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SUMMARY

This is the fourth quarterly progress report under Contract
No. AF 33(616)-173, This report concludes the work done on six experi-
mental alloys containing varying amounts of boron and titanium, the ob~-
ject of the work on these six modifications being to determine trends of
physical properties and behavior characteristics with composition. Re-
ferences to properties and characteristics of a large electric furnace
heat and two small induction furnace heats, made at another laboratory,
are included.

The effect of aging and of hot-cold working on the rupture
strength at 1200°F is presented, data on solution treated specimens of the
six alloys having been reported previously. Previous work indicated
that aging did not improve the rupture strength of titanium-boron strength-
ened austenitic alloys and this was substantiated by the present work, ex-
cept in that the low boron - zero titanium (heat 201) showed some improve-
ment in rupture strength on aging. Hot-cold working 20% at 1200°F great-
ly increased the rupture strength of all the alloys except the low boron-
zero titanium heat(201) which was only slightly increased. An alteration
in either the direction or degree of change of both the rupture strength
and the hardness vs. boron content occurred at an aimed content of 0.03%
boron,

A study was made of the precipitation reactions which occurred
in the alloys and other microstructural factors of interest. General
background precipitation on aging for 24 hours at 1500°F was more evi-

dent in the alloys containing titanium than in the straight boron alloys;



also a discontinuous grain boundary precipitate formed on aging., Some
appreciable fraction of the added boron is tied up in a high melting point
secondary phase since such a phase was present in the straight boron alloys,
but not in the very low-boron zero-titanium heat (201). Lattice parameters
did not change significantly on aging.

Chemical analyses were obtained for the six alloys, but they
indicated some boron contents to be higher than would have been possible
with 100% recovery of the added boron. The problems associated with
the determination of chemical analyses are discussed and exemplified.

Future work will center around the preparation and examina-
tion of vacuum melted alloys, These materials should give more positive
answers to such problems as the composition of various secondary phases,
the true direction of lattice parameter changes due to alloying, and the
influence on strength of dissolved boron and titanium rather than that pro-
duced when part of the boron or titanium are tied up as carbides, nitrides,

or oxides.



INTRODUCTION

This report covers the progress made on the research work
authorized under Contract No. AF 33(616)-173 (Expenditure Order No.
R-463-8 BR-1) up to 31 July 1953,

Six modifications of a lean austenitic alloy containing varying
amounts of boron and titanium were previously made and a report has
been submitted covering the properties of these modifications in two solu-
tion treated conditions, The present report covers the continuation of
the work on these six heats in an aged condition, 24 hours at 1500°F sub-
sequent to solution treatment, and as hot-cold worked 20% at 1200°F.

Complete chemical analyses are reported for the six heats,
however it will be shown that the obtained boron analyses are not consis-
tent with the actual boron additions to the melts. The following table will
serve to orient the reader with respect to the analysis of materials under

study, past and present,

Chemical Analysis

Heat

No, C Mn Si S P Cr Ni Mo W Ti B Fe
A- 0.069 1.43 0.58 0.011 0.014 12.5 16.2 2.42 0.60 0,58 0.027 Bal
5764%

D41 0.045 1,33 0,32 1369 1503 2,02 0.61 0,60 0 Bal
D42 0. 60 1.25 0.33 1320 1503 2.04 0.64 0.51 (0.03) Bal

2nd Anzal - (0,097)

Aimed Analyses

201 0
202 0
203 0. 60
204 0.60
205 0
206 1.5

0.01
0.10
0.005
0.10
0.03
0.03

* All heats were made in a laboratory induction furnace except heat A-5764 which



Where it is pertinent and of value to a clearer and more complete
understanding of the materials under investigation, references will be made

to previously reported data on heats A-5764, D41 and D42,

GENERAL PROCEDURE

Two broad phases of the problem of the influence of boron and
titanium on the rupture strength of a lean austenitic alloy will be considered
in this report. On is concerned with the disposition of the boron and titan-
ium in the alloy; this would include a study of the compounds or phases
present in solution treated and solution treated plus aged specimens, their
mode of occurrence and composition, and the general problem of chemical
composition, The second general phase of the work consists of a study of
the mechanical properties of the materials as they are affected by the dis-
position of the alloying elements, overall chemical composition, and by
lattice strains produced by hot-cold working,

