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SUMMARY

This report presents the progress made in an investigation of the relation=
ship between types of heat treatment and the elevated-temperature properties of
low=alloy ferritic steels for high-temperature applications. The work period cov-
ered by the report was from December 15, 1955 to March 15, 1956,

Complete data from a survey of the effect of hardness level on the high-
temperature properties of several typical microstructu‘reé of a Cr=-Ni-Mo (SAE 4340)
steel and a 1,25Cr=0, 75Si=0, 5Mo0=0, 25V (""17-22=-A"S) steel are presented.

Survey creep and rupture tests were run on several structures which were
tempered to a hardness of 350 BHN (X 20 BHN) so that comparisons could be made
with the results of previous identical tests performed on the same structures tem-
pered to a hardness of 300 BHN (Yt 20 BHN). The results indicated that all struc-

" tures of the '"17-22=A"S steel increased in strength properties at the higher hard-
ness level., The incr;zase was substantial at 700° and 900°F, but only slight at
1100°F., The ductility was invariably lower at the higher hardness level, The re-
sults of the tests on the SAE 4340 steel indicated that the only significant changes
in strength properties occurred in the oil=quenched, martensitic structure. Inthis
structure, the increase in hardness produced moderate increases in strength at
700° and 900°F and slight decreases in strength at 1000°F. The other 4340 struc-
tures experienced no significant increases or decreases in strength,

The general heat-treating characteristics of the new "17-22-A"V (1,25Cr~
0. 75Si=0,5Mo0-0,8V) steel were established in the form of an approximate isother-
mal transformation diagram, The diagram and photomicrographs of four isother=-
mal structures == as well as the oilequenched and the normalized structures == are
are presented,

Preliminary experiments designed to produce structures of mixed bainites
 in all three subject steels are described. The specific heat-treating conditions
selected for 4340 and "17-=22-A"V are presented, as well as photomicrographs of

the resulting mixed bainitic structures,



INTRODUCTION

This progress report, the second report issued under Air Force Contract
No. AF 33(616)=3239, covers work done from December 15, 1955 to March 15, 1956.

The present investigation is a continuation of previous work done at the Uni-
versity of Michigan for the Wright Air Development Center concerning the funda-
mentals of heat treatment of ferritic steels for service at elevated temperatures
in such spplications as jet engines and airframes. The major items presented in
the report include:

1, Complete data from the survey of the comparative high-temperature prop=
erties of 4340 and '"17-22-A"S steels at 300 and 350 Brinell hardness levels,

2, The general relationships between heat treatment and structure have
been established for the new steel added for the present contract, "17-22=-A"V
steel, in the form of an approximate isothermal transformation diagram,

3, Based on this diagram, a number of the treatments have been carried
out to prepare specimens for creep and rupture tests,

The previous work involved surveys of the high-temperature properties of
several low=alloy, ferritic steels in the form of forged rotor wheels and in the
form of bar stock given various continuous cooling and isothermal heat treatments,
The results of these studies are to be found in WADC Technical Reports 53=277-
Part I, 53=277=Part II,and 55-388, (References 1, 2, and 3)*

The steels being studied in the current phase of the investigation include a
Ni-Cr=-Mo (SAE 4340) steel, a 1,25Cr=0, 755i=0. 5Mo=0, 25V ("'17=22=A"S) steel,
and a 1.25Cr -0, 755i=0, 5Mo0=0, 8V ("17-22-A"V) steel, The phases of research

to be included in the investigation include: (1) completion of work initiated under

the previous contract on the effect of higher hardness level on the high tempera-
* References are given at the end of the report



ture properties of several typical structures for the three steels; (2) a general sur=
vey of the relationship between properties and structures of the new, higher stre
"17-22-A"V steel; (3) determination of the influence of transformation over a range
of temperatures, using stepwise isothermal transformations in the bainitic range
for all three steels; (4) an evaluation of the effect of an homogenization normalize
prior to final heat treatment; and (5) a study of the effect of various double heat
treatments to determine possible prior history effects on response to heat treat=

ment as measured by high temperature properties and microstructures.

