472 Photo-Micrographs showing Change in Microstructure induced by Heat Treatmer = Garion 16, PANCTEE Sy (MRS~
STEEL No. 1.— MagxmwicatioN 100 DIAMETERS. Carbon, "1

: s No. 6.—Same section as No. 1, .

No, 1.—Annealed for 30 minutes X ! No. 2 C - athigher magnification. An- e Y T A No. 7.—8ame section as No. 2
at. 900 ¢, slowly cooled. \ : i = minntes; ber (jll nealed for 30 minutes at s00° s - i Heated to 000° C. dnd water
Pearlite and Ferrite. 3 N from 900° €, Sty €. slowly cooled. Pearlite : T quenched. Martensitic strue-

: - resolved under this poy and Ferrite, Vi ture.

No. 8.—Heated for 30 minutes at 900° C. Water quenched from 900° €., and afterwards
reheated to 450° €. Structure not resolved under this power. N
0. 8—Samie section as No. 3. Reheated to 4500 ¢ ; ;
: FED Lt e al C, after water quenching. Structures el
defined, but shows how Martensitic structure in No. 5 isl broken up hy 1‘@%132{1[;({?1‘!3% e
2.

No. 4.—Heated to 900° C. for 30 minutes; quenched in oil No, 5.—Heated to 900° C. for 80 minubes ;' quenek e )2 G &
from 900° €. Confused structure not resolved under this from 900° €. and reheated to 450° C, Siruces N0, 9.—-Same section as No. 4. 0il quenched fi- 0 ” X " .
power. resolved under this power. _ ! Sorbitic St;ructurlc. et (om0 . #a: 20Beme segﬁlt::&;fclﬁﬂéﬁfm;f 891583 E?d Yo 460%Ch dtor




Carbon, 470 e
: STEEL No. 2.—Maextrreation 1,000 DIAMETERS.

Carbon, 47,

STEEL No. 2.—MAGNIFICATION 100 DIAMETERS.

No. 11. — Aunealed - for 30 . 12.—Heated to 9007 ; ;
minntes at 900° €.; s i 30 minutes and quens 16.—8ame section as No. g — Sarnr sEdtion
cooled. Pearlite and i e in water from § L. Annealed and slowly P e : Quenched in wat
rite, £5 s Structure not 1 | gooled. Well - developed : i ) from 900 0. Marbens tI:
i under this power. Pearlite and. Ferrite. ; oo B Tt gl e L

No, 18 —Same section as No. 13 ' Re et : [
s 18, —Same geco s No. 13, Reheated t C Showing bredking u Martensitic
structure.  Production of intérmediate stracture between ) -ensi;;e."aml Pcar?itel.) e

° €. for 30 minutes, quen ! —Natne. )
ted 10 450°C, 'stracatt uctur Eiﬂtﬂion a8 No. 14, Oil quenched from 900° C.  No, 20.—Sume section as No. 15. Reheated to 450°0. after

) e ) elinedinte betyween that shown in Nos. 17 oil quenchin iate structure hetween Martens-
g jto s e ilar ta N a

No. 14.—Heated to 900° C. and quenched in oil from 900° €, No. 15.—Heated to 0
onfused structure not resolved under this power. from 900° C., and re
resolved_under this power,




|‘ | | SR No . . No, %6.—Bame section as No,
I . . 7 { alllﬁmm\l%edlm]d slowly
I | 1 3 : . - i from. cooled.  Well - developed
| | | cooled. Pear 5 g # 0 Strackufs Dab Pearlite; saturated steel.

not re +d unde = i >
power, 55 ‘ ‘ under this power,

5 00° C 1 3 ) . breaking up of Martensitic
; I i v 1d Pearlite.

WS

: i e e e R to 000° C il 1. No.80.—Same section as No. 25, Reheated to 450° C. after
_PTO_ ’;_iL _Hmed to f"U Cus 'tlllt-mlll in {_}l']f]t_llll. 00° © 0, #ellfind Y 5 oil quenching. Intermediate structure between Martens-




STEEL No. 4

No. 3L.—Anmnealed for nin-
utes dt 900° C.; slowly
cooled. structure  not

3 3, but t
h.m(ls of Cementite
perceptible.