Problems associated with the disposition of the alloying ele-
ments were approached from the standpoint of microstructures, variations
in microstructures with heat treatment, lattice parameters, and chemi-
cal analyses. The mechanical properties which were measured to deter-
mine the effect of changing the disposition of the alloying elements were

rupture strengths at 1200°F and room temperature hardness,

TEST MATERIALS

The materials used in the present work were the six titanium-boron

was a large electric furnace heat,



alloys whose preparation has been described previously. They were 15-
pound laboratory induction furnace heats. On the basis of experience obtained
in the laboratory of a commercial producer, it was assumed that 30% of
the added boron and 60% of the titanium would be retained in the poured
ingot. The chemical analyses of these heats will be given in the results
section,

Rolled bar stock from these ingots was given either a full or
an incomplete solution treatment, 1 hour at 2150°F or 4 hours at 1900°F,
respectively. Specimens from each of these treatments were given a sub-
sequent age of 24 hours at 1500°F. Since it had previously been deter-
mined that aging did not improve the rupture strengths at 1200°F, this
aging treatment was chosen with the idea in mind of producing an over-
aged st’ructure which might permit an identification of precipitating con-
stituents and thus an insight into the disposition of alloying elements in
the solution treated condition, rather than with the idea of producing a
stronger condition.

Another portion of stock was hot-cold worked 20% at 1200°F
to determine the effect of varying titanium and boron contents on the sus-
ceptbility of the alloy to be improved by such working. Perhaps higher
rupture strengths would have been obtained by rolling at 1000°F, but data
previously presented on the electric furnace Heat A-5764 suggested that
greater variability in strength and lower ductility might result from the low-

er rolling temperature.



RESULTS

Disposition of Alloying Elements

Chemical Analyses

Chemical analyses have been obtained for the six alloys under
study; the compositions are listed in Table 1.

The results are believed to have been carefully made by chem-
ists who have had considerable experience with boron analyses, The pre-
sence of impossible results are evidence of the difficulties and uncertain-
ties connected with the procedures for obtaining analyses for boron in the
composition ranges of the six alloys.

Factors which can be proposed to account for the failure of
some of the chemical analyses to fall within possible ranges are at best
unsatisfactory. There were considerable 'fines' among the chips which
were machined for the analyses. As there are considerable quantities
of hard secondary phases, which have been assumed to contain boron, in
most of the modifications it is possible that the quantity of the 'fines"
used in the analyses could have varied widely and thus accounted for the
wide range of per cent recoveries: 27% to 400%. Another factor to be con-
sidered is the carry-over of boron or boron compounds, on the inside of the
melting crucible, from one heat to the next., This might explain the high
recovery obtained for heat 203, since it was a low-boron heat following a
high-boron heat. Similarly, heat 201 may have contained less boron than
the aimed because of boron left behind in the crucible after melting, there
being no counterbalancing of this effect by the previous heat since it con-

tained no boron.



Metallography

Microstructures of the six heats in the aged condition are pre-
sented in Figures 1 through 6, The significance of the results obtained
from them cannot be completely evaluated. A large part of the material |
which formed the excess phase stringers in alloys is a boron containing
compound, since approximately the same amount and type of excess phase
stringers appeared in both the titanium bearing and titanium free heats
(Figures 2 and 4), except 201 which contains very little boron and was
quite clean (Figure 1). Boron contents of over 0.03% resulted in a sharply
increased amount of stringers., The titanium heats showed, in addition,
scattered Ti N cubes (Figure 3). The Ti N cubes often exhibited a duplex
étructure, either by a division irregularly through the cubes or by the
formation of a symmetrical outside darker shell (Figures 4 and 6),

Aging produced the formation of a relatively massive grain
boundary precipitate which somewhat resembled the boron compound phase.
This precipitate formed in all heats including the low boron - zero titan-
ium heat 201 ( Figures 1 and 6). The precipitate could be a boron car-
bide or nitride or an M,3C/ type of carbide. Aging also produced a gen-
eral background precipitate (Figures 3, 4 and 6) which appeared to be
more prevalent in the titanium bearing heats.