TEST MATERIALS

The SAE 4340 steel being used is the same heat that was used in the previous
work, Additional '"17=22=A"S and ""17-=22=A"V stock for work under the present
contract were both supplied gratis by the Timken Roller Bearing Company,

The chemical compositions of the subject steels were reported by the manu-
facturers to be as follows:

Steel Heat C Mn Si Cr Ni Mo Vv

SAE 4340 19053 0.40 0.70 0.30 0.78 1.75 0.26 -
"17-22=-A"S 24797 0.30 0.63 0,60 1.25 0.25 0.52 0.25
"17-22=-A"S 10420 0.29 0.61 0,67 1.30 0.18 0.47 0.26

"17-22=-A"V 11833 0.29 0.70 0.71 1.43 0,31 0.51 0.81

PROCEDURES

The procedures employed during the period covered by this report may be
described under three topics: Effect of Hardness Level, General Survey of the
Response of '""17=22<A!"V Steel to Heat Treatment, and Development of Mixed Bain-
itic Structures, These correspond to items (1), (2), and (3),respectively, listed in

the Introduction,



Effect of Hardness Level

The procedure followed in studying the effect of hardness level on the ele=
vated-temperature properties was described in detail in the First Progress Re-
port, dated December 15, 1955, Briefly, several typical microstructures for each
steel were selected for creep-rupture testing at the 350 BHN hardness level so
that comparisons could be made with exactly similar tests which had been con-
ducted at the 300 BHN hardness level under the previous contracts.

The microstructures selected for testing at the 350 BHN level were neces=
sarily limited to those having an "untempered' hardness considerably above the

350 BHN level, For tbe SAE 4340 and '"'17=22=A"S steels the structures selected

were:
SAE 4340 ‘ | "17-22=A"S |
1. Oil Quenched . I. Oil Quenched 4, Upper Bainite
2, Normalized 2, Normalized 5. Middle Bainite
3. Lower Bainite 3. Lower Pearlite 6. Lower Bainite

These were suitably tempered to produce a hardness of 350 BHN, Survey type
creep and rupture tests were then conducted in the temperature range of 700° to
1100°F. |

The details of the heat treatments used to produce these structures at the

350 BHN (t 20 BHN) hardness level are given in Table I,

General Survey of the Response of "'17-22-A"V Steel to Heat Treatment

Isothermal Transformation Diagram:

As the initial step toward an understanding of the heat-treating characteris=-
tics of the new 1.25Cr=-0,755i=0, 5Mo0=0,8V (''17-22-A"V) steel, the (approximate)
isothermal transformation diagram was determined., The work involved in the "S"
curve determinatidn constituted a major part of the experimental work accomp=-
lished during the period covered by this report, The details of the procedure fol=-

lowed are given on the next page,



Approximately 100 samples were prepared by cutting 50 = 3/16-inch thick
wafers from a l-foot length of l=inch round bar stock and then cutting each wafer
in half, A small hole was drilled near the periphery of each sample so that it
could be attached securely to the end of a 2-foot length of 14 gage chromel wire.
The samples were divided into groups of 10, each group being used to follow the
transformation of austenite at one given temperature,

The course of the decomposition or transformation of austenite at any given
temperature was determined as follows: A group of ten samples was put into an
electrically heated furnace (air atmosphere) at 1850°F, After 30 minutes the
samples were withdrawn from the austenitizing furnace and quenched into an
agitated molten salt bath maintained at the given transformation temperature by
external electric resistance coils, At various, predetermined times throughout
the course of the transformation a sample was withdrawn from the salt bath and
quenched in water, The transformation times were selected with the aid of the
"S" curve for "17=22=A"S steel which is somewhat similar in composition to
"17-22-A"V, Each sample was numbered after it was quenched from the salt
bath., The semi=circular wafers were again cut in half so that the freshly cut
surface could be polished for metallographic examination, All ten samples were
mounted in a single bakelite mount, hand polished, etched with 2% nital, and ex=
amined under the microscope with magnifications up to X1000 diameters. Itwas
assumed that the sample in which the first trace of transformation product was
visible at X1000D and the sample in which the last trace of martensite® was vis=
ible at X1000D corresponded to the initiation and completion of the transforma=
tion, The transformation times of these two samples were plotted on a tempera-
ture vs, log transformation time diagram,

