
472 Photo-Micrographs showing Change in M.icrost 
STEBL No. 1. -11An~IFICATION 

No. l.-..\n11cal,~l for30minntes 
at 0o0 C.; slowly C<~1led. 
Pcnl'litc awl ~\:nite. 

No 4 -Ileated to 000 ' C. tor 30 minutes; quenched in oi_l 
· f~om 900' C. Con[nsed structnre uot resolved nuder tlus 
power. 

No. 2.-Hente<l to !l<JO' C. 
minutes; wnlt:r t(U 
from 900• C. Stl'nct 
l'esolved undcr this 

Xo. 6. Same section as No. 1, 
at hi~her urng11iftc:1tion. An-
1wah:<l for 30 minutes at 900° 
C.; slowly coole<l. Pc11rlite 
and t'erri te. 

No. 7.-Same section ns No. 2. 
Hented to 900° C. ami wnter 
c¡nenched. Unrtensitic struc
llll'e. 

No. B-8,ime section ns No. 3. Reheate<l to 450º C. alter water (¡uenching. Structnres not well 
deftned, but shows how 11al'tensitic structnre iu No. 5 is brokeu up by reheatlng. 



No. 11. - Annenled for 30 
minutes nt9UOº C.; slowly 
coolcd. Penrlite aud Fer
rile. 

No. 12.-Heated to 900' 
30 minutes ami ,¡u 
in water f1·om 
Structure not te 
uuder this power. 

No. 13.-Heated to 900° C. for 30 minutes. Water quenched from 900' C. aud aJterwards reheated 
to 450º C. Stmcture not resolved under t hts power. 

No. 14.-Iteated to 000° C. and quenched in oil from 900' C. 
Confused structure not resolved under thts powe1·. 

N 

No. 16.~'!ame section ns No. 
11. Annealed aud slowly 
cooled . Well • developed 
Pearllte and Ferrite. 

No. li.-Same section as No. 
12. Quenched in water 
from 900° C. .\Iartensitic 
stmcture. 

No. l ~.-Same section as No. 13. .Reheated to 450° C. alter water <¡uenching. Showing breaking up oí 1Jnrtensitk 
structure. Production of intermediate structure between llartensitc aud Pearlite. 
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No. 21.-Anuealed for 30 min• 
utes nt 900' C. ; slowly 
cooled. Penrlite stmctnre 
not l'esotred under this 
power. 

STEEL No. 

No. 22. •Heated to OOcf 
30 minutes, all(I ![II 
In water from 
Strnctum uot 
uuder this powcr. 

No. 23.-Ileated to 900• !01· 30 minutes. Wntel' quenched from ~ C., ~nd nfterwards t'eheated to 450' C. 
Struclnre not l'esolved nnder tlns powe1. 

No. 26.-Same section as No. 
21. Annealed aud slowly 
cooled. \Yell • developed 
Penrlite; saturated steel. 

No. 2i.-Snme scction as Xo. 
22. Quenched in wnter 
from 900' C. llartensitic 
structm·e. 

Xo. 21!. -'"ame section as Xo. 23. Reheated to 460' C. nfter water quenchlng. Showing bl'eaking up ol )[mtensitic 
structure and pl'oduction of intermediate structm·e between Martensite and Pearlitc. 
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No. 31.-Anncnled for 30 min
nte, at 000' C.; slowly 
rooled. · Structure not 
clenrly deftncd, but thin 
ha111ls of Cementite just 
1ie,·ce¡,tihle. 

STEET, Xo. 4. 

No. 32.-lleated 
uies; water 
Íl"Olll 000' C. 
not resol ved 1 
powcr. 

No. sa.-Heáted for 30 minutes at oco• C.; water quenched lrom 900' C. and afterwnrds 
reheatcd to 450º C. ConfuStd structure not resolved under this power. 

No. 36.-Same sectiou ns No. 
31. Annealed to 000º G. 
Well • developed Pearlite 
and Cementite. 

No. 37.-Same section as No. 
32. Water qnenched from 
900' C. )Iarteusltic strur
ture. 

Xo. 38.-Snme section as Xo. 33. Water quenched from 900' C., nítenrards rehealed to 450' e 
Intermediate structure between Pearlite aod :\larte11site. · 
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H!GH CARRON STEELS. 481 
1·5 per ceut. 

