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mm: 21-. after tine allotnents of unm- types of steel

treated under identical conditions have provokingly failed to live up to

tested require-ents. fire of a standard composition treated in the nost

approved Inner to give the required results has discouragingly failed

when put to use. fluch failure when detected are translated into huge

losses for both the consumer and the mufacturer. Industry has bent

every effort to localize the indicators of the so-called abnornl steel.

Yet the steel being discussed, exhibiting such failures is not abnornl

as the word is usually understood. Specimens that have stood 19 under

static tests have failed nieerablyundor dynamic tests. Steel which

should display certain potentialities hae failed to even fulfil linin-

specifications. Steel of identical quality and worknnnship still fails.

It has been noticed that such failures occur particularly in steel

of low carbon content: steel of vhich the highest degree of ductility is

required. Such processes as stamping and the drawing of wire have desnnded

such ductility of steel and have likewise been confronted by this failure

of steel. laturally, every effort has been expended to overcome it. but

the probl- still reuins. 'l'ho author's attention was first turned to

this probleu by the failure of some specimens of steel when eta-pod into

(pokes and tineing gear covers. two specimens, supposedly the sane, (the

difference being that the one had failed, the other had stoned perfectly"

were i-ediately subjected to a microscopical examination. the canes for

the failure was soon evident. he speoinens were not identical. no one

that had failed showed a banded peerlitic structure. laturally, further

tests were not nde on the two samples of unidentical nature.

Inperinental work done in the past offered a clue towards the

solution of the ip. Low carbon steel in some cases when examined under

an oil imersion lens revealed a thin film around the ferrite grains.
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Undoubtedly if this film consisted of cementito it would affect nterially

the ductility of the specimen when tested. !his being trua the effort to

solve the problem resolves itself for the time being into a study of this

fil- surrounding the ferrite grains, its formation and ito subsequent

effect upon steel. ‘

Ehnt this film is conentito can be readily seen by examining the

nicrop'aphs of sons steel 3. i. r. 1040, following a slow cool from 1850‘?"

(Iig's. 1-7). i'ho caentito apparently flows fro- the cenentitic areas in

the pesrlite into the grain boundaries. It would be difficult in the

lidlt of the evidence offered to euggest that all the boundaries surrounding

the ferrite grains consist of cementito. Rather it seems more probable

that none of the boundaries are composed of comentito, especially in the

case of the lower carbon stools. Attention is called to the difference in

the free cementite formed in the grain boundaries of the low carbon steel.

i'here is the large noses of the cenentite similar to that noticed in the

ridat half of rigure I. further, there are large distinct cementitic

grain boundaries formed directly between the pearlitic areas. (Iig's. 2 a. 3)

And lastly there are cenentitic grain boundaries seemingly eminating from

the peorlitic areas and surrounding the ferrite grains. High. 1, 4, 6, d 7)

In an effort to study the forntion of cenentite in the grain boundaries

in the following proceedure was carried out: Sir pieces of 20% carbon steel

(:1 Hanna»1 25mm: from thosanobar,wereplacedintwobonbs':

heated in an electric furnace to 1850‘? for one hour: all six were then

furnace cooled to 1675’}: He's. D l, 2, d 3, were removed from the furnace

and allowed to cool in the bomb: lo's. l l, 2, d 3 were cooled slowly to

" Ibo speoinen was heated in a loskins automtically controlled electric

furnace at 185001 for one hour, cooled in the furnace to 132001, more

slowly cooled at the rate of a drop of 20°! every 10 ninutoe to 1250”, and

then furnace cooled to room telperaturo.

‘2 i'he bombs consisted of one inch steel pipes six inches long sealed at

“a m.
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11759, at the rate of a drop of 20° every 10 ninutes, fron which point

they were furnace cooled to room t-peraturo. Both A: 24.3 and D m were

heated to 12600! held for one hour and water quenched. An and us were

then heated to 12605 hold for one hour and water quenched.

In order to afford a check on the work the experiment was repeated,

giving the treatment formerly given to the I. series to the 1! series, and

giving to the A series that which was given to the D.

It is apparent from the photomiorogaphs (Iig's. 8 d 9, corresponding

to £1 and D1) that the sins of the pearlitic areas increases, while the

umber decreasee, as the time consuod in panning thru the lower critical in

lengthened. Likewise the sire of the lamellae, both in length and breadth,

increases with an increase in tine. -Ocmpering the etructures formed after

the two rates of cooling as exemplified in steels numbered 11 (lig'e. 10 6 11)

and ”1 (fig. 12), it is observed that there is in the slower cooled steel,

£1, a .rgin of cementite around the nest of the pearlitic areas and that the

filn surrounding the ferrite grains evidently contains a greater enount of

cementite. whereas in 11 the poerlite seems to fill an entire gain

(whether it is an austenito grain or not, is difficult to say) the poarlito

in DI the more rapidly cooled piece sons to start fron the grain boundaries.

It is true that there are some cases noticed in which the poerlite is-

entirely isolated frn the grain boundaries but for the most part the first

stages of the pearlitic formation seens to center around the pain boundaries

as seen in l‘iguro 7. Attention is called to the apparent fact that in the

more rapidly cooled piece, very little cenentite existed in the boundaries

surrounding the ferrite grains. mo cenontito that was present was there

as free isolated cementite in the boundaries or else as a cementito grain

boundary between two pearlitic areas.

!he sins of the pearlitic grains in i2, the slow cooled steel following
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the first. ”to: quench, soens to be little affected. However, there is a {

noticeable loss of cenontito in the pearlitic areas: the argins in some

cases have disappeared and the lamollae have become thinner. lsrkedly

eneuda, the ferrite has become mob disturbed, not being as clean as

formerly. no grain boundaries have not increased in size. (fig. 13)

I rem the structure in 92, the more rapidly cooled piece after the

first water quench, it is evident that the pearlite is beginning to ballup,

not nrkedly but econ“ to cause a breaking up of the pearlitic fornation.

The grain boundaries evidently have becone a little larger thru this treat-

lent. (fig. 14) ‘

In lg, the slow cooled steel after the second quench. the poerlite

in .... oasos has started to break up: the la-ellar structure where it

still exists has become nuoh thinner. loticably, the censutito particles

have started to spherodise in the grain boundaries, not necessarily near the

pearlitic areas. (fig. 15)

In D3, the more rapidly cooled piece after the second quench, the

poerlite is very Itch broken up. here was not however, the sons spherodising

of ouontito in the pain boundaries as in L3. Yet the pain boundaries.

surrounding the ferrite were larger than in D1. ” 7": ”0

no hardness of the pieces treated above is shown in table I.