This procedure was repeated for each group of 10 specimens, covering

transformation temperatures from 600° to 1320°F in 100°F or less intervals.,

* Representing the last trace of untransformed austenite,



The curves drawn through all points representing the start and the finish of the
transformation at each temperature constitute the isothermal transformation dia-

gram,

Design of Heat Treatments:

The types of heat treatments used to produce the various microstructures
of the low~alloy, ferritic steels previously studied for this investigation have in=-
cluded:
1. 0Oil Quenching and Tempering
2, Normalizing and Tempering
3. Isothermal Transformations to
a. Upper Pearlite
b. Middle Pearlite
c. Lower Pearlite
d. Upper Bainite
e, Middle Bainite
f. Lower Bainite
Structural differences within these basic treatments which have been studied include
variations in:(1) final tempered hardness for all structures; (2) austenitizing temp=
erature for the oil=quenched and the normalized (0, 8~inch rounds) structures; and
(3) effective section size (0, 8-inch and simulated 3- and 6-inch diameter rounds)
for the normalizing or air=-cooling treatment, It is planned to include all of these
in the "17=22-A"V survey.
The procedures followed in selecting the specific conditions for the heat
treatments were as follows:
1, The same section sizes as were used in the previous studies were se=-
lected,i.e., 0.8-inch rounds for oil quenching and normalizing, and 0,4-inch

rounds for the isothermal transformations. Insulating firebrick cylinders will

be used around 0. 8=inch rounds to simulate the air cooling of 3= and 6-inch dia=-



meter rounds.

2. Previous work on "17-22-A"V on a different project indicated that for
normalizing, an austenitizing temperature of 1850°F gave better properties than
1750° or 1800°F, On this basis, 1 hour at 1850°F was selected as the standard
austenitizing treatment for normalizing, To eliminate austenite composition, homo-
geneity, and grain size as a variable in the basic microstructures, the same austen-
itizing conditions were selected for the oil-quenched and the isothermally trans-
formed structures,

3. The transformation temperatures and times for the isothermal heat treat-
ments were selected by means of the isothermal transformation diagram deter-
mined for this heat of '"17-22-A"V.

4, The tempering conditions used to bring each structure to the final desired
hardness level were selected with the aid of terﬁpering curves (hardness vs, time
at constant temperature), Each tempering curve was determined by cutting a rép-
resentative, heat-treated bar into a number of slugs suitable for hardness testing
and tempering the slugs for vérious times at a constant tempering temperature,

The tempering temperatures were selected on the basis of past experience with a

similar steel but containing less vanadium,

Development of Mixed Bainitic Structures

Basically, the interest in the development of microstructures containing a
mixture of the upper- and lower-temperature forms of bainite resulted from the
knowledge that bainitic structures formed during continuous cooling (as in normal-
izing) are made up of an intimate mixture of bainites formed over a range of temp-
erature, It was believed that one step toward a better understanding of these struc-
tures could be gained through a study of mixed bainitic structures of known com-
position -- that is == composition with respect to kind (as determined by the temp-

erature at which they were formed) and amount (volume percent) of the bainites



present, It was also thought that certain controlled mixtures of bainite might be
found to possess high-temperature properties which are superior to those of any
of the bainitic structures tested thus far,

The suggested heat treatment for producing mixed bainitic structures was
simply to use two or more transformation temperatures in a stepwise, isothermal
treatment, Specifically, the sample would be austenitized in the usual way,
quenched into a salt bath at a relatively high bainitic temperature, held until the
transformation has progressed the desired amount, quenched into a second salt
bath at a lower bainitic temperature, held until the transformation has progressed
the desired additional amount, and so on until the sample contained the desired
mixture of bainites,

The isothermal transformation diagrams may be used in selecting the trans-
formation temperatures (which determine the types of bainite in the structure, but
the transformation times which will produce the desired amounts of the various
bainites must be determined by quenching out a series of samples at each of the
lower, subsequent transformation temperatures and examining them metallograph-
ically,

