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IWTRODUCTION

Austenite, so naned by Osmond in honor of the late Sir Villiam
Roberts-Austen, is a solid solution in which face-centered cubic ganma
iron is the solvent and carbon is the solute. (16, 1) The solid solution
austenite is formed by heating a steel containinz between 0.0%% and 1.7%
carbon to the austenitizing temperature. This austenitizing temperature
is influenced by the alloys added to the steel and varies from 1330CF.
for eutectoid steels to 2075°F. for hyper-eutectoid steels. The austen-
itic range is impmortant because practically all heat treating starts
from tiis solid solution rangee.

Retained austenite, the austenite remaining at room temperature
after rapid cooling, is very detrimental due to its soft and plastic
nature when found witn hard martensite, wnich is the rapid transforma-
tion product. The subject of retained austenite reached new importance
during the war and in recent years has been very carefully studied. (21,
14) The decomposition products have been classified in tiree general
groupings——pearlite, bainite, and martensite. Of the three decomposition
products only bainite has received scant attention.

Some of the factors affecting tae retention of austenite are es
follows:

(1) Carbon content

(2) Quenching rate (quenchin: media)
(3) Austenitizing temperature

(4) Sub-atmospheric cooling

(5) Cold working



(8) Tempering temperature and time at temperature
(7) Alloy Content
(8) Stress conditions

This retention was first noted in the higher alloy steels—-
especially those contalning high manganese, nickel and chromium. This
untransformed product or retained austenite problem has been attacked
from many angles. Investigation with a Tukon micro-hardness tester and
many types of quantitative analysis have been tried. Some of the study
methods used are dilatometric, magnetic (20-25), electrical resistance
(24), X-ray (6), specific volume changes, hardness, and a combinetion
photosraphic point counting and lié%l analysis (23).

The first investizators thought that more austenite was retained
when tane more drastic quenches were used. However Saveur noted nearly
twenty years ago that oil quenches seem to give more of the untransformed
product (17). iany investiéators noted that quenches near the critical
cooling rate or those that were just fast enoush to yield all martensite-
gave the largest amounts of the retained austenite.

The suggested explanation for this phenomenon was based primarily
on the effect of stresses and stress distribution during quenching. This
beinz a very controversal problem, the ideas presented have been numerous.
Since austenite has a greater density than martensite, compressive stress
should prouote tie retention of austenite while tensional stress will
pronote its decomposition. However all evidence does not support this
view; it has been showm that oil quenching leaves more austenite at the
center while water quenchingz retains more on the outside surface. (30)
Still Scott reasons that oil quenching allows the martensite to temper

while cooling, which allows it to contract and thus sets up compressive



and tension stresses. This holds up the austenite transformation.
Epstein feels that water quenching sets up sharper temperature gradients
giving rise to hizher thermel stresses and greater deformations which
tend to promote the transformation of austenite. (30)

Early investigators noted that austenite was usually retained with
high carbon and alloy content. However X-ray studies by Vever and Engel
showed cubic faced-centered austenite in 0.6% carbon. Davenport and Bain
reported austenite present at 0.54 percent carbon, while Tamaru and Sekito
also using X-rays found evidence of retained austenite at 0.4% carbon.
However nearly all investigators reported very minute amounts at these
lower percentages and indicated that as carbon percent increases the per-
cent of retained austenite is greater. (30)

Many previous and all the present investigators also found that
retained austenite was found in greater amounts when cooled just above
the critical cooling rate. Therefore oil quenches always gave more re-
tained austenite than water quenches.. Vhen quenches were rapid enough to
cause cracking no austenite was retained. This craciiing is due to stresses
set up upon quenching and when the cracking starts the structures seem to
be relieved of thelr internal stress and all austenite changes to marten-
site. However this cracking also depends to some extent upon Mg or the
starting temperature for the martensite formetion. Mg is in turn a function
of the alloy content, and does not vary with the austenizing temperature.
Hizher temperatures for cuenching indicate smaller amounts of retained
austenite (30-31).

Sub-atmospheric cooling tends to decompose some of the retained
austenite. The amount decomposed depends upon the time the specimen was

at room temperature, the cuenching temperature, and temperature of the sub-



cooling (7-30). Tammann and Scheil found that transformztion starts at
-20°C. (409F,) for a 1.7 plain carbon steel and that nothing happens aza2in
until the temperature is lowered. Gordon and Cohen indiczte that stopping
the quench at room tenperature seems to stabilize the austenite and that
the longer it is held at room temperature the smaller is the amount that
transforms on cooliny to -310°F. They also have dilatometer, magn%%ic
and specific volume data which indicates this stabilization for approxi-
mately three minutes at room temperature. Here again it was incicated
by Krivobok and Gensamer that the change of austenite to martensite takes
place throuch the strains wiich arise. All indicators are that cold work-
in: the steel tends to cause decomnposition of tie retained austenite.
Here again the internal stresses are great after deformation (30-7).