Specimen Rockwell Hardness lo. ‘3' Scale

1: 11 28.8

32 , 41.6

A3 A 39.:

n1 45.3

’2 . ' 46.8

1);, , 41

the results obtained by reversing the specimens used in the onerinent



F1?. 13







F '13. 1.0

mag. 1903 X





show the carbon content to be the same. In every case the observations

seuod to check those .de previously.

the hardness. of the pieces after reversing the treatment is shown

below in fable II.

lpecimon Rockwell Hardness of lo. '3' Scale

74

73.6

52.3

72.2

.
P
d
’
J
’
o
r
:

a

71

!he hardness of the slower cooled piece in each case was much less.

However it is noticed after quenching from below the lower critical, that

it compared very favorable with the more rapidly cooled piece.

rhe- far attention has been centered .. the cementitic fornations

which follow the change from gas- to alpha iron with a lowering of tem-

perature. In the absence of gum iron, the effect of heat treatment at

a temperature Just below the lower critical produces very different results.

If the treatment is continued long enough, a spheroidal structure is obtained,

especially if the structure so treated is in a fine condition. Apparently

following a spheroidal structm'e is obtained, especially if the structure

so treated is in a fine condition. Apparently following a spherodising

treatment, the cementito particles exist as isolated spheroids. If this is

true, consentite cannot have precepitatod to the grain boundaries upon the

transforntion fron m to alpha iron, although proof of their existence

in the grain boundaries would not preclude that they were deposited there

in their entirety at the time of transforaaticn. Rather, in the face of '



the work done previously it would some probable that a shall amount

would be procepetated at the grain boundaries following the transformation

the amount increasing by miaation with time. However, ordinary examination

of the structure of sphercdined.low carbon steel does not reveal any'grain

boundary. In order to clarify the situation and if possible, throw a

little more light upon this type of cementitic formation, the following

experiment was carried out: a sample of .40! carbon steel was heated

to 18809! in.a.Hoskinfis automatically controlled electric furnace and.held

for one hour, air cooled, reheated to 1850°I and air cooled again. The.

piece was then heated to 1250°I for fifteen hours and allowed to cool slowly.

following the cooling the sample wan etched for 2 seconds, 8 seconds, 4 seconds,

and 10 seconds, with.four percent nital solution.

In figures 17 ... 18, the 2 second etch was very ught. so lidlt in

fact, that a photcsdcrograph poor in detail was obtained. Even at that one

can observe order about the arrangnent of the spheroids. rhey seen to be

in some cases, laid down in strings. Iith.a little deeper etch, 3 seconds,

a clearer detail of this line like arrangnent is seen at low ngnification’,m

while at a higher mification a faint line is seen to run from one to

another of these spheroids?” the structure obtained with a 4 second etch

is shown in.!igures 21 and 22, very stailiar to the three second etch» lith

a 10 second etch at low unification. dark lines are seen to distinctly con-

nect some of the spheroids together. (fig. 23) lhile 'at a higher spin-

cation it is evident that the spheroids are connected by channels of cementite-

-¢ain boundaries of cenontite if one so wishes to call then that. (fig. 24

d 25) Upon closer ennination it can be noticed in either figure 84 or 25.

that the ceaentite actually runs from the spheroids into the grain.boundaries.

Ihother all the spheroids are connected together in the same mner

is beyond the scope of the paper, although there seems to be some indication



Fig. 17 , Big. 18

hag. 580 x hag. 2500 A

Fig. 19 rig. 20 ,

nag. 580 X Mag. 2300 A
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thew ny he. he pertenent point to he pined is that in further

observation of spheroidnl structure in low carbon steel, these ce-entitic

anin haundnries last he considered, st leeet nentslly.

Iron the results ohteined in spheroidising, the force of cohesion is

one thet mt be contended with. net it exists ct the time of the cementitic

ferntien is undoubtedly true. But the force «cohesion comes into predom-

insnce when n sanction of the cenentite becones possible in the sheence of

n precipitsting constituent such es gen- irono-nore briefly, when the steel

is heeted to e point Just below the L1 point. Yet considering the tine

enwolwsd, the force must he ensll. However, if sufficient tins is sllewed.

the question arises: will the cenentite 'hsll-vup' further in vein hound-rise,

end will the min boundaries themselves. tend to “hell-up“? Before sctmlly

developing the experimnt, the feet that the mount of cementite present

my alter the circumstances enough to elter the results, lust he considered.

fhus. another wsrisnt is introduced into the experinent, which is es follows:

three types of steel (.20! csrhon, .40! carbon, end eutectoid) were considered.-

Ehe eutectoid steel ens received in g, spheroidnl condition. !he .20! csrhon

end the .40; when steel were heeted to 185001, nir-cooled, rehested te 1950”,

end sir-cooled to plece the specinens in e fine condition. 'i'he three steels:

in this condition were then pleced in the furnnce end hested to 12605.

Iron tine to time the pieces were taken cut end emined, cud phetonicrogrephs

were suds. then the .40! when steel hed been subjected to the trestnent

for 209 hours end the .20; carbon and the euctectoid steel for 223 hours, the

ssnples were rescued.

the structures considered in the enperinent ere shown in figures 26-76.

h ohserwntion ehert is shown. (hble IV)



1‘10. NO.

36-27

28-29

30-31

33-33

34-33

33.37

38

39-40

41-42

45-46

47

48-53

54-55

mun

mmmrrmrm

3.1.1. 1040 after m1.

air cool fro- 185$}.

0.1.3. 1040 .11.:- 15 hrs.

at 1250*.

34.1. 1040 “3.: 24.5 we

.3 125001.

3.1.1. 1040 after 36.5 hrs.

at 1200”.

84.3. 1040 after 45.5 hrs.

‘3 IMe

84.1. 1060 after 57 hrs.

50 min. at 1250”.

84.1. 1040 after 52 hrs.

50 min. at 1250.,0

2001 steel about lutectoid

composition after 72 hrs.

1250”. Structure spher-

oidal 30 start.

BJJ. 1020 after a double

air quench fro. 1850".

followed by a heat at

1250”. £01? 72 hrs.

84.]. 1 after 72 hrs.

‘3 lzgubg’e

8.1.1. 1040 after a

spheroidising treatment

at 12500. for 15 hrs.

34.3. 1048 “t” 76 hrs.

‘3 1250 a

5.1.3. 1040 after 89 hrs.

30 min. at 125001.

0381371110! 30‘!”

Structure is very fine previous to

spheroidising treat-ant.

there is a tendency to spheroidise.

However, the spheroids are angu-

lar. lo novel-ant to the ferrite

pp. Only a few lanellae left.