For the sake of simplicity and to avoid excessive losses in time in securing
additional equipment, structures containing only two kinds of bainite were selected
for study under this contract, All three subject steels will be studied in this re-

spect,



on which deformation the strength was based on,

Lower Pearlite (Tempered):

1. At 700° and 900°F, the creep and total deformation properties were both
superior for the harder condition,

2, At 1100°F the 350 BHN structure was stronger than the 300 BHN struc-
ture with respect to rupture, creep, and total deformation; but it was inferior
with respect to ductility, The difference was much greater at the lower stresses
suggesting the pbssibility that the low stress data for 300 BHN material is abnor-

mally low and should be checked,

Upper Bainite (Tempered):

l. The harder structure had substantially higher strength at 700° and 900°F,

At 1100°F there was little difference between the two hardness levels,

Middle Bainite (Tempered):

1. At 700° and 900°F the material at the higher hardness level showed
marked superiority with respect to creep and total deformation strengths,

2, The rupture data at 1100°F showed little or no difference in strengths
at 41,000 psi, but at 19,000 psi the 350 BHN structure was somewhat superiof.
The 350 BHN material exhibited inferior ductility as usual,

3. The creep and total deformation at 1100°F pointed in every instance

toward the harder structure as being slightly superior,

Lower Bainite (Tempered):

1. The 350 BHN structure tested at 700° and 900°F was greatly superior
to the 300 BHN structure with respect to creep and total deformation strengths,

2. At 1100°F the 350 BHN structure had only slightly higher rupture, creer
and total deformation strengths. The ductility of the harder material was inferio:

as usual,
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SAE 4340 Steel

0il Quenched and Tempered:

1. At 700° and 900°F the 350 BHN structure had the better creep and total
deformation strengths,

2. At 1000°F the softer structure proved to be somewhat superior with re-
spect to rupture, creep, and total deformation strengths,

3. The ductility at 1000°F was unexpectedly high for the 350 BHN material -

running from 10 to 80 percent higher than that for the 300 BHN material,

Normalized and Tempered:

1, At 700°F the 350 BHN material had inferior éreep strength and superior
total deformation strengths,

2. At 900°F the 350 BHN structure had superior creep strength and inferior
total deformation strengths,

3. In all cases at 1000°F the material at the higher hardness level exhibited

inferior rupture, creep, and total deformation properties and superior ductility,

Lower Bainite (Tempered):

1, The structure at the higher hardness level showed lower creep and total
deformation strengths at 700°F,

2, At 900°F the 350 BHN material exhibited superior rupture and creep
strengths but somewhat inferior total deformation strengths,

3, The data at 1000°F indicated that the harder structure had somewhat
superior short-time rupture and creep streﬁgths, but slightly inferior total defor-

mation strengths,
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General Survey of the Response of ""17-22-A"V Steel to Heat Treatment

Isothermal Transformation Diagram:

The approximate isothermal transformation diagram is presented in Figure
1. Thé general shape of the diagram is characteristic for this type of steel, That
is, it shows the ferrite and pearlite region (upper curves) separated from the bain=-
- ite region (lower curves) by a considerable range of temperature in which the aus-
tenite will not begin to decompose even after relatively long time periods,

It is of interest to note that the very short times to the start of the bainite
reaction below 900°F would limit the depth to which this steel can be fully trans-
formed to martensite,

Another interesting result of the isothermal study was the fact that the iso-
thermal pearlite observed in this heat of '"17-22-A"V did not have a well=defined
lamellar structure.w While a few instances were found in which the eutectoid mix=-
ture was somewhat lamellar, most of the time the eutectoid was simply a local
area darkened by a concentration of minute spheroids of carbides.