In transforming retained austenite, Dowel, Harder, and Van Vleet
and Upthegrove (33) state that in most cases the retained austenite de-
conposes to a martensite which is very similar to mertensite before going
forward with the transformation. Chevanard and Portevin (54) believed that
the austenite decomposed to cementite and an zustenite with less carbonj
however, more recent data by Antia and Cohen (32) states that austenite
decoriposes to an acicular transition precipitate (53-22-30). Eonda and
Hishiyama (32) also iowed thet with chenge from tetragonal martensite to
a cubic form of martensite there was a definite switch of the position of
the carbon atom. However Hagg indicates that a cubic form of martensite
is hard to discern vwith X-ray and Cohen points out (3 -martensite is harder
than the original tetragoncl oL -martensite. There has been a great deal
of discussion about/3 -martensite and a nunber of recent investizators
wish to refer to this product as cubic ferrite plus cementite. This for-

metion is also accompanied by a transition precigitate vlhiich accounts for



the darkening of the orizinal martensite (52-33) .

The second step of tempering, presumed to te the step vhere austenite
decomposes, occurs at about 450 to 550°F. The decrease in the intensity
of austenite diffraction lines in this range seems to verify this point.
This decomposition can teke place eitier isothermally or upon heating
through this range. The product appears to be somewvhat similar to a bain-
itic structure and shows no curie point until nearly all austenite is de-
conposed. This would indiccte that this product is not a ferrite-cementite
mizture. It is more of a bainitic structure. However to call it a secon-
dary martensite product mey be off, as 450°-5509F. is well above the
formation point of martensite and by now the structwre has softened up
quite a little. Howecver there are indications of secondary hardening in
hizh alloy steels due to the decomposition of austenite. (32-33)

The third stage in tempering which occupies the range of 550°F to
750°F. is fundamentelly the cementite formation range. The microstructure
indicates that cementite particles develop and grow out of the decomposi-
tion products of zustenite and martensite. This would indicate that
ferrite and cementite develop over both a period of time and temperature
range.

Much og the softening going on around the first end second stages is
thouzht to be due to stress relief, as both are hardening reactions. These
facts are borne out by magnetic change in cyclic heating and by checking
the mocnetic field reading of steels having varying amounts of retained
austenite and martensite. Those having the most martensite showed the
bigrer changes in reading, indicating more stress relief since there is no
structual change.

Properties of steels containing retained austenite have not had too



nuch attention; the results usually looked on as unpredictable. However
French says that small amounts up to 57 retained austenite did inprove
the endurance limit and resistance to overstress. He considered the aus-
tenite to having a cushioning effect. He also indicated that high carbon
manganese anc nickel tend to give a structure of nearly all retained aus-
tenite (30).

In this paper the pri.ary purpose is to discover how long it tales
retained gustenite formed in carburized low alloy steels to decompose
isotiiermally in certain temperature ranges and to record thesec changes in

both structure and percent b means of photomicrographs.



EXPERI.TITAL PROCLIDURZ
Part 1

Determination of Carbon in Case

Five steels were chosen for the experimental work, one plain carbon
SeA.E. 1010 and four low alloy steels: S.A.E. 2015, 2340, 3145, and 4640.

The analysis of the five steels are as follows:

Table I
¢ & P 8 Cr E  Ilo

S.A.E. 1010 0.15 0.55 0.018 0.045

S.A.E. 2015 0.33 0.54 0.017 0.024 0.33 0.73

S.A.E. 2340 0.297 0.71 0.011 0.017 0.22 3.42

S.A.E. 3145 0.40 0.72 0.018 0.020 0.59 1.39

S.A.E. 4640 0.40 0.65 1.82 0.25

The bars were cut to six inches, center drilled and then turned to
the largest possible diameter which would give a taper of no more then
0.001 of an inch from one end to the other. This was checked with taper
gages and the lathe was recentered before the operation.

The carburizing was done in a 3.00 inch steel pipe carburizing bomb,
using a commeréial solid carburizing mixture. The bouwb was developed with
the idea of checking time and temperature lags. A one-half inch pipe
(welded tozether on the internal side) was in turn welded through one of
the ends of the bomb so taat a thermocouple could be placed into the center
of the bomb and readings taken to check (1) the temperature of the bomb vs
the furnace and (2) the time lag that is taken for the bomb to come to
temperature. Later a hole was drilled next to the pipe and the thermocouple
fastened to the bars to see if the bar temperature and lag were the same

as the bomb temperature and lag (see Figure 1).



The analysis of the commercial carburizer may be found in Table 2.

Table 2
Ba COg 10—12%
Na 2 CO5 o 3%
Caz CO5 o 39
Coke 25--305%

Chercoals (Tyue F.S.R.) Balance

The bars were carburized in groups of two each except for the
4840 bar which was much larger. The bars were ccrefully placed in the
bonb in such a manner as to give an evenly distributed case to all areas.
The bonb was sealed aﬁd placed in a nmuffle type furnace which was controlled
at 1725-1735°F. The lag in the 3.00 inch bomb was about one hour and the
difference of temperature between bar and furnace was about 25°F. for several
hours. The cycle of carburizing was about 16 hours with three hours being
allowed for heating the furnace to 1725%F. After 13 hours at 1725°F. the
furnace was turned off and the boumb allowed to cool to room temperature
in tkhe furnace.

The carburized bars were then placed on the lathe centers again and
checlied for possible warping by use of the dial indicator. If the bars had
warped slightly they were aligned again by proper hammering on the lathe
centers. The larger bers shovied very little warping. After thorough
checking by the dial indicator the bars were ready to be machined. The
tool wes ground with a negative reke to give finer shorter ships, and the
bar wes thoroughly washed with alcohol and also parts of the lathe, tool
rest, end tool. The entire length of the bar was turned except the stud

wnich was used for heat treating end metallogrsphic specimens.



