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SEVENTH QUARTERLY PROGRESS REPORT
on

THE TRANSFORMATION OF AUSTENITE UNDER EXTEANALLY APPLIED TENSILE STRESS

This report constitutes a sumrzry of work done with respect to an
electron microscopic study of the bainites of AISI 1085, 4340, end
1045 steels, isothermelly trensformed both under no stress and an
applied stress of 60,000 psi.

The temperature levels investigated were 450°, 535°, and 700°F
for AISI 1085 steel, 650° and 845°F for AISI 4340 steel, and 700°7
for AISI 1045 steel.

Experimental Procedure:
a. The Preparation of Replicas

The specimens were polished by conventional techniques and etched
lightly in saturated picral. A one-step replice technicue was used.
The replice solution consisted of one part of collodion ani threo
parts of amyl acetate. The replica was subsequently shadowcast with
palladium et about a 30° angle. This was the final stage in the
preparation of the replica and after shadowing, the replica was
placed within the electron microscope.

b. Examination of the Re ca Under Flectron .iicrosco and the T
of the Pictures:

Ten pictures of each sample were taken. The initial magnification
used in taking thess pictures varied between 6,000 to 10,000 diemeters,
although in some cases pictures at magnifications as low as 3,000
aiamaters and as high as 22,000 dieméters were taken.

The picture negatives were reverse printed. In msking the
positive prints, the intermediate negatives were generally enlarged
twice 1n diameter using projection printing technique.



c. Interpretstion of the Blacl aad Varylng Shades of Grey Areas
in the Prints: .

To aid 7n the iInterpretation of the blzck endi varying shades of
grey srees in the prints, & random print has been chosen and is shown
in Mg. 1, |

The picture coneists of a distribution of derk grey or black areas
in & lighter grey matrix. Surrouading every black area on one side
iz an aree of greylsh-white color widch is lighter than the generel
1ight grey backzround. These different arees of black, grey and light
Zrey in the picture can be better understood with the help of sketches
shown in Figs. 2 (a) and 2 (b).

Fig. 2 (2) illustrates the appeerance of a gpecimen after & layer
of plastic hss been poured on the etched surface. The etchint has
attacked end dissolved the ferritec metrix to e grester degree than it
has attacked either the cementlite particles or the inclusions. Thus
the cementite perticles end the inclusions eppear to be raised on the
surfsce.

fg. 2 (b) shows the plastic replica after it has been stripped
off the specimen surfece &nd shadowed.

The projecting cementite particles and inclusions result in depressions
of verying denth and width in the plestic replica after it has been
stripped off the surface. The speclmen surfece hes been shadowcast with
pelladium et an angle of about 30°.

hen the palladium metal evaporates, it deposits on the surfece of
the replica #nd on some parts of the depressions in the surfazce, depending
on the angle of shadowing. Wherever tae angle ol shalowlnyg increases

above 30° due to the geonmetry of the surface, the amount of metal denssited



becomes lerger than the smount deposited uniformly on the surfrce whlch
is at 30°, Twis is schemetically shown in Fig. 2 (b).

When en electron beam is 2llowed to pess through a shedowed replica
like the one shown in Fig., 2 (b) and mede to react with & piotograpiic
emulsion, black end shades of grey zreass result in the negetive. This
is shown in Fig. 1l.

The electrons passing through the uniformly distributed layer of
ﬁalladium on the flat surface of the replica (which corresponds to the
ferrite matrix in the structure) produce 2 uniform grey beckground in the
negetive. The depressions in which palladium eould not deposit, allow
the electrons to pass through unobstructed, producing the black areas
in the negatives. ' Portions of the surface, especielly sides of the
depressions in the replica, receive & much heavier corting of palledium
than the average end these portions of the replice allow fewer electrons
to pass through, resulting in lighter grey zreas in the negative. As
mentioned'above, an intermediate negetive 1s mede of each original negative
and prints are then made from this intermediate negative. Thus,
in the prints, an exact sequence of black end shedes of grey ereas is
obteined, as observed in the original negetive.

d. Study of the Electron-Photomicrogrephs:

1. 1085 Steel Isothermelly Transformed st 7002F.

A sories of electron-photomicrographs for 1085 steel et the upper
bainite transformetion tempersture of 700°7 under no stress and a stress
of 60,000 psi is shovn in Figs. 3 end 4, respectively.