Advance-ant of spheroidisin‘ process.

lots inter-ceasntits connections.

fhe spheroids are snll and have lost

their angular nature.

i'here is not much diffusion. fhe cen-

entite seems to be lengthening out.

Lengthing of the censntite particles.

rho ceaentite seems to be lengthening

into parallel rods.

fhe spheroids are larger. here are

a few indications of the spheroids

lengthening out.

fig. 35 shows the connection between

ceasntite particles.

11;. 56 shows cementite in the pain

boundary as a result of nee action

or surface, tension.

Parallelism of the censntite is notice-

able. !he grain boundaries still

exist.

A typical example of spheroidised

plain carbon steel.

Iargins have coalesced-lanollae

appear to run from the margins.

fig. 52 d 53 show cementite in the

grain boundary and also the appear-

ance of cementite in the ferrite

grain.

Tie. 54 shows the develop-ent of the

parallel structure.

11;. 55 illustrates censntite in the

gain boundaries.



HG. '0.

5695?

58-59

63-65

66

6'?

68-69

74-75

mu 1' (can't)

turn um um mm

54. ’e IMO $fter 98 ”Is

45 I111. at 1250°r.

10 I13. ‘3 IWe

3.1.1. 1040 .1.»- 119 hrs.

so min. at 1250°r.

84.8. 1040 after 132 hrs.

35 M‘s

84.1. 1040 after 148 hrs.

It 125Me

84.3. 1 after 135 hrs.

83 1250 a

84.8. 1040 after 148 hrs.

It 1250”.

54.3. 1040 after 153 hrs.

50 .111. ‘t IWe

84.3. 1010 after 209 hrs.

at 1250”.

is recieved spheroidal

eutectoid tool steel

after 238 hrs. 30 nin.

at 1250°r.

go‘ege 1030 at” 238 ”Is

30 I11. at 1250°r.

OBSERVATI0' IO!!!

fhe length of the cementite

particles scene to increase.

A snearing action of polishing seems

to predominate. However, the re-

lative increase in size is evident.

fig. 60 show an ennple of the parallel

cementite rods or plates.

fig. 61 illustrates this same point and

also the lengthening of the cemen-

313's

Illustrates the development of paral-

lelisn in the cementite particles.

8hows spheroids in the grain boundaries

and ceasntite in the ferrite.

8hows long develop-ant of cenentite

chain

Due to the cenentite and min bound-

ary has apparently increased in

size.

the developaent of a lanenated censu-

tite together with partial coale-

scence is noticed.

Develop-ant of the ceasntite lanellae.

fig. 71 shows colascenoe of lansllae

with spheroids in the grain bound-

me

A little developnsnt ofthe laninated

structure is noticeable but it is

exceptional.

lvidentully all the ceaentite has

nig'ated to the grain boundary.



figs 26 ' ‘16. 27

Mag. 950 X Mag. 1905 x

Mag. 955 x ' Mag. 1905 x





  

 

 

  
 

 
 



Fig. 50 11g. 51

Mag, 1905 1 ‘ Mag. 3075 K

Fig. 52 ._ Fig. 55

Mag. 7910 x ‘ Mag. 1910 x
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Fig. 54 . Fig. 755

Mag. 1905 X Mag. 1905 X

Fig. 35 Fig. 57

Mag. 2450 x '1ag. 950 x
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Fig. 38 Fig. 39

Mag. 1905 X Mag. 800 A

Fig. 40 _ Fig. 41

Mag. 1600 X _ Mag. 1905 X
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Fig. 42
Fig. 43

Fig. 44

Mag. 1905 1
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Fig. 45

Mag. 1905 X

Fig. 46

Mag. 950 X.
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Fig. 50 Fig. 49

Mag. 1890 X 10:. 2040 1

11g. 47 Fig. 48

Mag. 580 A . hag, 870 X -
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Fig. 51
Fig. 52

hag. 1910 X Mag. 1905 1

Fig. 53

Mag. 19C5 X
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F16. ‘4 Fig. 55

Mag. 1905 X Mag. 1905 X

Fig. 56 ' Fig. 57

Mag. 950 X Mag. 1905 X ,
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Fig. 58 Fig. 59

Mag. 1905 X Mag. 1905 X

Fig. 60 Fig. 61

Mag. 950 X gag. 1905 X





 

 

 
 

 
 

 

    

   



Fig. 6? fig. 6?

hag. 950 1 Meg. 1905 1

Fig. 64 _ Fig. 65

mag. 1905 X Mag. 1975 X
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Fig. 67

Mag. 1905 X

Fig. 66

Mag. 1905 X







Fig. 68. Fig. 69

Mag. 950 X Mag. 1905 X

515. 70 Fig. 71

Mag. 950 x ' Hag. 1905 X
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Fig. 72 Fig. 73

Mag. 7175 X Mag. 1905 A

F160 76

Hag. 950 X

‘Fig. 74 Fig. 7

r

Mag. 950 x Mag. 1905 x
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It my be generalized fun the data obtained in thin laet experiment,

that in low carboned eteele, in particular, cenentite ie precipitated to the

grain boundariee after a long heat treatment below the lower critical. Further,

that in eteele ether of eutectoid nature, ceaentite tende to nipate to the

grain bonndariee. i'he epeed' with which ceaentite or the carbon nigratee at a

teqerature Juet below All depende largely upon the aaounte coneidered. Ehie

ie evident by the fact that after 238 honre, the epheroide rennined ae euclin

eutectoid eteel. lhereae with low carbonateel, ae hae been ehown, ligation

taken place quite rapidly.

It hae been the firn conviction of neat anthoritiee that cementiteie

very hard and brittle. Beaveur euae up the general thought predominate fren

the tine of Howe to the recent, by eaying that, 'Oeaentite ie an extremely

hard eubetence, being in not the hardeet of all the conetitnente coming in

iron and eteel, harder even than hardened, hit carbon eteel.‘l Howe etatee

that it ie harder than glaee and nearly ae brittle. he it ecratchee feldepar

and not quarts, it ie generally aeeigned to rank of 6.5 (lohe ecale ef hardneee).

Othere have endeavored to deternine the exact hardneee, indicating euch

‘ hardneee ae hid: an 8.20 Brinell ae the true value. Yet the writer hae found

evidence upon different occaeione iich would indicate that cementite, or euch

ae we know it, ie not alwaye hard. If the hardneee of ceaentite doee very,

then the ceaentitic etructuree likewiee varying, will affect the eteel. In the

ease faehion the cenentic etructuree which are being etudied ehonld vary.