The chips were collected free of oil end airt in a specially
prepared cardboerd box. The first cut was 0.002 of an inch and the rest
were 0.005 of an inch until the core was reached. Each cutting was placed
in a proyperly labled envelope which was designated both by tool rest travel
and by the change of diameter of the bar. Bar diameters vere determined bty
micrometer readings.

The steel chips were analyzed for carbon content in a carbon train
(see Figure 2). The carbon 4rain was checked by usin: Bureau of Stendard
samples and the results were very good being well within the aliowable
error of ¥ 0.03 percent (slide rule error). The steel chips were nov
enzlyzed for carbon content in a carbon train. The graph of carbon content
vs. distance from edze zives a good indicaticn of the carton gradient end
depth of case.

| Part 2

The studs which viere all between 0.8 and 1.0 inch lon; were cut

into 0.4-0.5 inch pieces znd then cuartered across tie case., These spec—
imens were now divided.into two groups each having an equal nunber of
samples of the five steels. After carefully marking they were heated to
1725°F, throushout,and four samples of each steel guenched into both
agiteted heated water (120°F.) end agiteted heated oil (lZOoF.). All of
the specimens were tempered for 1.5 hours at 400°F., except the S.A.E.
4640 which showed soume decomposition at 400°F. However 1.5 hours et 550°F.
gave the desired transformetion of the tetragonal martensite to a dark etching
cons titutent in the S.A.E. 4640 steel. The samples were mounted in steel
clamps, very carefully rough ground on the emery wheel, the three stages
of the belt grinder, ond the #400 wet emery paper. Polishing was completed
roughly in four steps depending upon the scratches vhich were present.

First after careful cleasnsing of the clamp and sample in water and alcohdl,

71



the lead lep vas resurfaced snd impregnoted with 202% Buehler lepping
compound. The semple was carefully polished until the entire edge near
the case was flush with the clamp., Best results were obtzined with

lead lep when polishing wes completed simultaneously with the dryinz up of
the wheel. The lowest possible number of revolutions per ninute of the
slow speed vireel vas used.

The secound step involves polishing with #1576 microcloth and 71549
micropolish, The micropolish gives varieble results depending upon the
guantity of polish on cloth and amount.of knap on cloth. Best results
were obteined on these edge polishes by using worn knaps end pasty mnicro-
polish before the first etch with 3% nital. However just tefore the second
etch usuzlly about five seconds on the vheel with very little micropolish
present gave the best resuwlts. To test the validity of the etch, each
specimen was polished and etched et least twice with 3% nital before tak-
ing the finel photonicrograph at 1500 diameters. In order to keep photo-
graphing the same area continuously it was necessery to mark the surface
with a hardened tool steel scribe, or use tukon nardness tester points
with a 20 gram load. At 600°F. and 800°F. tempering treatments it was
necessary to stert on the lead lap aefter each tempering interval, thus
it was necessary to notch the specimen on the edge of the cases. Photo-
micrographs of the 5 steels were teken at intervals developed throuch
experience for each tempering range. The first picture was teken in the
as-received condition, the seconc after blackening the tetragonal nmarten-
site at 350 deg. F. for 1.5 hours in the lead bath, and the rest at 1,

5, 10, 15, and 20 minute intervels for the 450 deg. F. treatment (see
Figure 3). At 800°F, and 800OF. the intervals were much shorter using

30 secends and of this interval 20-25 seconds were involved in coming to
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the constant tenperature of tiie lead bath. These times veried depending
upon the specimen size and vere checked by drilling holes into the sample
and placing the thermocouple inside. Alundum cerent was placed around the
bottom insuletion piece and allowed to ary for two deys over o steam radi-
ator. Thnen it was immersecd in the lead and the time recorded to reach
nine tenths of tre lead-bath temperature and the final ternperature. It
took ebout 15-17 seconds to reach this first temperature and 5-10 seconds
more to reach the lead-batn temperature. After fincing the row of marks
all rictures were taken in the area of heavieét austerite concentration
and et a standard intervel from the edge (0.20 mm). The metellograrh
was set vith a constent ficld and aperture opening to give better tine
adjustments and similer contrasts.

The nethed of "Point Countiing" was used to determine the gquantity
of reteined austenite present after the individuel heat treatments. The
method consists of placin: a grid on top of the plate and then over ex-
posiny the plate to give a good black and white contrast. The next step
involves countinz the number of intersections of the vhiite and then check-
in; these ageinst countinz tihe black intersections. The value obteined
is the number of points per sqguare inch vhich in turn can be transferred
to percent of reteined austenite for that particular scuare inch by a
simple formule.