No. 41.-1·5 C11rbon from iugot RS cast. Magniftcation 100 diametel's. 
No. 44.-Steel Casting, as cast. Mng11iflc11tion 100 clinmetere. 

Yo. 45.-Stecl Casting, annealed . .Magniflcation 100 diameters. 
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<.:AST STEEL.-SECJTION SHOWING ORIGINAL M.1CROSTRUCTURE. 
CAST STEEL.-SHOWlNG EFFECT OF ANNEALING ON MICROSTRUCTURE. 

C,u-bon, 0·3"..S per cent. 
Carbon, 0·328 per cent. 

. ' . 

No. 46. -As Cast. Mngniftcation 100 diameters. 
No. 47.-Same Secti<>n as 46, anneal~~l at OC0º lor 20 minutes. Magniftcation 100 diametel's. 
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P TTT ~STRA,Tt'·c· CTJAN("ES PRODUCED l'.\ .MICROSTKUCTCRE AN,P :\IECII.INTCAJ. PROl'f:l tTI IIOTOHR.I PIIS , " " • , . 
llY HE.\T TREAT:UENT. BARS l½ Rourms. 111.wsJFICATION 50 Dl\l1F.TF.WI. 

ANALYSE.•. 

Carhon, 0·180; Silicou, o·o55; Sulphur, o·055; Phos¡¡horns, 0·0il; Mnn:'lnue,e, 0·iiOO. 

Microsections cnt miflwny bctweeU" centre nml outsi,le. 

No. 48.-As Rolled. 

Tensile stress, . 
Elnstic limit, . 
Elongation in 3 ins.,. 
lteductlon of a rea, . 

29·8 tons ¡¡er square inch. 
1¡;·1 ,, 
83 ·3 ¡¡er cent. 
57·6 

No 60 -lleate<l to 820" to,· 20 minutes, and coolcd in 
. ashes. Structure not quite so flne as in No. 49. 

Tensile stress, . 29·1 tons pcr s<¡uare inrh. 
Elastic llmit, . H ·7 » 
Elongatlon in 3 ins., 38·3 pcr cent. 
Reduction of area, . 58·3 

No. 49.-Reated to i40º-760º for 30 '!'in\1tes, nn<l 
in ashes. Very fine structure, ~emte nn<l P 
intimately mixed. 

Tensile stress, . 
Elastic limit, . 
Elongation iu 3 ins., 
Reduction o! area, . 

29·0 tons 1>er sqnare inch. 
15"' 88-0 per'~ent. 
61'0 

No. 51.-Rented to ~20' lor 1) h~u•·s. Strncture 
coarser thnn No. 60 . 

Tensile stress, . 28·6 tons ¡¡er square 111~ 
Elnstic limit, 14 ·8 ,, 
Elongation in 3 ins., 39·1 per cent. 
Contraction o! orea, 62·3 

Xo. li:l.-Heated to 1,000' C. for 15 minutes and cooled in 
ashes; showing increased size o! Ferrite grains. 

Tensile stress, • 
Elastic limit, . . 
Elongation in 3 ins., 
Reduction o! aren, . 

28·1 tons per square inch. 
14·2 ,, 
35·, ¡¡er cent. 
56·3 

No. 53.-Hented to 1,160' C. lor ó minutes and cooled in 
ashes. l<'errite gralns considerably increased in size. 

Tensile stress, . 
Elastlc limit, . . 
Elongation in 3 ins., 
Reduction o! area, . 

27·3 tons pcr squnre inch. 
14"1 ,, 
33·8 per cent. 
5:l'l 

Although the differences in the mecha.nical properties are not greatly a.ffected, it will 
he noticed that heating to 1,000º C. reduces both the tensile stress and elastic limit, 
and elongation, and this is more marked at 1,160º C. Jiad the heat treatment been 

prolongcd for an hour instead of only being maiutaine<l for a few minutes, it is pro!,ablo 
lhat these resulta would have been much more markcd. Healing to i j0º, or at ali events 

to 8:?0º, seems to give tite best resulta and to insure the highest elastic limit combined 
with greatest elongation, ancl prnlonging th" heating cloes not seem lo appreciably 
elfccl the mechanical properties, as shown in No. 51. The abo,·e illustrations, from a 
paper hy ~1r. Campion, wcre repro<luced from blocks kimlly lent hy t,he Council of lhe 
\\" est of Xcotlaucl Iron nnd Stcel Institute. 
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.\Nll ~1Et1L\'IICAL PROPERTJES. 