Microstructural studies revealed that austenitizing treatments of 30 to 60
minutes at 1850°F left a trace of the original carbides undissolved, The diagram

of Figure 1 therefore is based on material austenitized at a temperature slightly

below that required for complete solution of carbide,

Design of Heat Treatments:

The specific heat-treating conditions for "17-22-A"V which have been sel-
ected to date include four isothermal treatments based on the isothermal trans-
formation diagram, and the standard oil quenching and the normalizing treatments,

The heat treatments are summarized on the following page:



Structure

~ Section Size

12

Heat Treatment

0il Quenched
Normalized

Lower Pearlite

Upper Bainite

Middle Bainite

Lower Bainite

0,8-inch round
0, 8-inch round

0.4-inch round

0.4-inch round

0,4-inch round

0.4-inch round

1 hr, at 1850°F, Oil Quenched
1 hr, at 1850°F, Air Cooled

l hr, at 1850°F, Isothermally Transformed
at 1200°F for 5 hrs., Water Quenched

1 hr, at 1850°F, Isothermally Transformed
at 850°F for 2 hrs,, Water Quenched

l hr, at 1850°F, Isothermally Transformed
at 750°F for 0,3 hrs.,, Water Quenched

1 hr. at 1850°F, Isothermally Transformed
at 650°F for 0,2 hrs,, Water Quenched

Specific tempering conditions have been determined only for the oil-quenched

and the normalized structures at the 350 BHN hardness level., The tempering

curves for these two structures are presented in Figures 2 and 3. On the basis of

the curves, the tempering treatment selected for both the oil quenched and the nor-

malized bars was 2 hours at 1250°F,

Photomicrographs of the oil-quenched and the normalized structures are

shown in Figure 4,

The oil-quenched bar was essentially 100% martensite, There

were, however, a few spears of bainite at about the mid-radius of the 0, 8-inch

round, At the center of the round the martensite at 100 diameters appeared as

vai‘ying light and dark areas, This is believed to be due to chemical inhomogene-

ity.

The normalized bar was 100% bainitic, At 1000 diameters magnification the

structure appeared quite similar to middle bainite, At 100 diameters the effect of

chemical inhomogeneity again appeared as alternate light- and dark-etching areas,

Photomicrographs of lower pearlite and upper, middle, and lower bainite are

presented in Figures 5 and 6,

exhibit a definite lamellar structure,

The pearlite formed isothermally at 1200°F did not

Rather, the eutectoid mixture appeared

simply as small areas of closely grouped spheroids of carbide. The eutectoid

areas comprised approximately 5 percent of the microstructure--the remainder
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being ferrite,

The upper, middle, and lower bainite structures were similar to those ob-
served in the "17-22-A"S steel, At the higher temperature (850°F) the transforma-
tion to bainite seemed to stop after the first hour or two, making it necessary to
include about 40% martensite in the structure, At the lower temperatures (750°
and 650°F) the reaction went to completion in a relatively short time, giving finer

and more acicular bainite the lower the transformation temperature.

Development of Mixed Bainitic Structures

The preliminary experiments used in selecting the specific heat-treating

conditions for the mixed bainitic structures yielded the following results:

Steel Heat Treatment v Microstructure
SAE 4340 1 hr,.at 1750°F, Isothermally Transformed Step- 60% Upper Bainite
‘ wise at 850°F for 1 hr, and 650°F for 1 hr,, + 40% Lower Bain-
Water Quenched ” ite

"17-22-A"V 1 hr, at 1850°F, Isothermally Transformed Step- 60% Upper Bainite
wise at 850°F for 5 min. and 650°F for 45 min, + 40% Lower Bain-
Water Quenched ite

117.22-A"S 1 hr, at 1750°F, Isothermally TransformedStep-
wise at 900°and 700°F, The transformation times
have not yet been determined,
Photomicrographs of the mixed bainitic structures for SAE 4340 and"'17-22-A"V

are presented in Figure 7, The two kinds of bainite are readily distinguishable at

X1000D in the 4340 steel but not in the "17-22-A"V,
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DISCUSSION

Effect of Hardness Level

Strength properties of the various structures in the "17-22-A"S steel at the
350 BHN hardness level were generally higher than those observed at the 300 BHN
hardness level, The differences were substantial at 700° and 900°F; however, at
1100°F the differences, even though fairly consistent, were so small as to be hardly
significant, In no case was there any indication of a substantial reduction in strength
values as the hardness was raised from the 300 BHN to the 350 BHN level,