(o of points showin; austerite per sc. inch) (1005)
Totel points per sq. inch

= Percent ausvenite in arezs
Graphs of temperature vs. log of time were plotted to indicate
graphically the positions of cifferent percents of retained sustenite at

the various temperatures.
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FIGURE 1

The apparatus used for the carburizing of the steels

KEY

A- 3" pipe

B- Furnace

C- Potentiometer

D- Internally welded 1/2 " pipe
E- Bench

14



FIGURE 2

The apparatus use for the carbon determinations

A- Oxygen supply tank

B- Gas pressure regulator

C- Combustion furnace

D- Oxygen washing bottle (conmc. 32804)

E- Ascarite tube (t}(?i2 removal)

F- Combustion tube

G- Zinc pellets

H- €0, and 0, washing bottle (cone. HQSOA and Cr 03)
I- CO, and Oy washing bottle (cone. H250, )
J- Ascarite weighing bottle

K- Balancing Bottle

L- Bench

M- Alundum and ascarite bottle

‘N~ Nickle boats

15



FIGURE 3
The apparatus used for tempering steels

KEY
A- Furnace (lead bath)

B- Manually controlled potentiometer
C~ Brown automatic potentiometer

D- Bench

E- Cover



EXPERIMENTAL RESULTS
The experimental results were divided into two major divisioms:
Part 1
(a) Carbon gradient data for carburized SAE 1010, 2015,
2340, 3145, and 4640
(b) Graphs of the data for the five steels listed
Part 2
(a) Photomicrographs of listed steels at 1500 diameters
(b) Isothermal decomposition data for the warious steels
(c) Graphs of the isothermal decomposition data

17
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Table 3

Data of Yarbon Gradient in Carburized
SAE 1010 Steel

Feed
Readings In Sample Wt. Grans

eg * Grams Wi, CO5 % Carbop
1 /130 ~ .135 0.6 0.0289 1.345
2 140 0.6 0.0257 1.165
3 Q45 0.7 0.0253 1.03
4 .150 0.7 0.0280 1.08
5 155 0.7 0.0242 0.940
6 60 0.7 0.0218 0.845
7 .165 0.7 0.0185 0.722
8 .170 1.5 0.0199 0.362
9 175 1.5 0.0265 0.482
10 180 1.5 0.0178 0.323
1n .185 1.5 0.0105 0.296

#* A1l readings were checked with a micrometer.
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Table 4

Data of Carbon Gradient in Carburized

SAB 2015 Steel

Reading of

Micrometer Sample Wt.

Cut Fo, Ip Incheg * _ Grams
1l ST - 566 1l
2 +557 1
3 549 1
4 +539 1
5 <530 1
6 «523 1l
7 511 1
8 .502 1
9 495 1
10 486 1
1 480 1

19

't. 002
_Gremsg

0.0444
0.0362
0.0360
0.0329
0.0305
0.0288
0.0262
0.0232
0.0229
0.0205
0.0166

1.195
0.986
0.978
0.895
0.829
0.783
0.713
0.632
0.621
0.558
0.452
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Table 5
Data of Larbon Gradient im Carburized

SAE 3145 Steel

Reading of

Micrometer Sample Wt. Wt. CO,

InInches *  _Grams _Gramg" Carbo
1l .688 -~ 681 1l 0.0548 1.9
2 664 | 1 0.0401 1.09
3 653 1 0.0391 1.063
4 644 1 0.0360 . 0.978
5 640 1 0.0324 0.882
6 629 1 0.0318 0.865
7 621 1 0.0287 0.782
8 612 1 0.0259 0.704
9 -604 1 0.0246 0.669
10 59 1 0.0222 0.604
11 -589 1 0.0205 0.557
12 519 1 0.184 0.501

% Diameter Change In Bar

20



Iable & |
Data of Larbon Gradient In Carburized
SAE 2340 Steel

Reading of
Micrometer Sample Wt. Wt. 002

Caut No. In Incheg * Gramg _  _Grams £ Carbon

1 +580 - .570 0.7 0.0298 1.160
2 <560 0.7 0.0340 1.320
3 <550 1 0.0426 1.060
4 «540 1 0.0357 0.961
5 530 1 0.0255 0.694
6 .521 1 0.0253 0.688
7 2511 1 0.0244 0.664
8 .502 1 0.0218 0.5%
9 491 1 0.0172 0.467
10 480 1 0.0170 0.462
1 <470 1 0.0160 0.435
12 46D 1 0.0147 0.40

13 450 1 0.0110 0.30

* Diameter Change imn Bar

21






Table 7
Data of Varbon Gradient In Carburized

SAE 4640 Steel
Reading of

Micrometer Sample Wt. Wt. CO2
t No, In Incheg * _Grams Grams X Carbop
1 1.011 - .969** 1l 0.0339 0.924
2 «966 1l 0.0327 0.891
3 «956 1 0.0246 0.670
4 0946 1l 0.0196 0.534
5 937 1l 0.0193 0.525
6 <927 1 0.0156 0.425

#* Diameter Change In Bar
#¢ PBumped Head of Tool in Traverse

ce
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PART II
The photomicrogaphs im this section represent steels th:t
were all subjected to the following treatment and specification

1, Carburized at 1725°F for 13 hours.

2. Carefully sectiomed and four samples of each steel were
quenched from 1700F into agitated water at 120°F and
agitated oil at. 130°F .

3. SAE 1010, 2015, 2340, and 3145 were tempered for 1.5
hours at 400°F .

SAE 4640 was tempered at 350°F for 1.5 hours.

4. Etchant- 3 percent nital (used with and without swabs).
Alchol was used for the rinse.

5. Transverse sections were used.

6. Magnification used was 1500 diameters.

7. The tempering time and temperature will be listed on the
page just preceding each page of pictures.

8. All pictures were takem at a standard distance from the
edge (0.20 mm).

9. The isothermal decomposition data follows the photomicrographs.
10, Graphs of the isothermal decomposition data follow last.
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35 min.
450°F.