It was stated in the last progress report, Progress Report
No. 3, that no cha.rige in grain size, of more than one A.S.T.M. number,
occurred by raising the solution treating temperature from 1900° to 2150°F,
Since, as usually happens, the aging process sharpened the observable grain
size, an exception should be made to the above statement. Heat number
203 showed a gain size change from A.S.T.M. No., 5-6 to A,S.T. M. No.

3-4 due to the raising of the solution temperature, This is quite in accord=



ance with the general cleanliness of the structure,

The previous induction furnace heat D-42, containing 0. 03%B
(0.09%B) and 0, 60% Ti, exhibited a microstructure quite similar to heats
202 or 204 (Figures 2 and 4). The electric furnace heat number A-5764,
containing 0.027% B and 0.60% Ti was much cleaner than any of the other
heats except 201; it did not show massive grain boundary precipitates on
aging. It is undoubtedly true that cleaner heats and higher recoveries of
reactive additions, such as boron and titanium, are obtainable in large
electric furnace heats than is possible with small induction furnace melts,

Lattice parameter measurements were made on the aged mater-
ials and the values determined are given in Tablell. Another determina-~
tion of the precision of the computed lattice parameter values on these
alloys was obtained. The results substantiated the previous reported
precision of + 0, 0006 kx for lattice parameter measurements reported
in the Third Progress Report., This method consisted of analyzing the
x=-ray films by statistical means in the manner proposed by Jette and
Footel. The precision obtained resulted in a probable error of 0.0002 kx
and 95% fiduciary limits of £+ 0.0006 kx,

The lattice parameters indicated generally that the removal
from the matrix of the atoms precipitating out on aging either did not ap=-
preciably alter the lattice or that equivalent amounts of atoms, some of
which would increase and some decrease thelattice spacing, were removed
from solution., It is difficult to imagine how the dformer case could exist;
the latter case, however, could be represented by the removal of substi-

tutional boron and substitutional titanium on aging (Figure 7).

1 Jette, E.R. and Foote, F. J. Chem. Phys, 3, 605 (1935),




Mechanical Properties

Rupture properties of the six modifications were determined
at 1200°F on specimens which had been aged 24 hours at 1500°F and on
others which had been hot-cold worked 20% at 1200°F; the results are
given in Table IL. Brinell hardness measurements were also made on
these conditions of the six heats (Figure 8),

The variations in the 100-hour rupture strength with boron
content for the (1) solution treated, (2) aged and (3) hot-cold worked con-
ditions are represented in Figure 9, This latter figure shows quite clearly
that:

1. Aging generally reduced the rupture strength.

2. Aging slightly increased the strength only of the low boron -
zero titanium heat 201,

3. Aging reduced the strength of the titanium heats more than
for the straight boron heats.

4, Hot-cold working greatly increased the rupture strength of
most of the modifications.

5. Hot-cold working increased the rupture strength of the low
boron heats very little unless they contained titanium, and then the increase
was very pronounced,

6. The rupture strengths of the titanium bearing heats tend-
ed to reach a maximum at 0.03% boron, while the straight boron heats
tended to increase in strength quite rapidly up to 0,03% boron and to keep
on increasing in strength, but at a lower rate for higher boron contents.
This trend was also apparent for the hardness variations,

The following table presents a comparison of selected 100-

hour rupture strengths at 1200°F,
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Heat No, Condition Rupture  Elongation Grain
Strength (%) Size