In order to deternine the hardneee of the oeaentitic forntion, a micro

character hardneee nachine wae firet need. However, it no econ evident that

euch a device could not eerve the purpoee. fhe reeulting ecratch wae nuch too

large. So that any relative difference that night exiet between the enall

formation wae completely nullified by the large force broofit into play at the

point of the diamond need to ecratch the epecinen. In an effort to overcue

thie difficulty, varione nethoda were devieed. finally, the following wae need

to determine the relative hardneee“: the eagle to be teeted wae poliehed in

euchannnerthat



nnetched, the ecratchee ran in one direction only: the ecratchee did

not go eo deep tht they could not be rmved by the etchant: the eagle

wae ecratched at a 90° angle to the poliehing ecratchee, the ecratch being

of the can swam ae the forntion coneidered. (an. hardneee obtained

by thie aethod ie one of abraeien. the reenlte of couree can not enbetitnte

for the other forne but a difference in the abraeive hardneee muet indicate

a difference in the conetitnent caueing the hardneee. further, the anther

ie trying to ehow a relative difference between the varione ferne of

ceaentite and not an abeolnte hardneee of oeuentite.) Ihe nethod of hardneee

ecratching ie carried out by eaturating eone broadcloth with pure aetuyl

alcdal following an inpregnation with a few graine of Levipted Aldna

powder. i'he ennple ie then placed, etched eurface downeard, on the cloth,

and loved firmly about an inch and a half acroee the eurface. Ihe eharp

graine, held ae they are, act ae the diaaond point, cutting deeply into the

eoft nterial and ligtly into the hard. core nuet be need when ecratching

low carbon eteel, for the etched enrface ie deetroyed very eaeily. In the

cane of low carbon eteel it wae found that cheeee cloth, need a few tinee

previonely, would ecratch the eurface of the epecinen when rubbed acroee it

and to aid in dyying. In thin work inpuritiee which night canee niecel-

laneoue ecratchee nuet be renoved or elindnated after etching. In order to

avoid any extra ecratching that nifit ariee fro- drying with a cloth, after

waehing with a feet etrean of water, the' emplee were innereed in xycl and

then netlvl alcohol (nnet be pure or a film in left on the eurface) and

allowed to dry in the air.

the epeciaene of eteel teeted in the above manner contained .4“, .795-

.aofi, .905. .9”. and a 1.201 of carbon, in both the noun and epheroidal

for-e. Of theee it ie intereeting to note that of the two, the epheroidal

fern wae harder to ecratch, two and eoaetinee three ecratching operatione

being neceeeary to obtain ecratchee of the eane ngnitnde ae the fornticne.



10'

coneidering in detail the epheroidal etructnree for the five different

eteele, ehown in liguree 77-81, it can be eeen that the ecratch ridee

ever or around the cementitie epheroide in alaoet every once, deepite the

difference in carbon content. (the photo-icrographe ehown in I'igure 77

wae taken fre- a {IO-.80! carbon eteel, I'igure 78 from a .405 carbon eteel,

Iigure 79 iron eutectoid eteel, I'igure 80 front a .9” carbon eteel, and

I'igure 81 froa a 1.20! carbon eteel.) ‘l'here were a few caeee where the

ecratch cut throudi the ephercid, but thie wae an exception. (See Figure 79)

Undoubtedly, the cenentite ie a hrd conetituent: yet let ue turn our

attention to the eteele when the ceaentite ie in a laminated condition.

figure 82 ehowe a ecratch about the nine of the laaellae it ie cutting.

Oloee examination reveale that the lanellae are bent in acne caeee, not all

being cleanly cut. Such ie contrary to current enpectatione. If the

la-ellae are brittle, protruding platee or rode, they would chatter when

the fine point of the alunina pain conee in contact with it. In figure 83,

ehowing a .77-.eofi carbon eteel, the cuentitic lanillae did not crack or

ehatter, but were bent downward. Likewiee in both the .99; carbon ‘eteel

(I'igure u) and the 1.20% carbon eteel, (Iigure as) the lanellae were not

ehattered, cracked or ridden over,-they were bent. A conetituent alaoet

ae brittle ae glaee bent throng: a 45 to 90° angle! llcre etartliug than

that ie the fact that the ecratch while ploughing thru the cementite in

pearlitic areae, rode over the cenentite in the grain boundariee of the

hifi carbon eteel (Figure 85). l'hie eaae variation between the cenentite

in the grain boundariee and the pearlitic areae wae noticed in the low

carbon eteel. .

lvidently the hardneee of ceaentite nuet very.

lith a large difference enieting between the cenentite in the grain



Fig. 77

Ma.. 1905 K

Fig. 78

Mag. 1905 X
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Fig. 79

Mag. 1905 K

Fig. 80

Mag. 1905 x





  

  
 

 
 
 

 



Fig. 81

Mag. 1905 X
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Fig. 82

Mag. 1905 X

Fig. 83

Mag. 1905 X
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Fig. 84

Mag. 1905 X

Fig. 85

M85, 2980 X
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11

boundariee and that in the poerlite, there nuet be none noticeable

effect upon the ductile propertiee of ateele depending upon the location

of the ca-entite. In order to determine the exact effect theee cementite‘

ferntione have upon the ductility of low carbon eteel, epecinene of

5 inch head, 39% carbon, cold rolled eteel were prepared in the regular

unner for the Ieod iqact teete. All the piecee were heated in the

furnace to 1860” for one hour. they were then cooled to 1676”.

teriee 3 wae cooled rapidly throng the 5.34:1 range, but elow enoudi

to obtain pearlite. Seriee A wae cooled elowly through the ease range

taking at leaet two houre to cool to 1175, cooled in the furnace to roon

telperature. A2 and 32 were then heated to 1260‘! and held for one hour,

after which they were water quenched. A2 and n; were heated to 1260"]I

for one hour and water quenched apin. Iqact teete were then nde

following a nicroecopical examination. the reenlte are ehown in i‘able V.

mammncre

mnv

Ieod Inpact valuee Bckwell Herdneee lo. '39 Scale

i1 26.5 . 69.6

, 31 to . 78.6

1.2 44 77

32 47 77.6

1. 'fhe eiee of the pearlitic areae increaeee with the tine coneued

upon paeeing throndi the critical rangee 5'1 - 1,3 .

2. he formtion of the cenentite and the cenentito in the grain

boundariee between the pearlitic areae ie related to the epeed with

which the piece paeeee through the critical rangee.

3. ‘l'he anount of cenentitic precipitation at the gain boundariee

eurrounding the ferrite grain increaeee with the tine consumed upon
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paeeing through the traneforntion range.