145 min.
4500F.
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PHOTO4ICROGRAPHS OF RETAINED AUSTENITE IN
WATER QUENCHED SAE 2340 CARBURIZED STEEL

As Received 1.5 hr. 20 min.
LOOOF. 4500?0
30 gin. -50 min, 60 min.
4508?.) 450°F. 450°F,
120 min, 150 min. 180 min.

450°F, 450°F, 450°F.
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As Received

40 min.
4L50°F,

110 min.
450°F,

PHOTOMICROGRAPHE OF RETAINED AUSTENITE IN

OIL QUENCHED SAE 4640 CARBURIZED STEEL

1.5 hr.
350°F,

60 min.
450°F,

450°F,

20 min.
450°F,

80 min.
450°F.

170 min.
450°F,
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PHOTOMICROGRAPHS OF RETAINED AUSTENITE IN

OIL QUENCHED SAE 2340 CARBURIZED STEEL

As Received 105 hr. 20 min,
4LO0°F, 450°F.
30 min. 50 min. 60 min.
450°F, 450°F, 450°F,
120 min. 150 min. 180 min.
450°F, 450°F, 450°F,
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240 min,
450°F,

¥ 8Ce.
B

3 min. 10 sec.
- 600°F,

270 min.
450°F.

%(5%;.‘30 sec.

4 m.
600°F.
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2 min. 40 sec.
600°F
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- PHOTOMICROGRAPHS OF RETAINED AUSTENITE IN
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13 min. 30 sec. 18 min. 20 sec.
600°F. 600°F.

5 sec. 10 sec. 15 sec.
800°F, 800°F. 800°F.
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Jable &
Experimental Data For Isothermal Decomposition Of

Retained Austenite in Water Quenched SAE 3145 Carburized Steel

Tempering Percent Re-

Temperature Corrected tained Austenite Overall
OFahrenheitn Time Time ip Picture Percent
400 1.5 hr. -— 58% 58%
450 ' 20 min. _— 28% 28%
450 40 min, _— 20% 20%
450 60 min. — 19% 19%
450 120 min, -_— 19% 19%
450 200 min. — 10% ' 10
450 230 min. -— 12% 12%
450 © 320 min. — 10% 10%

450 410 min. -— 7-5% 7-5%
450 470 min.  — 11% 3-11%
450 530 min. -— 4-5% 1-5%

600 1 min. 15 sec. 50 sec. 37% 37%
600 2 min. 20 sec. 1 min. 30 sec. 20% 20%
600 3 min. 35 sec. 2 min. 20 sec. 1C% 165
600 4 min. 50 sec. 3 min, lb gec. 25% 15%
600 6 min. 5 sec. /4 min. | 12% ?-12%
- 600 11 min. 8 min, 20 sec. 10% 10%
600 16 min, 25 sec. 13 min. 30 sec. 2-3% 2-3%
600 21 min 40 sec. 18 miﬁ. 20 sec.‘l% 1%
€00 30 sec. 5 sec. 2-3% 2-3%
800 60 sec. 10 sec. Doubtful
800 90 sec 15 sec. Salt and Pepper Effect



Table 9

Experimental Data For Isothermal Decomposition

Of Retained Austenite In Water Quenched SAE 2015 Carburized Steel

Tempering

Temperature
QFahrenheit

8888888

» 15 sec.

Corrected
Time

50 sece.

2 min. 30 sec. 1 min.

3 mino 45 sec, 2 mino

5 min.
47 min,
30 smec.

60 sec.

3 min.
44 min,
5 8eCe

10 gec.

40 sec.
30 seoc.
20 sec.

27 sec.

Percent Re-
tained Austenite Overall
in Picture ____  Percent
29% 29%
10% 10%
10% 10%
3-4% 3-4%
1-7% 1%
19% 19%
5% 5%
1-2¢ 1-24
1-2% 1-2%
Little if any

Salt and Pepper Effect






Table 10
Experimental Data For Isothermal Decomposition Of
Retained Austenite In 0il Quenched 3145 Carburized Steel

Percent Re-
Temperature Corrected tained Austenite Overall
O Pahrenheit Time Time in Picture Percent

400 1.5 hr. -_— 48% 48%
450 20 min. -— 37% 37%
450 40 min, -— 36% 36%
450 60 min, — 20% 20%
450 120 min. -— 17% 17%
450 200 min. -— 16% 16%
450 230 min. — 122 12%
450 320 min. -— 12% 12
450 410 min. ~ — 13% 8-10%
450 470 min. -— 10% 4-8%
450 530 min. _— 3-5% 1-3%
600 1 min. 15 sec. 50 sec. 37% 37%
600 2 min. 20 sec. 1 min. 30 sec. 23% 23%
600 3 min. 35 sec. 2 min. 20 sec. <26% 26%
600 4 min, 50 sec. 3 min. 10 sec. 38% 38%
600 6 min. 5 sec. 4 min. 12% 12%
600 11 min. 20 sec. 8 min. 50 sec. 17% 17%
600 16 min. «5 sece 13 min, 30 sec. 3-5% 3-5%
600 21 min. 40 sec. 18 min, 20 sec. 1% 1%
800 30 'sees 5 sec. 2-3% 2-3%
800 60 ses. - 10 sec. Some Some
800 90 sec. 15 sec. ? ?
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Table 11
Experimental Data For Isothermal Decomposition Of
Retained Austenite In 0il Quenched 2340 Carburized Steel