Cnrhon, . 
Silicon, 
Sulphur, . 
Phosphorus, 
Yauganese, 

No. 54.-Bar as rolled l½ iuchcs diameter. )Iagniflcation 150 dinmelers. 

0·100 
0·055 
0·055 
0'()il 
0·560 

Maximum stress, • . 
Elastic limit, . • 
Elongntion in 3 inches, 
Red uction of nrea, 

29·8 tons per square inch. 
15"4 ,. 
33 ·3 per cent. 
5i'0 

Bent ove1· througl1 180º over rallius of 2 inches wilhout lraclure. 

No. 55.-Same bar alter heating for 36 hours packed in lime at a temperature 
of about 1,000" C., and cooling slowly for 32 hours. Magniftcation 150 
iliameters. 

~Iaximum stress, 
Elastic limit, . 

. 27·2 tons per square inch. 

. U-2 
Elongation in 3 i.nches, . 
Reduction of area, . 

36·0 per cen~ 
57"6 

Brittlt under Bhock. Broke wider two or three blowB wit/1 a /1a1,1111er. 

Importaut to note that, although results in te1,si.le m.ichine excellent, material wns hrittle under 
s1ulden shock. 

PUO'N>•~hCRO<IRAl'IIS ILLCSTRATING biFLUENCE Ol' l'RO · · H • • LO:'>ta;o EATl:S(; ON SrzE OF GR.UN 

A:-.D ~b:CH.\'llCAL !'&Ol'ERTIES • 

Carbon, 
Silicon, . 
Rulphw·, . 
Phosphorus, 
)langauese. 

0·100 
o·~;o 
0·044 
0·053 
0·453 

No. ó6.-Bar as rolled I½ inthes diameter bcnt through ISOº ove1· 2 inches radiu,. 
~laguiflcation 150 dinmeters. 
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PnoTo-::ilicRO(:RAPIIS nw:11 ÜIL TE)!PERED SnEL Axr.E 7 JNcm;,; DIA:\IETER. 

MAG:STFICATION 150 DIA)H:U:RS. 

A scctiou was takeu across the diamewr of the axle, and one ¡iiece was cut from outsitle, one ¡,iece 2 inches 
from outside, ami nne lrom centn·. 

Jt will he noticed that i'errite grains are much lat'l(er in the sample from the centre, ancl in lhe outsi,le 
aample the FctTitc is hroken up and more diffused lhrough the Pearlite areas. l'ndcr hi!(he1· powers the outside 
sam¡,le is showu to coutain aloto! uuscgregalt'<l Pearlite, or Sorhitc, while the Pearlite is more or less lami1mtcd 
in the sam¡ile from lhe centre. 

Carho1,. 
Sul¡1hm,. 
Phos¡,honis, 
ll ftll~:lUl.'Se, 

~"- Sl,.-!lample from the outside. 

Al!ALYSIS. 

0·35 
0-031 
0•038 
11"\\\iO 

l'cnsile streng-th, 
Elastic limit, . . 
F.lon)lfttion in :l inehes, 
Re<luctiou in aren, • ... 

No. 61.-Sample lrom the centre. 

3i·2 tons ¡,er s,¡narc ÍIH;h. 
·,,4-0 
~g pm· cent'. 
49"8 
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P11oro-::ilrcROGRAPBS SHOWING EHECl' OF Fil!ISHJN(; TE:IIPERATURE AND HEAVY A~l) Lu:ur 
FORCING Rl!Sl'ECTI\'ETS Olí S!ZE Ot' GRAJN. ~!AGNTFICATIOli 50 DI.UIETERS. 

Xo. 63.- ~ame hillet forged to 1 inch s<¡uare bv n x11iaU ~~•:t,er uf henvy blows, flnisbed just beloiv y~ll0>1 

So. 62. -Pícc~ same hillet, No. 61, for<,.:ed to •ame ,izo 
flmshed Just below a yellow hlat. ' 

_\o. 64.-f;.,me filllet forged down to 1 inch square by a 
large number of light blo\1·s. 
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PnoTo•:\hcROORA!'llS o•· 'T1111 R,IIL.'i ASD·CEMEST B.\R. 