Ihe hardneee of very elowly cooled eteel can be made to increaee

by heating to a point Juet below the lower critical and quenching.

Continued heating at a point below the lower critical decreaeee

the hardening qmlitiee elightly, following a quench.

here are epheroide of cdaentite precipitated .in the grain boundary

of low carbon ephoroidal eteele

fhe readineee with which co-entite (temperature at a point Juet below

the lower critical) nigratee to the grain boundariee in the preeence

of alpha iron ie governed by the mount of carbon preeent.

fhe hardneee of ceaentite variee. Ehie variation ie aoet noticeable

between the ceaentite in grain boundariee and that in the pearlitic

areaee

Ihat brittleneee of a couple cooled rapidly (elow enough to fora

poerlite) through the critical range ie leee than one cooled very

elowlye .

DIBGUBSIOI

Undoubtedly an explanation ehould be forthcoming. Iet the author

heeitatee to depart radically from the generally accepted theoriee to

enpalin the facte found in the expernental work. In eo far ae poeeible,

concurrent theoriee predominating at the preeent will be ueed‘ae a baeie.

However, the facte for the moat part are in theueelvee radical. lot that

they are new: rather they have been over-looked or aeeuned in the poet.

In order to explain them it will be neceeeary. to deviate fro- the general

thoudit a little.

it the outeet cognizance ie ado of the idea advanced by eoae, that

the etructure obtained by etching ie not the true etructure. fhoee who

advance thie theory believe that the etructure obtained by etching ie the
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reeult of a chemical action which aidit indeed Juetify their conclueione.

However, einco the cane baeic etructuree ehould give the wane final etructure

with the one etch, and einco the work preeented here .ybe comered with

the paet, the theoretical idea that the etructuree viewed are not the true

etruetln'ee will beeet aeide.

rerhape in coneidoring a poeeible explanation for the forntion of the

cenentitic filn, it night be well to review briefly the phenoaena, ae it

- ie generally underetood, that takee place an a epecinen of eteel ie elowly

cooled.

Above the upper critical, hypoeutectoid eteel coneiete of auetenite,

generally regarded ae a eolid eolnticn of carbon or iron carbide in go.

iron, which ie cryetalline in nature. it a eufficiently hid: tenperature

(18m ae wae need in the experinent) the auetenite graine will be hono-

genioue, altho the conpoeition uy vary from grain to grain. he the toner-

ature ie lowered to below the upper critical, alpha iron begine to fern.

me newly forned ferrite hae a certain amount of coaentite retained

nechanically within it, which einco it ie acre eoluble, in an iron, nigratee

upon elow cooling fro. the alpha iron. It ie believud that above the lower

critical conentite ie eoluble in alpha iron to a certain extent, eo that

not all the coaentite will pane over to the auetenite. it any definate

teaperattn'e equilibriu ie quickly eetabliehed between the cenentite in m

iron and that in the alpha iron. do the tenwerature ie lowered acre alpha

ferrite ie for-ed which will leave a onller anount of gnunn ferrite. lecee-

earily becauee the carbide ie more ecluble in an iron, it will becoae

increaeingly rich in the carbide an the temeratnre ie lowered. However, if

equilibriun ie to be eetabliehed at a lower temperature, aeeuning that the

partition conetant to ro-in conetant, then acre and more carbide will be

contained in the alpha ferrite. finally, a point will be reached where the

ferrite becoaee eupereaturated and null carbide particlee will co-ence to
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precipitate fro- the eolnticn. (fhe ecluhility of iron carbid in alpha

ferrite ie never great and nut become increaeingly leee ae the taperature

ie lowered.) According to J. E. Ihitely‘, thie precipitation will occur

in the regione of in.

Before reaching the lower critical the effect of varioue cooling

ratee upon the for-ation of alpha ferrite ehould be coneidered. In thie

diecuaeicn the cooling rate ie never coneidered ae being rapid enough to

fern any other etructore than nornal pearlite. rho work of H. C. E. carpenter

and J. I. Roberteon thrown acme light upon thie pcint“. Upon elow cooling,

alpha ferrite etartee to precipitate at the grain boundariee. lot entirely

around the auetenite grain at once, for due to phyeical differencee, heat

ie not radiated equally. Once the precipitation hae etarted the fomtion

of the alpha ferrite cryetal increaeee in nine an in the foraation of

cryetale from liquid eolnticn upon cooling over a long period of time. do

the rate of cooling in increaeed the formation of alpha ferrite takee place

at acre morons 'centere, than giving riee to mller cryetale. If the epeed

ie increaeed etill further, ferrite can be found to fora in the auetenitio

areae, tending to break it up. fhie viewpoint opene up an explanation of

the plate-like forntione of cenentite, for according to Carpenter and Robert-

eon, “large neeee of reeidual auatenite alwaye traneforne to pearlite, but

enll filne nay, under certain conditione, give rice to cementite. !hie i‘e

ferned when the particlee of reeidual auetentite are very thin. Under theee

condition, all the carbon in the auntenite traneforne to the plate of

ceaentite and the ferrite adde iteelf to the exieting cryetale.“

*1 Ooaleecence of Pearlite, Journal Iron and Steel lnetitntion lo. 2,

pp. 147, Sept. '29. '

'2 formation of Iorrite fron Auatenite, Journal of Inetitnte of Iron a

8*..1. '0o 1’ m0 363. .31.
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“for the forntion of ceaentitic filne , however, it in necennary

for all the carbon in the particlee of reeidual auntenite to for.

ceaentite about one center. fhin requiren tine for the neceneary dif-

funion to take place, and the fanter cooling the greater the tendency for

the ceaentite to fora at a umber of pointn, thun giving pearlite.“

Undoubtedly for ouch an explanation of ceaentitic filnn, the conditionn

are narrow, for the rate of cooling not be rapid enough to caune the eplit-

ting up of the auntenite grain and it aunt be elow enoufi to provide for

diffunion to take place. fro- their work it in apparent that they did not

ccnnider the for-ation of a fine ceaentitic film around the ferrite pain.

for did they connider the effect of panning thru the in upon the forntion

of the fill.

fo continue the dincunnion, at a point Junt above the lower critical

two phanee erint in equilibriu, auntenite and ferrite. fhether there in

a dintinct boundary neperating the two in a fleet quention. fheory and none

evidence would indicate that there in, altho to the prenent tine no proof

of ite exintence han been undo in every cane. It renninn for better

technique or better equipment to anewer thin quoetion. At the tn the

auntenite ruining changes to pearlite. fhin change according to J. H. hitely‘

taken place over a range of tanperaturen. fhe initial pearlitic formtion

taken place at the grain boundary when cenentite ntarte to precipitate there.