: Percent Re-
m Time Cog::ted I;igic:tAu:tenite &Tﬁ

400 13 hr. -— 52% 52%
450 20 min. — 47% 47%
450 30 min. -— 40% 40%
450 50 min. -— 45% 45%
450 60 min. — 41% A%
450 120 min. — 45% 4L5%
450 150 min. —- 36% 30%
450 180 min. —— 36% 20%
450 240 min. — 36% 15%
450 270 min. — 30% 10%
450 300 min, — 28% 3-10%
600 1 min, 15 sec. 50 sec. 65% 65%
600 2 min, 20 sec. 1 min. 30 sec. 45% 45%
600 3 min, 55 sec. 2 min. 40 sec. 55% 55%
600 4 min. 50 sec. 3 min. 10 sec. 38% 38%
600 6 min, 5 sec. 4 min, 42% 42%
600 11 min. 20 sec. 9 min. 20 sec.  25% 25%
600 21 min. 40 sec. 18 min, 45 sec. 22% 10%
600 32 min, 40 sec. 29 min. 20 sec. 3-5% 3-5%
800 30 sec. 5 sec. 1% 4%
800 60 sec. 10 sec. 3-5% ?
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Table 12

Experimental Data For Isothermal Decomposition Of

Retained Austenite in 0il Quenched SAE 4640 Carburized Steel

Tempering Percent Re-
Temperature Corrected tained Austenite Overall
OFahrenheit Time Time in Picture Percent
350 1.5 hr. _— 39% 39%
450 20 min. -— 16% 163
450 40 min. -— 17% 17%
450 60 min. — 9% 9%
450 80 min. -— 7% 7%
450 110 min. — 5% 5%
450 140 min. -— 5% 3-5%
450 170 min. — 5% 3-5%
450 200 min. — 5% 3-5%
450 260 min. —_ 5% 3-5%
450 320 min. -—_ 5% 3-%
450 380 min. — Salt and Pepper Effect
600 30 sec. 5 sec. 29% 29%
600 1 min. 45 sec. 55 sec. 17% 17%
600 3 min. 1 min. 45 sec. 9% 7-9%
600 6 min. 45 sec. 5 min. 5 sec. 17% 7-8%
600 12 min, 9 min. 55 sec.  3-5% 1-2%
600 112 min. 109 min. 30 sec. Salt and Pepper Effect
800 30 sec. 5 sec, 5-6% 1-2%
800 60 see. 10 sec. Salt and Pepper Effect
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Table 13

Experimental Data For Isothermal Decomposition Of

Retained Austenite in Water Quenched SAE 2340 Carburized Steel

Tempering
zemperature
F:

ahrenheit

400
450
450
450
450

2888888888888 ¢%8¢3¢%

Time
1l.5hr.
20 min,
30min.
50 min.
60 min.

120 min.
150 min.
180 min.
2,0 mih,
270 min.
300 min.

3 min.
4 min,
6 min,
11 min.
21 min.
32 min.
30 sec.

60 SeCe

15
20
35
50

20
40
40

Corrected
Time

secC,

8ec,

sec.

SeCe.

gecC.,

8ec.

SecC.

8ec,

50 sec.
1 min.
2 min.
3 min.
4 min,
8 min.
18 min,
29 min.

5 sec.

10 sec.

57

Percent re-
tained Austenite
in Picture

48%

40%

43%

31%

35%

40%

30%

33%

23%

22%
3-10%

30%

30 sec. 30%

20 sec. 24%

10 sec. 25%

13%

50 sec. 22%
40 sec. 1-3%
20 sec. 1-3%
10%

Trace

Overall

Percent,

48%
40%






Experimental Data for Isothermal Decomposition of

Retained Austenite in 01l Quenched SAE 2015 Carburized Steel

Tempering
Temperature

OFghrenhelif

Iime
1.5 hr.
20 min,
40 min,
120 min.
200 min,
1 min,
2 min.
3 min.
5 min,
47 min.
30 sec.

60 sec.

Table 14

Corrected
Time

15 sec. 50 sec.
30 sece 1 min,
45 sec. 2 min,
3 min.

44 min.

5 sec.

10 sec.

53

Percent Re-

tained Austenite Overall

in Picture

40 Bec.
30 sBece.
20 sece

27 sec,

28%
15%
10%
8%
1-3%
30%
L%
13%
5%

-y

17%

Percent

28%
15%
10%
8%
1-3%
30%
14%
13%
1-5%

10-17%

Salt and Pepper effect



Experimental Data For Isothermal Decomposition Of

Table 15

Retained Austenite in 01l Quenched SAE 1010 Carburized Steel

Tempering
Temperature Corrected
SFahrerheit Tine Time
400 1.5 hr, —
450 15 min. -—
450 35 min. -—
450 85 min. -_—
450 95 min. —
450 145 min. —
600 1 min. 50 sec. 50 sec,
600 3 min. 45 sec. 2 min.
, 600 5 min. 3 min,
600 27 min. 24 min.
600 67 min. -_—
800 30 sec. 5 sec.
800 60 sec. 10 sec.
800 90 sec. 15 sec.