It can be observed from these pictures thet the structure of bainites
formed under no stress end en applied stress are very similcr. The size
and distribution of cementite particles in the ferrite metrix are not

noticeably affected by the applied stress. Most of the apparent difference
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in size of the cementite particles is & result of the differences in
orientation of the cementlite particles with respect to the plane of

polish. Mgs. 3 (d) and 4 (d) illustrate the errangement of the cementite
particies inside colonles ingrains. There is little evidence of any distorted
or unorganized structure in the colonyboundaries. In both Fiss. 3 (d) and

4 (d), the cementite platelets inside the colonies have pronounced directional
orientation, Indicating +het this directional effect 1s not caused by the
epplied stress.

2. 1085 Steel Isothermelly Transformed at 535°F1.

A series of electron-photomicrographs for 1085 steel st the lower bainite
transformation tempereture of 535°F is shown in Figs. 5, 6, and 7.‘ Mg. 5
11lustrates a bainitic structure formed under no stress. Figs. 6 and 7
i1llustrate hainitic structures formed under a stress of 60,000 psi, but for
transformation timnes of 750 sec. and 1800 sec., respectively. In 750 sec.,
at a stress of 60,000 psi, about 994 bainite is obtained; in 1800 sec.,
under the same amount of stress, the transformation is complete. These
observations were mede in order to astudy the effect of a prolonged transfor-
mation time(much in excess of time required for a viriually complete
transformation (99%)) on the microstructure of bainite, as revealed under
electron-microsecone.

As observed in the upper Lainite structure, the size &nd distribution of
the cementite particles are virtuslly uneffected by applied stress at the
iower bainite transformetions as shown in Figs. 5, 6, end 7. The striking
appearance of several bainite needles in Fig. 5 (a) indicates that the
structure is lower bainite, since in the upper teinite siructure this pzttern
of afrangement of cementite particles is practicsily absent. 1In botir the
stressed structures shown in Figs. 6 and 7, no such distinct appearance

of beinite needles is evidenced, although in Fig. 6 (a), 7 {a), and 7 (c)



the needles are visible. The appearence of & needle-like errangement of
cenentite perticles on the specim:en surfaca is puirely e metter of chence,
for to produce a needic-like appesraznce, the plane of polish must intersect
a particular ne:dle in s speciel. way. Thls rar:ly occurs because of the
needles' random orientation. The orieniaticr of the cementite particles
insice a peedle it cbserved to he about 559 to the nezdle~-axls, the same
being observed by oinres workers. (1)

3e 2085 Steel Isothermally Treusformed et L50°F.

A geries of electron-photoid srographs of bainlte transfoiined at the
tenperature of .,50°F, both under 10 sirecs ind zn applied stress of
60,000 psi is showa in Figs. & und 9.

In this lower tainite structare a lerge nunber of nzedles is obrerved
in both the umstiressed snd stress-trensforacd structurés. The ususl
orientation of she carbide particles inside the needles, namely, the 55°
orientation with the needle axis, is s8lsc evidenced here. The needles
heve sherply ouzlined tiss end k2 cerbice partlsies, still meintaining
their characteristic orientatioi,jrsdually become smaller to accomodute
themselves vigh% up to tae tip of the noedle. This Is clearly indlceted
in Fig. 8 (c).

In Mgs. 8 and 9, emall erces of murtensile indicete the prior
existance of austenite vhlch wai3 antrensfommed when the transformation
reactions were stopped by quunchlag in zr ajr blast. idartensitic
areas, like carblde particles, belng more resistant to the etteck of the
etchent thar ferrite, appear in taece pl.cturos as raised (or depressed)
areas from the general curface of tre ferrifio metrix. In such e martencsite

area in fg. 8 [c), one observes a deprescion, which tiius corresponds to a

{1} Repcrt o7 Comaittee -4 on detallogrrptvs  Prog. jer. 0. Ceibilag oo sl

50, s4Z (1950) ’
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suall bainite area. In this bainite area, no detectable amount of carbide
particles is present in the ferrite matrix. This is because ir the
limited area, the amount of carbide particles precipitated 1s very small,
and their orientetions are such that the plane of polish does not
intersect any one of them. The size and distribution of the carbide
particles seem to indicate that the cerbide particles shown in Fig. 8 (c)
are slightly larger then tiocse shown in Fig. 9 (c).

he . 4340 Steel Iscthermally Transformed at 845°F.

A series of electron-photomicrographs of beinites of 4340 steel formed
under no stress and a stress of 60,000 psi is shown in Figs. 10 ¢nd 11,
respectively.