(figure '7) fhe came for euch a precipitation my be due to inoculation of

the nupereaturated eolnticn of m ferrite with minute ceaentitic particlee

precipitated from the eurrounding nupereaturated eolnticn of alpha ferrite

or. it my be due to nuclei of inpuritiee eituated in the grain boundariee

canning the precipitation. following the theory advanced by lhitely, the alpha

ferrite becauee nupernaturated with carbide with renpect to the cenentite.

" Ooalencence of Pearlite, Journal of Iron and Steel lnntituto, fo. 2

pp. 147, Septeaber '29. '
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fith the renult that the carbide in precipitated on the lanillae of the

pearlite at the enpenne of the gem iron eolnticn. fith continued

depoetion of canentite upon very elow cooling there will be little chance

for may new nuclei to fora, thue explaining the difference in etructures

obtained (figure'n 8 8: 9) upon continued nlow cooling thru the traneitien

ntage. fhe nrgine of the ldllae neat and coaleece, and eventually,

over a long enough peroid of tine, the cementite would. coalence into a

nee, which would account for the plate-like for-tion in the gain boundarien.

fhe cenentite in the grain boundariee between the pearlitic arean can be

accounted for by either the precipitation at the grain boundary of a cenentitic

nection which later developed, the neml lanenated extennionn at either end:

or by the growth in the grain boundary after the pearlitic .... no developed

and the nrginn have begun to fern. Since the proainant ntructuree have

been found in epeciaenn that have cooled rapidly, it in aneuned that the

for.» view in correct. Such an annunption doee not obliterate the poeeibility

that the latter my take place in elowly cooled nteeln.

Stead offern another ninilar explamtion for the large platen of con-

entite which fern in the grain boundariee. In dencribing the effect he etatee,

“the neriee of knob-like extreaitiee were not there when they come out of

eolnticn, and only became bulboun by coaleecence and negreption at none

tenperatm below the critical point. Had favorable conditionn for the

noveaent been allowed to continue for a much longer tine, the luenationn

would have neg'egated to ouch a thicknene that they would have Joined to-

gether to form a nolid meloping ring of nannive oenentite and poeeible

eepegated into a large nan."

fo the prenent tine nont non in thin field have turned their attention

to the cenentitic negregation and inter-pearlitic formtionn which have

" Journal of the Society of chemical Induetry, 1905 Volune mu
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already been diecunned. I. A. Atk:inn"I wan one of the firet to notice

the formtion of cementite around the graine of ferrite. He firet

noticed thin thru hie work done on wire drawing. Altho the exact cauee

for the phenomena wan not exactly clear to him, it neemn an if the

'ceaentite eegregaten formed after annealing (cold drawn wire) alwayn

ehown up at the gain boundary.“ According to him he concluded that,

'the fornation of cementite in mild eteel appeare to be due to the change

in grain nine taking place below the lower critical point Acl- an the

pearlite from which the cementite in formed in in an elongated form, it aunt

therefore have travelled by a procene of Solid. diffueion to the reformed

ferrite boundariee. fhe cenentite appearn to accmnulate at theee pointe,

and nepegate an filne partially surrounding the grainn owing to the fact

that the condition of temperature neceneary for eutectoid formation are

not present.“ Hie concluding statement would neem to indicate hie further

belief that the fornntion of cementite in the grain boundariee in in none

nanner connected with a change in grain nine. I'fhe nlow heating and cooling

annociated with pet annealing in particularly favorable for changen in

grain ninen, and, even if the temperature obtained exceedd the ‘71 point

and pearlite neperaten, the euheequent nlow cooling in often nufficient to

canne alterationn in grain nine and forumtion of cenentito.‘I

Later, in the name year, Ihitley publiehed a paper, innocent of

Atkin'n work, indicating the formation of cementite in the grain boundariee.‘2

fo illuntrate hie point, a eagle. wan cooled elowly from elevated tenperature

to room temerature; reheated to 1260°f, held for one hour and quenched in

water: the piece wan again reheated to 1260”, held for one hour and quenched

again. Upon examination of the lant piece, according to him, npheroidn of

‘ Journal of Iron d Steel Inntitute, lo. 1, p 443, 1927

‘2 Journal of Iron a» Steel Inntitute, lo. 2, 927
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ceaentite appeared in the grain boundariee while there had been none in

the firet eagle. He explained thin by naying that upon heating to 1260°f

the carbon by rapid nigration proceeded to go to the grain boundary where

it appeared an npheroidn.

fhe work of both theee non han thrown a goat deal of lidlt upon the

precipitation of cementite in the grain boundariee. However, it in the

author'n belief that certain pointe have been overlooked which are necennary

for a clearer underetanding of the problem. Before coneidering theee let

ue turn our attention to the eoluhility of canontite in the alpha ferrite.

Indeed the previoue theoretical diecueeion would lead one to conclude that,

en elow cooling at leaet, alpha ferrite my contain none cementite in

nolution below the “’1‘ In what temperature the carbon in eoluble in alpha

ferrite, ie etill ill-defined. However, experimental work done- recently my

clarify the point a little and at leaet indicate the eclnbility of carbon in

ferrite. new etated in 1925.1 that in ordinary eteele alpha ferrite

contained an much an .06! carbon in eolnticn. During the name yaarpuhlinhed

a paperz indicating that between .04 to .055 wan peeent. fwo yearn later

famura publinhed an’account of hie work“ indicating that alpha ferrite cen-

tained .034 carbon in alpha at the 11 point. whitley verified thin the

naae year by etating that he had found from hie experimente, that a nice

cooled npecinen contained only .Ol$ cementito in eolnticn. Upon heating

there wan very little change until a teqerature of 6 30°§ wan reached at

which point a little more wan dienolved. At 720° 6, the count of cementite

that one taken into nolution reached .05;

1 Journal of Iron a Steel Inntitute, 1926, fe.2, f 313

2 'l'he Phyeical Cheaietry of Steel flaking Prooeeeee', franeactiene of the

farady Society, 1925 Vol. m f 272

3 Journal of Iron 8. Steel Inntitute, lo.1, 1927 f 747
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fith thin in mind it in reanonable to nuppoee the carbon becoming

leee eoluble upon elowly cooling in precipitated at the grain boundariee

an neen in figuree 10 and 11. fvidently thie precipitation taken place

elowly for in the epecinen cooled more rapidly than that referred to

above, but elow enough to obtain pearlite, there wae no appreciable

ascent of cementite to be found in the grain boundariee. (figure 12)

Horeover, aeeuning the general accepted theory to be true, taht a fine

dieparnion of cenentite increanee the hardneee, we are led to believe upon

examining the hardneee valuee preeented in fable I, that carbide particlee

in the nore rapidly elow cooled piecee are uchanically held in the ferrite

grainn. An if to 'verify further, it wan noticed after reheating to 1260”, .

holding for an hour and quenching, that the hardneee of the piece eqnlled

that of the more rapidly elow cooled piece. lvidently carbide particlee

redineolved into the ferrite and were held in the ferrite graine. Peculiarly

enough, there did not neen to be nuch change in the nine of the grain boundariee.