~o. 05.-:.tecl rallas rolled. Interior of headt. _ Trans-
,·ene scctlon. ,ragniJleatlou 150 d1111netcrs. 

<.::irbon, 
:o;ilh."011,. 
:;alphur, 
Phos¡,honu, 
llang:mese, • 

Examplo ni low Onrhon a111I fow "an,:n11ese atecl rail. 

X o. OO.- :,;teet rail .:S rolled. 1'rans,·e• se sectt,111. 
)la¡,'ltitltntinn 150 ,llarncters. 

Carbon, 
:-<illcou,. 
Sulphm·, 
Phoaphurus, 
ll11nganese, • 

0•4,9 
O 0-4 
u·050 
0'069 
o·ujo 

Falrly hl~h Carlklt1 n,11I high \1111,g:iur-,e rnll. 

e t ...,r Showing Pearlíte and ~mentlte • xo (il.- emcn .,. • 
• ~laimlflcation 150 <llnmctera. 
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APPENDlX I. 

SPECIFICATIONS. 

4 
All:F:RICAN 8PECIFICATIONL 

, ... ~ ti\. -

Ta1 atandardisation of s•pecifications for steel rails, tires, axles, casti~s, 
forging~ @tructural stecl, boiler plates, &c.,

1 
has received oonsiderable 

Mtention since 1882, when ~e International A'ssociation for 
1
Te!iting 

llaterials was originated. · rs: . • , 
The American section' of thh Association was o¡ganised in 1898., and 

was superseded by the • .American Society for Testing• liater.ia.!,s in iM2, 
Tiña Society publish~ a Y~1·-Book devoted chiefly to the iublication of 
t. stándard <specifications and standard methods adopted by the Society. 

The followin_g specifications ha. ve been · a.dopted by this Socioty, and it 
will be seen that, with regard to chemical composition, the amount of 
Carbon is not generally specified when a tensile test is required, the 
percentage of constituents other than Phosphorus and Sulphur being left 
to the manufacturer. In some ca.ses, however; the .amounts of Silicon and 
Manganese are also specified. 

It has been recognised tha.t, for the same chemical composition, stcel 
produced in the Ea.sic open hearth is softer tha.n a.cid Bessemer steel, a.nd it 
is quite safe to take higher Carbons, especially if, at the same time, a lower 
percentage of Phosphorua is insisted upon. 

AllERICAN STANDARD SPEOI.FICATIONS, TEST PJEOES, AND METHODS OF TEST

ING !RON AND 8TEEL, ADOPTED BY ÜO.IIMl'lTEE NO. l, OF THE AMERICAN 
8ECT10N OF THK hTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 

The Committee recommends thé following as the general requirements 
which international specifi~tions should iuclude :-

Process of Manufacture,-The prooellS or processes of manufacture 
of a steel lor a given pur~se, shÓUld be specified, but the details of the 
procesa should be left to the ma.nufacturer, as a sa.tisfactory product is 
produced by methods of manufacture varying in different countries. , 

The proportions <?f. cer~a.in of , the chemicáJ. constituents, especially 
8ulphur and Phosphor~s, sl!o!lld be specified , to be within certain limits, 
and limita ahould be prescribed 4 to all physical properties which determine 
the suitability of the steel for the pur~se intended. ! 

The number and location of the test pieces s~ould,also be specified, the 
general methods of determining the phy)lical properties specified given, and 
how the sample for chemica.l analysis should be ta~~n~ 

The specificationa should alsó contain ola.uses governing the req uired finish 
and branding of the material, and a clause granting the inspector the necea
aary facilities to see that the provisions of the specifica.t1on are ca.rried out. 

For ateel rails, the following clause may be inserted :-
" The entire procesa of manufacture and testing shall be in accordance 

"ith the best current pra.ctioe, special ca.re being given to the following 
instructious :-Ingots ahall be kept in a vertical position in pit heating 
furnaces; no bled ingots shall be used; sufilcient material shall be discarded 
from '4e top of the ingot to insure 1ound rails " 33 • 


