-.11‘; -
jodine in alcohol, and the author has qlllillxmt;(l. very ﬁl)t)( 1;.7\‘[ -_\7_” it
Sanveur's method of dipping in strong nitric acid and .E;“?‘Vf‘“* 1(1111?0‘:“]ts
stream of water. Any of the above m{'timf]s of otc-lnug;w; gl(,‘ (.lgoczant] h].. e
for this purpose, and after well \\-g.shmg in water and spiri t le-t},oul[)d“ba
ready for examination, Both oblique and ‘\"C!‘Tlt'iﬂ Lllu=}1]1}at;1«_|ll Sf ol
used, and comparatively low powers are I‘t‘,q'u.ll‘(x(-], a pmgmhf :uf.on ”. Tromt
to 100 diameters generally being quite _stthr‘_;ent, or in cases o ex.c%[ti( x lwiil
coarse structures a much lower ma.._‘_'nl.flt‘atl()ll. .‘?uch_zm p:.cm}nnz]u; 3
generally reveal any coarse crystallisation, and will }o_m-n ];!;lv‘l}- _a] m,ub.t =
the heat treatment to which ‘%he steel ]mls been su :_]eute(\,.“ﬂn)c 1 -y
confirmed by further examination under h‘t_'_(her powers. : .»l:; lll}.efz:ﬁre b
grain will vary with the heat treatment it is ofton'lmpo.rtrfil . 0 -‘mt‘n.m1 Th;
and keep a record for reference to compare with simi zu S(‘,Cﬂle a.vemge
simplest way of doing this is to use a micrometer eyepiece, Th) 1.1roscope'
diameter of the grains can then be r{-\ad off direct frun‘}‘ the “:rh'ﬁ e
Another plan is to take a photograph of the sample at a {;1\ en ”-m-T'nllp (;t s
and afterwards photograph the divisions of a stage micl mnetfn sﬂt{ t e
came magnification, and place the phot_ogmph p{' the Shdﬁ‘ %\er ’t}.aOd .
sample when the size of grain is readily obtained. At 1]1 : me ﬂlp |
use a camera lucida with the microscope and go over the image e ’
planimeter and thus obtain the grain measurement. In drawing conclu

from the size of grain in any piece of steel the sectional area of the SteCRSS
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sample must be carefully considered, as it is the relation to this sectional
area rather than the absolute size of the grain which is important.

Examination to Determine Microstructures.—This examination is by far
the most difficult, as it involves the identification of various microstructures
and constituents, and where these are not clearly defined, or where they
merge the one into the other, considerable experience is necessary to deter-
mine the exact structure and distinguish the particular constituents. In
preparing the sample, it is polished and etched by one of the methods
described and mounted upon a slide with some plastic material. As a rule,
direct illumination is best for this examination, and high powers are in many
cases necessary, some structures not being resolved under 1,000 diameters,
while for others 1,500 diameters are desirable, although for most work a
magnification of 500 or 600 diameters is sufficient.

The only way to acquire an exact knowledge of the microstructure of
steel is to carefully prepare specimens until the student can readily identify
the chief constituents and structures, and so gradually gain experience, no
amount of examination of photographs giving him the necessary knowledge.
The following are the four chief microstructures which are now fully recog-
nised, viz. : —Ferrite, Cementite, Pearlite, and Martensite, and some of these
are usually found in all steels, whether quenched or unquenched.

There are three other Carbon conditions identified by the microscope—
viz,, Sorbite, Troostite, and Austenite—which are found only in steels
within certain limits of composition, and which have been subjected to
special heat treatment.