(figuren 10, ll, and 13) Yet there wae a nmrked decreane in urgine nut-rounding

the pearlitic areae, which would indicate that the carbide came from there.

he reanon for a preferential dieeolving of the cementite from the pearlitic

areae in unanewerable for no further eqerinentation nae carried out along

thin line. It in entirely poeeible that a phenomena of eqmligation wae taking

place between the cementite in the pearlitic areae and that in the grain

boundariee. A diecueeicn a little latter ehould nke plain the reanon for

thin belief.

Heheating after the firet quench ehould favor the precipitation of the

cenentite particlee. However, the phynical nature of the ferrite graine

would not an an obetructing agent at low teqeraturen. An the tenperature

increaeed it hae been indicated that the eolubility increaeed, a nrked

- C

effect taking place in the neidlborhood of 6 30°f. fhie would account, theo-

retically, at leaet, for a precipitation of the particlee at the grain
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boundariee if the epecinon in held for a long period of time below

e 30% (1150°f). However, an ordinary heat to 12500! would not permit

ouch a phenomena to take place. he alpha ferrite would becone fairly

well naturated with carbide, but no appreciable precipitation would take

place. i'he effect of ouch a treatment upon the cementite in both the

pearlitic areae and the gain boundariee would be to canoe coaleecence.

(figure 16) In the light of thin it would be expected that there would be

little or no opherodioing in the fine grain boundariee of the rapidly

cooled piece in ouch a nhort epace of tine, becauee of the emll amount

of cementite preoent. fith ouffioient time at a temperature below “'1’ the

amount of cementite in the grain boundariee will increane becauee nigration

by neano of the naturated alpha eolnticn will take place betwun the pearlitic

arena and the grain boundariee. fhie- in born out by obeervation. Upon

continued heating Juot below the critical there in a elcw migration of

cenentite from pearlite to the grain boundariee. Undoubtedly, the firet

formtionn to appear are npheroidn but with a longer heat treatment the

boundariee fill out an in figure 59.

Atkino, an otated previouely, indicated the formtion of contentite

in the grain boundariee of cold drawn wire after annealing for long pericdo

of tine. Although he did not know exactly what to attribute the canoe,

believing that it wan connected in none mnner to a change in grain nine,

he recognized the formtion. coneidoring the formtiono in the light of

the foregoing diecueoion it met have been due to precipitation phenonena

following a long annealing and cooling precenn.

J. H. fhitely on the other hand indicated that the cementite formed

in the gain boundariee an npheroidn. He recognized the fact that cementite

in ooluble in alpha ferrite ao hie previoue otatemento would indicate.

Apparently he overlooked the factathat upon olcw cooling, cementite dio-

oolved in the alpha ferrite, my be precipitated at the grain boundariee,



altho he admitn he hao found that the nolubility of cementite in alpha

iron at 720°C (1328”) in .oofi, while in a olew cooled epecinen it in .01‘.

fhe renult in that he is faced with the tank, for which he hao been newerly

criticized, of contending that at one time alpha ferrite at a point Juet

below the‘lower critical will dioeolve cenentite and at another precipitate

it. further, to back up thie contenetien he reacheo the concluoion that

the carbon or carbide particlee are able to diffuee at a rapid rate through

the alpha iron without panning into eolnticn. It in entirely poeeible that

cementite particlee in the pearlitic area my pace to the gain boundariee

by going into eolnticn ao clearly demonetrated by the previoue experiment

illnetrating the effect of a long heat treat-ant upon low carbon eteel,

but thie cannot be accomlinhed in a ehtrt tine. fvidently he in aware

of thin and unfortunately reoorte to the neemingly impooeible explanationo

to fit in a few of hie facte.

Conoidering the time necennary to epherodioe a oample, it in not

ourprizing to find cementite in the gain boundaries of low carbon eteele

upon etching, In coneidoring none working explanation it nuet be renonbered

that the amount of the two conotituentn lavea mrked effect upon the

formation of the gain boundariee. At the outeet, after air quenching, it

in aneumed that the ceaentite in well dintributed throughout the. individual

gain. Quite natumlly it in to be expected aloo that, following the rapid

cool, an in the cane of the rapid olow cool, the ferrite in naturated with

oeaentite. Heating the epecinon at a point Juot below the lower critical

would not favor the dioeolving of an acre cementite in the naturated ferrite.

However, it doee promote depooition and coaleecence between the nuclei

ncattored in the gain boundariee and the gaino. After continued heating,

npheroidn begin to appear. from the work carried out precipitation doea.

not apparently occur along the gain boundariee until after the npheroidn

I.” been well found. he equiblibrim between the carbide nuclei in the



ferrite mod the pearlite in undoubtedly oueeptiable to reaJuotnent upon

reheating to a temperature below A1.1 that will allow ouch a proceoo to

take place. Carbon in depooited upon nuclei in certain looalitiee: from

the ferrite eolnticn. i'hio omblee the eolnticn to take up more carbide

at the erponee of the nmller nuclei. ‘

Iith time the forcee of the two comonentn, cementite and ferrite,

ohow a decided effect. In what manor thin taken place, the writer in

adnitedly at a lone to explain. fat from experimento it in evident that

with inoreaeingly larger anounto of carbon up to the eutectoid ratio, the

conotituentn tend to balance each other. me in brought to attention,

mrkedly by etching a oample of eutectoid eteel oubJected to a epherodieing

treatment for 238 houre, a peroid of time in which under the name conditionn,

the cementite of a .20! carbon eteel wan precipitated entirely at the gain

boundariee. (figm'ee 7d d 78) After a deep etch, a fine localised condition

nhich apparently one a gain boundary wae noticed. fa be euro there one a

localized etrin‘ging out of the cemmtite particlee (figureo '72 d 73) yet it

had not reached the proportiono that it miglt be conoidered to envelope a

gain of ferrite. Iith a lowering of the carbon content the carbide in

apparently forced to the gain boundary an if the men action of the emeeeive

ferrite wan to 'oqueene' the cementite to the gain boundariee. Some inveot-

iptero believe that it in a mtter of eurface tenoion that oaueeo the fern-

ation of cementite at the gain boundary. Whatever the force in that cannon

carbide to precipitate at the boundary, we my aooue that the nigation

taken place at the expenee of the npheroidn, einilar to the migration from

nuclei to nuclei.