"H[ l
I"J |j‘”u

ed to 900° €, for
Confused struetw

— MAGNIFICATION 100 DIAMETERS.

utes ;

Carbon,

Heated for
water

from 900° C.

no
power.

resolved

1° .7 water quenched from 900° €. and afterwards

strueture not

hedl in oil i cated to
mder this f 2 (2, and

Ived under this power.

91,

Annealed to. 900°

“Well - developed Pearlite

and Gement.ite.

No. 38—Same section as

s&ctsnn as No, 34, Ol quenched from 900° C.

* Bemi-Martensitic stritcture:

No. 40.—
and

cheated to 450°

No. 87. me section as No.
2. Water quenched from
:nn” C. Martensiticstruc-

ure.

afterwards reheated to 450
and Marteusite,

me section as 5. 0il quenched from 900° ¢,
itic structure,
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HIGH CARBON STEELS.

1'5 per cent.

e gl haEA SV TR

No. 44.—Steel Casting, as cast. Magnification 100 diameters.

5.—8teel Casting, annealed, Magnification 100 diameters,

ot, rolled and annealed. NO, 43 ‘arbon Steel from ingot,
ementite bands and some rated Cementite. Magnifical
sion 1,000 diameters,




g A STRERET, s :
CAST STEEL.—SECTION SHOWING ORIGINAL MICROSTRUCTUKE. CAST STEEL.—Smowwve ErrEer oF ANNEALING 0N MICROSTRUCTURE.

Carbon, 0-328 per cent.

Carbon, 0°328 per cent.

No. 47.—Same Section 3 g . %
No. 46.—As Cast, Magnification 100 diameters. ne Section as 46, annealed at 900° for 20 minutes, Magnifieation 100 diameters.
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PHOTOGRAPHS TLLUSTRATING CHANGES PRODUCED I8 MICROSIRUCTURE AND MEecHanican PROPER
py Huar TreatvuNT. BARs 13 Rounps, Maestrioation 50 DIAMETERS,

] ARALYSES.
Carbon, 0°180 ; Silicon, 07056 ; Sulphur, 0:055; Phosphorus, 0°071 ; Manganese, 0:600.

Microsections cut midway between centre and outside.

No. 48.—As Rolled. No. 40.—Heated to 740°-760° for 30 minutes, and €
in ashes. Very fine structure, Fervite and No, 5.8
intimately mixed. . 62— Heated to 1,000° C. for 15 mi wi eontad i &

: \ o A Sihen: showiﬁg SR ;i?o 1[1;1:1&?33 a;;d ‘:r‘mqlul in No. ;;3.Al-Iea§ed $0 1,160° C, for 5 minutes and cooled in
Tensile stress, . . 29'8 tons per square inch. Pensile stress, . 20°0 tons per square ineh i A TTite grains, ashes. Ferrite grains considerably increased in size
Elastic limit, .. . 151 5 Elastic limit, . . 162 = 1 Tensile stress e ! % ;
Elongation in 3ins.,. 33'3 per cent. Elongation in 3 ins., 3870 per cent. Elastic limit, . 5 “8,3 tons per square inch, Tensile stress, . . 27°3 tons per square inch
Reduction of area, . 576 Reduction of area, . 610 Elongation in 3 ins., %‘: per cent ¥ Elastic limit, . . 14 o r

Redueti avon. ol Aok 13 Elongation in 3 ins,, 33:8 per cent.
ction of ares, . 563 “ Reduction of avea, . 5371 » s

Although the differences in the mechanical properties are not greatly affected, it will

be notic‘ed that heating to 1,000° C. reduces hoth the tensile stress and elastic limit,
~and elongation, and this is more marked at 1,160° €. Had the heat treatment beex;
| 'pralonged for an hour instead of only being maintained for a few minutes, it is probable
‘\]M | e a 0 5 ¢ | iza.»;:ol:es;;e::l:s w:oulr! have been much more %narkerl. I{e-aLing to 750°, or at all events
I ‘:J. : . ' . 20°, o give the best results and to insure the highest elastic limit combined

wit; ] ati i i
: fith greatest elongation, and prolonging the heating does not seem Lo appreciably

effect the mechanical properties, as shown in No. 51. The above illustrations, from a -
i’avllel‘ by Mr. Campion, were reproduced from blocks kindly lent by the Council of the
West: of Seotland Tron and Steel Tnstitute.