At 1100°F, the harder material generally compared more favorably in the
longer time, lower stress tests., The reverse might have been the case if greater
instability from higher hardness had been a factor. It is important to note, however,
that the specimens which ruptured at 1100°F all showed lower elongation and reduc-
tion of area for the harder material,

One factor which ought to be considered in judging the final significance of
the results for "17-22-A"S is that two heats of steel were involved in the compari-
son, All except three of the tests at 300 BHN were on specimens from Heat No.
24797, The other three tests at 300 BHN and all of the tests at 350 BHN were on
specimens from Heat No, 10420, However, because the data of the three ""common
heat" comparisons invariably followed the same trends shown by the "different heat"
comparisons, it is quite certain that the differences between heats were not large
enough to affect the trend of the influence of hardness.,

The results for the SAE 4340 steel are not so easily generalized. It is clear,
however, that in none of the structures tested was the 350 BHN material either
greatly superior or inferior to the 300 BHN material, The only comparisons in
which the 350 BHN material exhibited (moderately) higher strength values consist-
ently were for the tempered martensite structure at 700° and 900°F. For the most

part, however, the harder material was observed to have lower strength values as
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frequently as it was observed to have higher strength values,
The lack of a general superiority of the 4340 steel at 350 BHN over the same
steel at 300 BHN is attributed to structural instability, It can be seen from Table
I that the tempering conditions used to obtain a hardness of 350 BHN were much
less severe than those used to obtain a hardness of 300 BHN, The result was that
in 9 of the 13 tests conducted at the 350 BHN hardness level, the testing tempera-
ture was equal to or greater than the tempering temperature, It is quite likely
that the continued tempering of these specimens during testing resulted in a lowering

of their strength values,

General Survey of the Response of ""17-22-A"V Steel to Heat Treatment

There are several items concerning the determination and the applicability of
the isothermal transformation diagram which need some discussion.

The term '"approximate', as applied to the isothermal transformation diagram,
was intended to mean simply that certain portions of the diagram are not well de=
fined because of insufficient data, The accuracy of the individual data with respect
to the measured temperatures and times and the metallographic examinations was
considered to be good. Specifically, (1) the austenitizing temperature was controlled
to within £ 5°F of 1850°F, (2) each transformation temperature was controlled to
within T 3°F of the nominal value, (3) the transformation times were measured to
within t 1 second for the short times and to within t 1 minute for the long times,
and (4) two observers agreed upon the results of the metallographic examinations
of the "borderline" samples,

In using any isothermal transformation diagram it is important to note what
austenitizing conditions were used in determining the diagram, The reason for this
is that the positions of the lines in the diagram may be shifted considerably by large
variations in the composition, homogeneity, and grain size of the austenite. Since

the temperature and time of the austenitizing treatment are the major factors gov-
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erning these properties of the austenite, it is important to know the austenitizing
treatment used in the determination of the diagram, Heat to heat variations in
chemical composition and the other production variables can also affect the trans=
formation diagram,

In view of these considerations, it is advised that the isothermal transforma-
tion diagram herein presented was determined for Timken Heat Number 11833 of the
"]17-22-A"V steel austenitized at 1850°F for 30 to 60 minutes, starting from the as-
furnished (hot-rolled) condition, /and that under any conditions varying greatly from
these the diagram must be conilsidered as being only a "first approximation",

Several check tests were run using an austenitizing time of 60 minutes rather
than 30 minutes, No difference in the transformation times could be detected be-
tween the 30 and 60 minute austenitizing treatments, No checks were: made on the
effect of varying the austenitizing temperature, but it is estimated that the given
transformation diagram would be relatively accurate for austenitizing temperatures
as low as 1800° or 1750°F and as high as the coarsening tempe rature,

The microstructures of "17-22-A"V which have been developed thus far are
somewhat similar to the corresponding structures in the "17-22-A'"S steel, The
most salient difference in appearance is the much finer graih size of '"17-22-A"V,
In this connection it is interesting to note that the austenitizing temperature for
"17-22-A"V was 100°F higher than that used for '""17-22-A"S, The persistence of
the fine grain structure of the '"17-22-A"V at high temperé.tures is attributed to
the effectiveness of undissolved carbide particles as grain growth inhibiters.