If cementite in a definite compound expreooad by the formula fezo,

than an explanation of a difference in hardneee obtained in the experiment,

beconeo an imoeeibility. 0n the other hand, if the baoie for aeoming

that the formula fe30 in week then perhnpe another line of reanoning in



opened. Indeed, ouch none to be the cane. In 1885 ole'Lxl dencribed the

recovery of pure carbide and following mthemtical calculationn baoed upon

‘the per cent carbon and ferrite preeent, he concluded the conotituent carbide

to have the formula fest. However, I. D. Camboll indicated by chemical

analyoio that there one more than one carbide preoent in plain carbon eteel.

He even went no for an to indicate that in annealed eteel the neon molecular

weigt of the hydrocarbonn evolved, hence, preeumnably of the carbiden from

which the hydrocarbon are devived decreaoeo an the percentage of carbon

increanee: that carbiden exioting in hypereuctectoid eteel have a geator

molecular weight than thoee in the hypeeutictoid, and that in a given eteel

the mean molecular weight of hardened eteel in lower for the name eteel

annealed. more are my metallurgietn who never took kindly to Campbell'e

findinga. Some believe that hydrocarbonn are not indicatore of chemical

ccmbinatione, but of a phynical relationohip. Rejecting the idea that

cementite ie a definite compound fegc, two methodo of explanation are avail-

able; firet, that cementite coneiete of varying numbere of carbiden and

oecondly, that cementite in a oolid eolnticn.

Should cementite coneiet of varying amountn of carbiden, then two

anglon of approach are available. he one would hinge around the idea

advanced by Jefferiee2 that in auetenite, carbon erioto an a free atom

in gen. iron. Ae carbon eteel auetenite coole elowly from above the

critical temperature range, it trannforme into alpha iron and the iron

carbide. fhe carbide ie ouppoeed- to form from the atone of carbon and the

atome of iron after changing from gala to the alpha etate. fhe formtiono

l. Jourml of Iron d Steel Institute 1914

2. franoaction by ie 88". larch 1928



and cryetallioation undoubtedly taken place einultaneouely. Yet euppoee

more than carbide in formed. It in reanonable that upon formtion,

coincident with diffueion of the carbon atom, that it would be precipitatede

If, on the other hand, the carbiden exieted in the auetentic condition no

moleculeo, they would aloo be precipitated upon reformtion following the

tranoformtion frm gun to alpha iron. fhie would account for a difference

in hardneee, but upon cloeer inepection, eepeoially in the hypereutectcid

eteele, it beconeo a very weak explanation. An the upper critical wan

panned upon cooling in high carbon eteele, cementite wan precipitated. out of

eolnticn. An the tauperature nae lowered etill mrther, more cementite

nan precipitated from the eolnticn. fhie action necennarily becomen a

etraiglt line function of the teuperature. fo date general obnervation of

the formtion of cementite in the gain boundariee eeeme to bear thin out.

Yet at thie point the idea of the formtion of oeveral carbiden beconeo

untemble. If the carbiden are already formed, their precipitation would

follow individual functione depending on each carbide. If they are gaded

in thin reepect, their compceit renult my produce an effect ninilar to

that obtained if one carbide exietn. Howuer, thie raieen a goat may

objecticno which would mke it deeirable to abandon the idea. ‘ In the name

manor it muet be believed tint a gaded effect exieto ehould the carbiden-

be formed after they are thrown out of eolnticn. Ao before the roracity of

ouch an idea beconeo doubtful. Until 'eufficient evidence would point to

the concluoion that such a gadional formtion taken place, it too, ehould

be held with mental roeervaticnn.

fhe oolid eolnticn theory, offern a little more oound explanation.

fo aide in thin explanation a oolid eolnticn will be conoidered ao being

an tooociation of ouhetancee, homogenouo througcut, the proportiono of
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whoee cononento can be altered gadmlly without the production of

abrupt cinngeo in the proportion ofthe name. In ouch a eolnticn, the

exact arrangement of the carbon atom in reepeot to ferrite atomo ie not

definitely known. fhe general aomticn in that the arrangment in a

phynical orientation of one or more carbon atomo in the epace lattice of

the oyetem. Upon cooling below the uppg critical the cementite, rich in

carbon, would be precipitated (Hypereutectoid eteel). lach oucceoeive

precipitaten becoming leaner in carbon until the lower critical wan reached.

fhe lamillae forming in the pearlite would necennarily be leaner than

theee found in the gain boundariee, thue eupporting the egerimontal

reunite.

Concerning the precipitation of cementite in low carbon eteel, aooming

cementite to be a oolid eolnticn, it my be eaid that the name proceeos taboo

place an in the higher carbon eteel. It in to be expected that a reaJuetnent

of the carbiden in both the gamum iron and the alpha ferrite taken place

continually upon cooling thrcudl the tranoformtion rangee. cementite rich

in carbcm will, after all the auetenite hen traneformed, tend to be eituated

in the alpha ferrite. Heceeoarily thin precipitate in the gain boundariee

will be a little harder than that in the lamellae. fhio in born out by

obnervation which indicateo the gain boundary in a little harder than the

cementitic lamollae in the pearlite. fxperimental evidence aloo eupporte

the foregoing explanation, that the cementite in the pearlite (not reaJuoted)

in of varying hardneeeee.

Short Di—oeueei-en of the firet Paragraph, ferrite Hrtttl-enena

fithout a doubt a goat deal of the ferrite brittleneno found in

eteel can be traced to the effecte of a long heat treatment Juot below the

lower critical. fhie heat treatment an hen been pointed out my coneiet of
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a very olow cool through the range below the lower critical or a pro-

longed annealing operation below the lower critical. It hen been nomad

in the pant that the elower the cooling operation or the longer the

annealing operation, the lone brittle the heat treated opecimon will be.

However, an hao been ehown, prolonged cooling or lengthy annealn below

the lower critical promote the precipitation of cementite in the boundariee

eurrcunding the ferrite gaine. Gonoequently, with a dieregrd for exactneee'

in heat the treatment below the lower critical, it in not to be wondered

(that, while identical heat treat-onto are given to heato of eteel above

the lower critical, they my very below the 11 point. fherefore, if the

heat treatment in finiohed at the lower critical, ferrite brittleneoe can

be expected in different eteele having the eame compooition and heat treat-

ment. In any cane, it my be concluded that more conoideration muet be

given to the phenomena that occure below the A1 while heat treating.
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