No. 50,—Heated to 820° for 20 miinutes, and ecooled in No. 51.—Heated to 820° for 1§ howrs, Structure 5

ashes, Structure not quite so fine as in No. 49. conrger than No. 50
Pensile stress, . . 2971 tons per square inch. Tensile stress, 98-6 tons per square |
Elastic limit, W 1 Elasticlimit, ~ . 148 i i
Elongation in 3 ins., 383 per cent. Elongation in 8 ins., 3071 per cent.
Reduction of area, . 583 Contraction of area, 02'3 i




E ProT0- MICROGRAPIS ILLUSTRA :
1 01 - TING INFLUENCE > o . :
486 Proro-MICROGRAPHS ILLUSTRATING INFLUBNCE OF ProroNGED HEATiNG oN Sizi oF GRAIV IsrLvescs or Proroxaep Heative oN Sizg or Grary 487
AND MECHANICAL PROPERTIES. ‘ AND MEecHANICAL PROPERTIES,
Carbon,
Silicon,
Sulphur,

Phosphorus,
Manganese,

No. 54.—Bar as rolled 13 inches diameter. Magnification 150 diameters.

CREBI T ] o AL e ez 080 Maximum stress, 29-8 tons per square inch. S No. 56.—Baras rolled 1} inches diameter be o T e S )
Silicl)ll,, S ) - ¥ ; X : Elastic limit, . RLT LT 4 5 : 8 -mnnTe] IJL.llll‘; F-inuu;.h 180° over 2 inches radius,
Salphur, . . £l S e CEm T Elongation in 3inches, 33:3 per cent. Magnification 150 diameters.

Phosgphorus, 04071 Reduetion of area, . 676 o

Mauganese, 0560

Bent over throngh 180° over radius of 2 inches without fracture,

{

i

l‘|

) e No, 57.—8 : EraE
No. 55.—Same bar after heating for 36 hours packed in lime at a temperature «—Same bar magnified 150 diameters, after removal from hox of i - s ,
of about 1,000° C., and cooling slowly for 32 hours, Magnifieation 150 it had been dropped when the slag was molten and allowed to rema,li;nllte]:};si! ft{}lré]?{;;..s‘l&g; ;{1}111:&) which
diameters. . Kyt ; 3 slag ;
iy So brittle that it broke with first blow of hammer,
Maximum stress, . . 272 tons per square inch. Elongation in 3 inches, . . 86°0 per cent.
Elastic limit, . il - i A Reduction of area, . 5 . o786 i
Briittle under shock.  Broke wnder two or three blows with a hammer.

although results in tensile machine excellent, material was brittle under

Important to note that,
sudden shock.




Proro-MIcrocraPES ¥roM Oin TEMPERED STEEL AXLE 7 INCHES DIAMETER.

MaoNtricaTIoN 150 DIAMETERS. ;
Piore-MiorocraPES SHowiNG Ervecr o FIsmsuine TEMPERATURE AND Heavy axp Licir
o B 4 L0

A seetion was taken across the diameter of tlie axle, and one pieee was cut from outside, one piece 2 inches Foraing CROTIVELY 0N i 0 P =

from outside, and one from centre. - 1 ING RESPECTIVELY ON Sizk oF GRAIN, Maoy IFICATION 50 DIisMETERS,
It will be noticed that Ferrite grains are much larger in the sample from the centre, and in the outside

sample the Ferrite is broken up and more diffused through the Pearlite areas. Under higher powers the outside

sample is shown to contain‘a lot of unsegregated Pearlite, or Sorbite, while the Pearlite is more or less laminated

in the sample from {the centre, -

e ANALYSIS.