A-5764 2150°F -1 hr 40,000 38 3
204 2150°F - 1 hr 42,000 38 5
206 2150°F - 1 hr 44,000 52 5
D.42 2150°F -1 hr 44,000 33 5
A-5764 2150°F - 1 hr + 20% HCW 56,000 3

at 1200°F
204 2150°F - 1 hr + 20% HCW 56,000 15

at 1200°F
206 2150°F -1 hr + 20% HCW 63,000 12

at 1200°F
204 2150°F - 1 hr + 24 hrs at 32,500 46

1500°F
206 2150°F - 1 hr + 24 hrs at 44,500 40

1500°F

Figures 10 and 11 are log-log plots of the rupture data of the
six alloys as (1) solution treated, (2) aged and (3) hot-cold worked, and
Figure 12 is a summary plot which presents very graphically the effect
of the various treatments on the 100-hour rupture strength

Hardness of the different materials, as a function of boron
content, is plotted in Figure 8. Three conditions are represented: sol-
ution treated, aged and hot-cold worked. Aging produced only a minor
increase in hardness while hot-cold working raised the Brinell hardness

values from about 140 BHN to in the vicinity of 240 BHN,
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FUTURE WORK

Vacuum melted heats will be fabricated and examined to de-
termine individually the influence of carbon, nitrogen and oxygen on the
effect of boron, Precipitation reactions, effect of working on the rupture
strength, and lattice parameters will be followed.

Work will also be completed on the effect of rolling temper-
ature on the rupture strength and ductility of the electric furnace heat

A-5764,

CONCLUSIONS

The disposition of the boron and titanium, i.e,, presence in

solution or in precipitates and in different kinds of precipitates, has been
difficult to follow, It has been indicated that much of the boron in excess
of approximately 0.03%, or less, is probably tied up in inert secondary
phases., Aging produced a background precipitate and a grain boundary
precipitate, the former being perhaps more evident in the titanium bear-
ing alloys, Aging did not appreciably change the lattice parameters.

The value of chemical analyses for boron on materials contain-
ing appreciable quantities of the boron in compounds which are effectively
inert to solution treatments is questionable. This conclusion resulted
from the high recoveries of boron indicated by chemical analyses on mat-
erials containing considerable quantities of boron in metallurgically inert

compounds,
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The presence of titanium in the alloy was effective in produc-
ing higher 100-hour rupture strengths, either as solution treated or hot=-
cold worked, than the straight boron modifications. The 1,5% Ti alloy
possessed the highest hot-cold worked rupture strength.

The 100-hour rupture strength of hot-cold worked titanium
bearing alloys was much less affected by boron content than was the strength
of the straight boron materials., Thus the response to hot-cold work,
as measured by rupture strengths, of the straight boron alloys was very
marked, This is particularly noteworthy when one considers the small
changes in hardness with boron content of the hot-cold worked condition.
It might be concluded that the working is responsible for a precipitation
reaction similar to strain aging.

The conclusions previously reached, that aging was not bene-
ficial to the rupture strength, has been substantiated, except in that the

strength of the low boron - zero titanium alloy was slightly improved.
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Figure 1 - Microstructure of Heat 201 Solution Treated 4 Hours at 1900°F
Plus Aged 24 Hours at 1500°F, Aim Composition 0,01% B, 0% Ti.
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(b) Solution treated 1 hour at 2150°F, water quenched.

Figure 2 - Microstructures of Heat 202 Aged 24 Hours at 1500°F, Aim
Composition 0, 10% B, 0% Ti.
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Figure 3 - Microstructure of Heat 203 Solution Treated 1 Hour at 2150°F
Plus Aged 24 Hours at 1500°F, Aim Composition 0.005% B, 0.60% Ti.
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(b) Solution treated 1 hour at 2150°F, water quenched.

Figure 4 - Microstructures of Heat 204 Aged 24 Hours at 1500°F, Aim
Composition 0, 10% B, 0.60% Ti.



~

X100D X1000D
(a) Solution treated 4 hours at 1900°F, water quenched.
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(b) Solution treated 1 hour at 2150°F, water quenched.
Figure 5 - Microstructures of Heat 205 Aged 24 Hours at 1500°F, Aim
Composition 0.03% B, 0% Ti,
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Figure 6 - Microstructure of Heat 206 Solution Treated 1 Hour at 2150°F
Plus Aged 24 Hours at 1500°F, Aim Composition 0.03% B, 1,5% Ti.
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