Another notable difference between the two '"17-22-A" steels was that on
normalizing the 0, 8=inch rounds, the ""17-22-A"S steel was about 85% bainite plus
15% martensite, while the '"17-22-A"V was 100% bainite.

The shapes of the tempering curves (see Figures 2 and 3) for the oil-quenched
and the normalized structures of "17-22-A"V indicated the presence of secondary
hardening effects, This is what would normally be expected in a steel containing

appreciable amounts of carbon and vanadium,
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Development of Mixed Bainitic Structures

The microstructures observed in the specimens which were isothermally
transformed stepwise in the bainitic range were surprisingly different for 4340
and "17-22-A"V, In the 4340 steel, the high- and low-temperature forms of
bainite are readily distinguishable; whereas, in the "17-22-A"V steel the two
forms of bainite can hardly be distinguished., In Figure 7, the darkest as well as
the lightest areas in the 4340 ‘micro are the lower bainite; the medium-dark areas
are the upper bainite, This illustrates the difficulty in identifying the various types
of bainite in a single specimen with the aid of the microscope alone. The identifi=-
cation of the bainites in Figure 7(a) was accomplished by observing a serieé of
four samples which had been transformed 0, 15, 30, and 60 minutes, respectively,

at 650°F after the initial transformation at 850°F for 1 hour,

CONCLUSIONS

Effect of Hardness Level

1, Strength properties of the various structures in the '"17-22-A"S steel at
the 350 BHN hardness level were generally higher than those observed at the 300
BHN hardness level, The differences at 700°* and 900°F were substantial; however,
at 1100°F the differences were so small as to be hardly significant,

2. The 350 BHN structures in '"17-22-A"S steel at 1100°F tended to compare
more favorably in the longer time, lower stress tests.

3. Without exception the ductility of the '""17-22-A"S steel at fracture was
lower at the higher hardness level,

4, Strength properties of the oil-quenched and tempered structure in the SAE
4340 steel at 700* and 900°F were increased moderately as the hardness level was

raised from 300 BHN to 350 BHN, At 1000°F, however, the same structure was

somewhat inferior at the higher hardness level,
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5. The strength properties of the other structures in the SAE 4340 sfeel

were not consistently different at the two hardness levels,

FUTURE WORK

Future work will consist primarily of completing the heat treating and ma-
“chining of specimens, and conducting the planned program of creep and rupture
testing,

The other phases of the investigation involving the study of the effect of
(1) a prior normalize and (2) double heat treatments will be started in the near

future,
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X100D X1000D

(b) Normalized from 1850°F - 374 Avg. BHN

Figure 4, - "17-22-A"V Bar Stock (a) As Oil Quenched from 1850°F and (b) As
Normalized from 1850°F,
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(a) Isothermally-transformed at 1200°F for 5 hrs, 5% Lower Pearlite + 95%
Ferrite,

(b) Isothermally transformed at 850°F for 2 hrs, 60% Upper Bainite + 40%
Martensite,

Figure 5.~ "17-22-A"V Bar Stock as Transformed Isothermally to (a) Lower
Pearlite and (b) Upper Bainite,



X100D X1000D

(a) Isothermally transformed at 750°F for 18 min, 100% Middle Bainite,

(b) Isothermally transformed at 650°F for 12 min, 100% Lower Bainite.

Figure 6.- '"17-22-A"V Bar Stock as Transformed Isothermally to (a) Middle
Bainite and (b) Lower Bainite,



X1000D

X100D

(a) SAE 4340, isothermally transformed stepwise at 850°F for 1 hr, and 650°F

for 1 hr. 60% Upper Bainite + 40% Lower Bainite.

*F for 5 min, and
650°F for 45 min, 60% Upper Bainite + 40% Lower Bainite, '

(b)y "17-22-A"V, isothermally transformed stepwise at 850

Figure 7, - Mixed Bainitic Structures as Produced in SAE 4340 and "17-22-A"V
by Stepwise Isothermal Transformations in the Bainitic Range.
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