Carhon, o - g =80 Tengile strengtb; <« ¢ 3h:2tonsper squareinch,
Snlphur, . o o - sa e 081 Elastie Timit, - AR o 5

BIERNOTEE e el ST o 2088 Flongation'in'3 inches,’." 28 percents
INBRC R Ee T L R P T S OeE0 Reditetion inarea; .« « 498

o

5]

7'3}'&!--‘-- e Bl B
No-GE=2itich billet forged to 1 incli square, finished at No. 62.—Piece same billet, No. 61, forged $o sanie

e it red heaf:. finished just below a yéllow ligat, =

Nu. 58:—Sample from the outside.

No. 63.—Same bin i b G P
—33 et forged to 1inch square by nsmall No,64.~Same Dillet forged / inch sq
s e e | g ¥ 8 No, 64,53 ged down to 1 inch square b
hea_l%})er of heavy blows, finished just below yéllow large number of light blos, ) A

No. 6).—Sample from the centre,




Proro-MicrogrAPHS oF Two Rams axp-CemMENT Bag. | A P P E N D T X I :

SPECIFICATIONS.

AMRRICAN SPECIFIGATIONA

-

Tae standardisation of specifications for steel rails, tires, axles, castings, .
forgings, structural -steel, boiler plates, &ec., has ‘received considerable
attenfion. since 1882, when the International  Association for’ Testing
Materials was originated. 1 . _ ol TS
¢ The American segtion of this Association was opganised in 1898, and
was superseded by the American Society for Testing- Materials in 1009, ¢
This Society, publishes s Year-Book devoted chiefly-to the publication of
the standard spegifications and standard methods adopted by the Society,

The following ‘specifications have been-adopted by this Society, and it
will be=seen. that; with regard to chemical composition, the amount of
; Carbon is not generally specified when & tensile test is required, the
No. 66.—Steel rail as rolled. Transverse sectioi percentage of constituents other than Phosphorus: and Sulphur being left
o T Magnifiention 160 dizmeters. 3 to the manufacturer. In some cases, however, the amounts of Silicon and
- Manganese are also specified.
ar sk It has been recognised that, for the same chemical composition, steel
. 0042 ::;‘p“:u ; : 0050 produced in the Basic open hearth is softer than acid Bessemer steel, and it
: 'U'::H i : i"l‘:g 18 quite safe to take higher Carbons, especially if, at the same time, & lower

Phosphoris, e SR Manganess, - TN A percentage of P}msplwrua E Cxchonn e
Mangunese, . - g % : : d 2 :

vo. 656, —Steel rail as rolled. Interior of heads. .
verse gection. Magnification 150 dinmeters.

Cart . 0-368 Carbon,
larbon,

Silicon, .
Sulphur,

rairly high Carhon and high Manganese rail. X !
D Y AMERICAN STANDARD OPECIFICATIONS, TEST Pieces, ANp METHODS OF Trsr-

ING IRON AND STEEL, ADOPTED BY COMMITTEE No. 1 oF THE AMERICAN
BECTION 0F THE INTERNATIONAL AssociaTiox ror TesTiNG MATERIALS,

The Committee recommends the following as the general requirements
which international specificgbions:should include +—

Process of Manufacture,— The process or processes of manufacture
of a steel for a given purpese shonld be specified, sbut the details of the
process should be left to the manufacturer, .as a satisfactory product is
produced by methods of manufacture varying.in different countries.

The proportions of . eertain of the . chemical constituents, especially
Bulphur and Phosphorus, should,be specified to be’ within certain limits,
and limits should be preseribed to all physical properties which determine
the suitability of the steel for the purpose intended.

The number and location of the test pieces should also be specified, the
general methods of determining the phygsical properties specified given, and
how the sample for chemical analysis should be taken,

The specifications should also contain olauses governing the required finish
and branding of the material, and a clause granting the inspector the neces-
sary facilities to see that the provigions of the specification are carried out.

For steel rails, the following clause may be inserted :—

_ “The entire process of manufacture and testing shall be in accordance
Xo @7.—Cement bar. Showing Pearlite and Cementite. d "lth tha best current pract-ice, special P baing given to the. following
: Magnification 150 diameters. R instructions :—Ingots shall be kept in a vertical position in pit heating

furnaces; no bled ingots shall be used; sufficient material shall be discarded
the top of the ingot to insure sound rails.” 33

Example of low Carbon and low Manganese steel rail.