Percent Re-
tained Austenite Overall
in Picture Percent,
19% 19%
17% 17%
15% 15%
3-5% 3-5%
3-5% 3-5%
Trace Trace
4s% 458
30 sec. 7-8% 3-5%
20 sec. ? ?
55 sece — —_—
1z 3-5%
Trace Trace

Salt and Pepper Effect






Table 16
Experimental Data For Isothermal Decomposition Of

Retained Austenite In Water Quenched SAE 1010 Carburized Steel

Tempering Percent Re-

Temperature : Corrected tained Austenite Overall
Opahregheit Time Time in Picture Percent
400 1.5 hr, -— 15% 15%
450 15 min. -— 16% 16%
450 35 min. -— 1% 11%

450 85 min. -— 10% 3-5%
450 95 min, _— 10% 3-5%

450 145 min. -— 1-3% 1%

600 1 min, 15 sec. 50 sec. 5-6% 5-6%
600 3 min 45 sec. 2 min. 30 sec. 3-5% 3-5%
600 5 min. 3 min. 20 sec. 4% 1-4%
600 27 min, 24 min. 55 sec. 1% 1%

600 67 min, 15 sec. 63 min. 42 sec. Trace Trace
800 30 sec. 5 sec. 20% 1o0%
800 60 sec. 10 sec. Trace Trace
800 90 sec. 15 sec. Salt and Pepper Effect

00






Table 16
Experimental Data For Isothermal Decomposition Of

Retained Austenite In Water Quenched SAE 1010 Carburized Steel

Tempering Percent Re-

g¢lperaturu : Corrected tained Austenite Overall

OFshrephelt  Iime _Time _ in Picture _ Percent
400 1.5 hr. -— 15% 15%
450 15 min. -— 16% 16%
450 35 min. -— 1% 11%
450 85 min. -— 10% 3-5%
450 95 min, -— 10% 3-5%
450 145 min. -— 1-3% 1%
600 1 min. 15 sec. 50 sec. 5-6% 5-6%
600 3 min 45 sec. 2 min. 30 sec. 3-5% 3-5%
600 5 min. 3 min. 20 sec. 4% 1-4%
600 27 min, 2/ min. 55 sec. 1% 1%
600 67 min, 15 sec. 63 min. 42 sec. Trace Trace
800 30 sec. 5 sec. 20% 1o0%
800 60 sec. 10 sec, Trace Trace
800 90 sec. 15 sec. Salt and Pepper Effect
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FIGURE 9
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ISOTHeRAIA TRANSFORAMATION  DIAGRAM
OF RETAINED AUSTENITE IN WATER QUENCHED SAE 3145 CARBURIZED STEEL
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FIGUEE 10

TABLE 9

DIAGRANS

OF RETAINED AUSTENITE IN WATER QUENCHED SAE 2015 CARBURIZED STEEL
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FIGURE 11
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FIGURE 12
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TEMFAERATURE

FIGURE 13

TABLE 12

ISOTHERMAL  TRANSFORMATION DIAGRAM
OF RETAINED AUSTENITE IN OIL QUENCHED SAE 4640 CARBURIZED STEEL
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TEAMPFUAERATURE

FIGURE 14
TABLE 13

ISOTHERAMAL — TRANSFORMATION DIAGRAM

OF RETAINED AUSTENITE IN WATER QUENCHED SAE2340 CARBURIZED
STEEL
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TEMFERA TURE

FIGURE 15
TABLE 14

ISOTHERAIL  TRANSFORMATION  DIAGRAM

OF RETAINED AUSTENITE IN OIL QUENCHED SAE 2015 CARBURIZED STEEL
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FIGURE 16

TABLE 15

RAM

OF RETAINED AUSTENITE IN OIL QUENCHED SAE 1010 CARBURIZED STEEL
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TABLE 16

FIGURE 17
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Discussiopn
Some of the problems which were encountered have already

been discussed lightly in the procedure. Etching in itself was
one of the big factors and was seriously affected by the temper-
ing temperature and time. Figure 24 shows a 2015 structure etch-
ed short and is contrasted with a 2015 etched long as in figure 25.
It is apparent here that the etch needs to be standardized if possible.
usually from 5 to 10 seconds was long enough in most cases, but at
600°F it was apparent that the same structure could be etched to
three different results. Here again the etching time had to be
increased slightly over the time used at 450°F. The above facts
would seem to show why everything was double etched before pictures
were recorded.

The method of point counting has certain limitations. The
person who 1s taking the pictures is the biggest variable and
he mist be careful to choose representative sections. If at all
possible more accurate results could be obtained if the same area
was photographed continuously and more than one picture recorded
near that area to give a better average. Also small percentages
are hard to count and do not give reliable results. However the
method 1is far above visual estimation and would be very good in
structures where the constitutents do not vary. With this in mind
it is not hard to see that the variable carbon case present in
this problem complicated things no end.

70



Even though very good checks were obtained on the carbon
train the results indicate that there might have been some
contamination of some samples. This could be due to a slight
amount of oil or other carbonaceous material in the high results
while incomplete combustion could account for the low results.
however this last factors was held to a minimum by a three hour
preheat period with oxygen slowly bubbling through ths system
and then checked against ASTM standards. One other problem was
that of plotting the results. The percent carbon present was over
an interval of distance and thus was plotted against the mid point
of each cut. This ylelds a curve which is more representative of
the actual carbon gradient..

The plot of the isothermal curves should not be taken as
abeolutely true as all points were obtained from only one set of
results. Even though the same area was apparently photographed
over and over in the SAE 1010 steel; the pictures which were record-
ed gave no indication of likeness. At 1500 diameter one millimeter
makes quite a difference in the picture obtained and consequently
a change in results.,

One of the big factors in doing the experimental work was
control of carbon and alloy content of the various steels. Since
it was impossible to control any of the alloys except carbon and
carbon was only controlled between limits it is difficult to draw

valid conclusgions.