Ferrite (the name suggested by Howe for the crystals of practically

pure iron, or, as Sorby calls it,
free iron) is the chief constituent
of soft steel that has been slowly
cooled, or quenched below the criti-
cal point, Ar,. It is described
as crystallising in polyhedric
grains, which are interfering crys-
tals of the isometric system,
mostly cubes and octahedra. On
etching the polished surface of a
nearly carbonless iron with a
solution of iodine or nitric acid,
or, better still, picric acid in alco-
hol, it will be found that the
Ferrite remains white and bril-
liant, or takes only a slightly
mottled appearance. On polishing
Fig. 277. —Ferrite gr nearly Carbonless Steel. ® Steel, the Ferrite, being softer

Magnification, 150 diameters. The junc. than the other constituents, wears

tures of the Ferrite grains are clearly away sooner, so that the final re-

shown, and this is characteristic. In gylt leaves the other constituents

B0me cases I‘BI'I‘lte appears as a white Of the Steel Stﬂ-ndiﬂg in rPliEf on

¥y no junctures being visible, when £ :
the surface is only ulighﬂ; etched. the worn-down Ferrite. This con-
stituent in the free stafe is prac-

tically absent from steels containing above *9 of Carbon.

It must be remembered that these Ferrite crystals, although they have
the appearance of, are not necessarily pure iron, but may contain Silicon,
Phosphorus, &c., in fact, any metalloids or impurities in the steel except
Sulphur and Carbon, which do not appear to penetrate the Ferrite. Fig.

217 is a photograph of steel containing *057 per cent. of Carbon, and
consists almost entirely of Ferrite.
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Cementite.—This constituent is undoubtedly a Carbide of Iron, and
its composition would appear to be expressed by the formula Fe;C. It
oceurs in bands, or segregated masses in high Carbon steel, is intensely

Fig. 278.—Steel containing 1306 per cent. Fig. 279.—Same as 278. Magnification,
of Carbon. Magnification, 150 dia- 1,500 diameters. This shows the white
meters, The white thread-like bands bands of Cementite much enlarged, and
surrounding the dark areas are the that the dark areas which they more
Cementite. or less surround are laminated Pearlite,

Fig. 280.—Another high Carbon steel showing the Cementite segregated in
masses associated with Pearlite. The white raised portions are Cementite,
the dark laminated portions Pearlite. Magnification, 1,000 diameters.

brilliant by direct illumination under the microscope, but perfectly black by =
oblique illnmination. It often occurs as thin bands surrounding the Pearlite 5
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. grains, It is intensely hard, and remains bright even aiter repeated attacks

with iodine, nitric acid, or picric acid. It cannot be scratched by a needle,
whilst Ferrite can. This constituent is abundantly present in high Carbon,
unhardened steel, but is practically absent in the free stale trom steel con-
taining under -9 per cent. of Carbon.

Tt is not necessarily pure Carbide of Iron but may contain other Carbides
present in the steel. Figs. 278, 279, and 280 are characteristic photographs
of Cementite as it appears under low and high powers respectively.

Pearlite is an intimate mixture of Ferrite and Cementite. It occurs in

two varieties—the lamellar and
the granular. The lamellar, or
laminated, so-called because it is
made up of very thin plates or
lamellz of Ferrite and Cementite
alternately, is found in steel very
slowly cooled from a high tem-
perature, and especially in an-
nealed steel. It takes its name
from the play of colours seen
after etching, suggestive of
mother-of-pearl. The granular
variety consists of fine globules
of Cementite in a matrix of
Ferrite, chiefly found in steels
which have been reheated to a
low temperature ; the Pearlite in
steel annealed at just under Ar;
is granular. Pearlite appears to
be practically the sole constituent
of unhardened steel, contaming
from -8 to +9 per cent. of Carbon.

Fig. 281 is a photograph of
steel containing -87 per cent. of
Qarbon under a high power,
showing the typical structure of
laminated Pearlite.

Martensite.—This is the
microstructure which is charac-
teristic of steels quenched sud-
denly from high temperatures,
Under the microscope it appears
like a system of interlacing crys-
talline fibres. The real nature of
Martensite is still in dispute, but
1t may best be considered as the
first stage in the transformaticn
of Austenite.

On quenching small samples
of steels containing from -2 to -8
per cent. of Carbon from above
Ar,, the structure apparently
consists entirely of Martensite,

Tig. 281. — Steel containing -871 €. Magnified,
1,500 diameters. Showing typical structure
of laminated Pearlite.

Fig. 282. —Steel containing 468 € quenched
from a temperature of 820° C. in water at
15° (. consisting entirely of Martensite.
The interlacing crystalline structure is
characteristic of Martensite.