In Fig. 10 martensite 1s present. This indicates that the time
of isothermal transformation (indicated below the electron-photomicrogranhs
in Fig. 10) was such that about 70-75% of sustenite transformed to bainite
et the temperature of transformation. On quenching, the remainéer of
the austenite transformed to martensite, es shown in Fig. 10.

In Fig. 11 one observes very small amounts of martensite. These
bainitic structures were formed under stress and,for the isothermal
transformation times indicated below the plctures, the transformetion
is virtuaily complete, i.e., about 95% for holding time of 10,000 sec.
and about 99% for that of 100,000 secs A comparison of the size of
ocarbids particles indiceates that in bainites formed under no stress
and a stress of 60,000 psi hald for 100,000 sec. carbide perticles are
probably somewhat larger than those in bainites trsnsformed under the
same oconditions of siress but for a time of 10,000 sec. only.

Occasional distributional effects have been observed in carbide
particle arrangements, both in the unstressed and stressed structures,
an exanple of whiéh 4s shown in Fig. 11 (a). In other respects the
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slectron-adsrostrustures of bainites forsed with and without applied stress
are practiocelly the smme.
5. AMO Oteel Iscthecsally Irsmsfizoeed sb GXOF,

AM“WWMM.MWu
650°F under no stress and a strees of €0,000 psd is shown in Pigs. 12 =8 13, -

These plotures indicate that the strusture of beinites formed with
snd vithout stress are very aimilar. The aiwe and dirtribution of the
cardide particles is csused by the random orientation of the needle end
carbide particsles with respect to the plene of polish. 4s in the case of
1085 steel, the carbide perticles inside a needle are aleo oriented at
approximately an angle of 55° to the needls axis.

6. 1045 Steel Isothernslly Trangformed at T00°F,

A :srios of electron-photomicrographs of bainites of 1045 steel formed
under no stress and a stress of 60,000 psi 1s shown in Figs. 14 end 15,
respectively. In 1045 steel, as observed in other steels, the shape, sisze,
and distribution of the cementite particles in ferrite metrix in both the
structures formed nndef no stress and an applied stress are largely
1dentical. The absence of the charscteristic arrangement of the carbide
platelets indicates thet very few needles are present, probably because of
the relatively high temperature of transformation and low carbon content
of the stael.

L i

George L. Kehl
Project Director



Fij. 1 Electron-photomicrograph of bainite showing black and
varying shkades of grey areas.
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Fig. )} Flectron-photomiocrographs of bainite; 1085 steel isothermally transformed
at 700°F for 150 sec. undaor no applied stress
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Mg. 4 Electron-photomicrographs of bainite; 1085 steel isothermally transformed
at 70°F for 60 ses. under 60,000 psi stress
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Mg. 5 Electron-photonicrograpas of bainite; 1085 steel isothermelly transformed
at 5359F for 1500 sec. under no epplied stress
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Fig. 6 Electron-photomicrographs of bainite; 1085 ateel isothermally transformed
at 535°F for 750 sec. under 60,000 pel stress.
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Fige 7 Eleociron-photomiocrographs of bainite; 1085 steel isothermally transformed
at 535°F for 1800 sec. under 60,000 pei stress



Pig. 8 Electron-photamicrographs of bainite; 1085 steel isothermally transformed
at 450°F for 8000 sec. under no applied stress



Fig. 9 Electron-photomicrographs of bainite; 1085 steel isothermally trensformed
at 450°F for 3000. ses. under 60,000 psi stress



or>graphs of bainites 4340 steel isotharmally transformed

- no applied streas
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100,000 sec. 21,000

Fig. 11 Electron-photomiorographs of bainite; 4340 steel isothermally transformed
at 845°F under 60,000 psi strecs



Fig. 12 Electron-photomicrographs of bsinite; 4340 steel Zsothermally transformed
at 650°F for 1200 eec. under no applied stress



ce © 12,000 X de 31,000 X

Fig. 13 Electron-photomicrographs of bainite; 4340 steel isothernally transformed
at »509F for 120 sece. under 60,000 psl stress
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Fig. 1/ Electron-photomicrographs of bainite; 1045 steel isothermall, transformed
et 0°F for 80 sec. under no appiied stress
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F1g. 15 Electron-puntomicrograpis of bainite; 1045 steel lsothermslly trensforned
at T00°F for 20 ses., undar 00,000 psi stress
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