In all of the steels the amount of retained austenite varied directly
with the carbon content ancd siiowed fairly homogececus areas of austenite
whenever the percent of carbon nresent was cloce to tihe eutectoid carbon
content or higher. At lower percenteges it was spotiy depending upon
alloy segregetion and varied in persistence to tempering alons thece sane
lines. For instance some of the longer tewpering treatuments shovie
groupings of the austenite, where the amount yresent in the photoricro-
graph teken was unearly ecusl to ti.e original structure. Tnis was espcc-
iglly true in SAE 3145 and 2£840. The plein corbon steel ceconmnrosed
faster than the otier steels, but did however show ereas viere tl:e custen-
ite was slow to bresk up. It cecms that as the zustenite deconpeses (a)
the nmartensite needles develop little vorts snd grow vider and (b) at

the same time tiere is a divisioning of tiie austenite present with fine
needles developing end slowly spreading out (figure 19, 21, 22). Tigure
18 shovis the structure just after carkenin: of the martensite necdles and
note how sherp and clear they are in contrast to figure 20 where tie needles
seem to snede and contein a lighter etlching arez. Fizure 19 chows the
start of divisioning and it continues on and at about 200 minutes at 450
degz. F. in both SAE 2540 end 3145 the lines have developed into needles
and the austenite secens to be quartered away. Now in ficure £3 you have
the end result of 211 tine different heat trectments viich yields nearly

a perfect sz2lt and pepper effect for 530 nin. at 450%F. for the SAE 5145
carburized steel. To resch this last step in 800°F. temnerins it is

only a matter of seconds and in 600°F. it teolzes only & few minutes to

yield this similar structure.
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Figure 18
2340,

0il Quenched
1.5 hr. 450°F.

Figure 21
2340,

011 Quenched
300 min. 450°F.

Figure 24

2015,

0il Quenched
100 min. 450 ©F.

Figure 19
2340,

011 Quenched
60 min. 450°F.

Figure 22

3145,

0il Quenched
320 min. 450°F.
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Figure 25

0il Quenched
80 min. 450°F.

Figure 20
2340,

011 Quenched
105 min. 450°F.

Figure 23
3145,
0il Quenched

530 min. 4500F.






Time is very important and one second at 800°F, or one minute at
600°F. is as good a reteined austenite decomnoser as 40 to 60 nminutes at
450°F, It should be noted here that just heatins tirou:h the higher
temperature ranges tends to rapidly decomvose the retzined austenite.
Vhether tihis decomposition is a matier of stress relief or carbon move-
ment is beyona tne scope of itnis paper. However eitiier would be possible
in the range of temperatures used.

Perhaps this paper vould yive furthier evidence to tie support cf many

olc end recent investizators that austenite secns to Te sensitive 1o
decomposition at about 450CF, end increazcses in sreed of decomposition
for the next 400°, However on interrupted guenching to deterrine S-curves
some investigators found austenite to stelblize itself at 800°F. snd they
developed nevier C-curves showing this. Reteined austenite Indiccted none
of this stebility at ggOOF. In fact the SAE 2015 and 4640 carburized
specimens indiczted some decomrosition at 400°F. and a lower darkening
tenperature for tne martensite was used.

The 1010 carburized specimens were checked for tine effect of tle
400° trectment in darkening thecK; -nartensite aixd incicated no effect
whatsoever as tlie end decoinositions came at exactly tiie sane time.

Just why the 2015 and 4640 should be more sensitive to 400°F. is hard
to sey, unless it be from an elloy stendpoint. But then, the 1010 would
also be affected in the same way. The 4640 does yield a lover carbon

case upon exairination and carbon seems to be the most powerful influence

present in tne alloy field in tnis problem.



Conclusions

The zmount of retcined austenite veries directly vith the carbon

content, hi her carbon ylelding more reteined austenite, when the

otiier factors have remained constent,

0il guencled steels give silightly more even distributions of reteined

austenite. Hovever, tlie total percentese differerce is not great.

Trie thirce temperins; temperatures 450°F., 600°F., and 800°F. s11 yield

the sane end result if ternering tinmes are lons enough &t the lower

temperatures.

The retsined suvstenite secrms to ceconose upon joing throuch a range

of temperatures as well as deccrposing at temperasture.

Hizh 2lloy steels reteined the most esustenite upon cuenching.

The reteined austenite is more persistent in tie higher alloy steels.
The point counting method can be reacily applied and is more accurate

than visuzl estimetion.

The isothermal dicgrems should not be accepted as absolutely true.



¢

Future Vork

This problem presents many possibilities for future vworlk:

A,

E.

Develop & method to center specimens so that the seme area cen
be photographed continuously.

Use sneller cpecimens so ti:at more accurcte estimetes con be
made of time at temperature for tie 800°F. and 800°F. terper-
ing tenperature.

Use specizens that ere cerburized all the wey through; thus,
elininating tie varieble cece and wmaking the point counting
techﬁique more valuzble.

Treet samples from higher tepperature to coarsen structure.

This vould then gllow a smaller magnification, better ability

to stey in the same area, and nore representative percentages by

point counting.

Develop a method to give data showing the rate of cooling.

Shorten the increments of :time in the hizh temperature trecirents.
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