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BATTELLE MEMORIAL INSTITUTE
INDUSTRIAL ANT SCIERTIFIC BASELRCH

COLUMBGS 1, OHIO

November 11, 1949 -

AF 909 S50

Yright-Patterson Air Force Base
Service Area A
Building 258

Daytor, Ohio

Attention MCREXM] —
Contract No. AF 33{038)=3736

Gentlemen:

Enclosed are thirty (30) copies and one (1) reproducible of
the Second Progress Report prepared under Contract No. AF 33(038)-3736.

This report contains am account of the following:

1. A description of the alloy development work
done during the bimonthly period September 1
to "October 1, 19L%.

2. The progress made during the same period mn
the development of refracteories far holding
molten titanium,

3. Further work on th2 vacuum-fusion technigume
for determinfng oxygen in titanium.

Very truly yours,
gL

2
L, %. Eastwood
L™E:mr
Sne. (31)
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The phase relations in titanium -0 to 1 per cent germanium and

of germanium to Process A metal was found to raise the beta and lewer the
alpha solvus lines. HNo germanjum-rich phase was observed.

Nickel was found to limit markedly the alpha-phase Iield and to
lower the beta solvusrline. A nickel-rich phase appeared in the micro~
structure of the alloy containing about 7.5 per cent nickel when the
speclmen was quenched from 1450°F. The eutectoid composition in the binary
titanium-nickel system is placed between 6 and 7 per cent nickel.

In the binary titaniuvm—-silver system, the range of compositions
investigated was extended to 5.0 per cent silver, and titanjum-beryllium
alloys containing 0.1 to 1.0 per cent beryllium were investlgated. None of
these alloys had tensile properties of interest. Binary titanium-zirconium
alloys containing additions of 1 to 10 per cent zirconium were alse studied.

¥r allays of interest were noted,

EATYIC.LE NEMORIAL INSTITUTRE
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Additions of 1 and 2 per cent columbium or tantaluﬁ to Precess A
metal were found t6 increase the tensile strength and lower the ductility

of Precess A titanium, The range of these alloying additiong will be ex—

ténded.

Ternary alloys of manganese and carbon, mahganese and vanadium,
and molybdenum and tungsten, prepared by adding the pure metals during arc
meiting, were found to have guite erratic tensile properties when tested
after fabrication to sheet. This conditien is attributed te incomplete

melting and nomuniform distribution of the alloying metals during are melt-

ling. The use of master alloys, or hardeners, for intreducing the alloying

additions was investigated. This practice appears, in the limited tests
conducted, to give greater homogeneity in the ingot. Thié melting technigue
will be used more extensively in the future.

Steps have been taken to re-evaluate the more promising high—
strength alloys. This work is directed toward selecting an alloy composition

on which extensive enpinesrirg data will be obtained, ZILimited data indicate

that the tensile properfies can be reproduced on most of these alloy composi-

1tions.

Tests were completed on the evaluation of "hot-pressed" titanium
carbide and graphite crﬁcibles lined with tantalum carbide andﬂ%ungsten
boride as refractories for melten titanium. Melts were prepared 1ln erucibles
made of zirconium oxide {stabilized with CaQ), calcium oxide, calecium oxide
fluxed with Ti0p, and alwrinum oxide. The stabilized zircouium sxide eru~
cible vas the first refractery tested which had areas not wet by the molten

titanium. Therefare, additiomal mslts in this type of crucible are planned

to evaluate this refractory further. Nane of the other refractory mate—

rials tested appear to be useful,
BATTELLE MEMORIAL INSTITUTE
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Standard specimens of iodide titanium, containing known amounts

of oxygen added as TiO-_,:,'were prepared and submitted te Dr. G. Derge, ¢f the
Carnpegie Institute of Technology, for vacuum-fusion analysis. The results
reported from this laboratory indicate that the vacwum—fusion technique,

as i1t presently exists, yields fairly reliable reswlts, HRelatively minor
irconsistencies in the analytical results were obtained. 4t the present
}t’i_me, it is not known whether this is inherent in the analytical technique,
or merely reflects slight nonuniformity in the composition of the sample

ingets.

INTRODYCTION

i mm e

During the bimonthly period covered by this report, September 1

te October 31, l9h9, the experimental program on titanium has contimed, ;
The phases of the work desscribed in this report are as follews: ‘*
l. Arc uielting Titaniam-Base Alleys. i
2. Evaluation of Experimental Titanium-Base alloys. :,‘
3. Investigation of Refractories for lelting Titanium. ;
. L. Analytical kethods for Titanium-Base Alloys, %
"r - !
ARC_MELTING TITANIUH-BASE_ALLOYS
' (C. v Simmons and C. T. Greenidge) “i
Approximately thirty-five Os5-pound ingots were made and submitted 2
for fabrication during the period September 1 to October 15, 19L9. The in- 1
tended compositicns of the ingots, on which the testing has been complebed, 1
are listed urder the section on "Evaluation of Experimental ﬁ‘t,aﬁium—BaSt_\
Alleys", “
. i

BATTELLE MEMORIAL INSTITUTE
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Some difficulty was experienced when high=strength alloys contain-
ing manganese were tested. It was found that manganese had not satisfacte-
rily gone into solution to produce a homogeneous ingot. Although manganese
is a relatively low-melting-point maféfial, its density is sufficient to
cause it to sink below the surface of the molten bath where it cannoi be
subjected tc the direct heat of the arc, This necessitates solution of a
solld phase in the liquid bath rather than the mixing of two liquid phases.

To courteract this nonhomogeneity, it was decided that the manéa~
nese should be added in the form of a master alloy. 4 35 per cent manganese
alloy was prepared by arc meltling electrolytic manpanese andé Process A
titanium, This alloy was readily erushed and then Screened to 20— to LO-mesh
slze and used in preparing three ingots to evaluate this precedure.

This technique appeared to produce more uniform ingots, and,

subsequently, the following master alloys were prepared:

1. S8 per cent chreomium eutectic alloy {crushed readily).
2. 35 per cent manganese alloy (crushed reaﬁily). |
3. 35 per cent iron alloy (crushed readily).

L. 3L per cent nieckel eutectic alloy (crushed readily).

S. 35 per cent vanadium alloy (very difficult to crush).

Since the constitution diagram of the manpanesc-titanium system

| was not kncwn, several small ingots were prepared for microscoplc examina-

tion. These ingots cortained 35, 4O, 50, 60, and 70 per cent manganese,
raspectively. Ar zlloy containing aoout 53 per cent manganese was sclected

as having ecssentially a eutectic structure.
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Smell test ingots of vanadium and of iron have alse been prepared
for mleroscopic examination. The eutectic compositions in these systems will

be selected far the master alloys, and the necessary meltirng stock will be

J—

prepared,

Two 2-pound ingoi. of the § per cent chromium, 2 per cent iron,
and 0,25 per cent cs. don alley were prepared for forging., These ingots were
melted in the arc furnace, using pure metal additions and a carbon alectrode.
Tﬁé carbon addition was made by incidental pickup from the electroda,

A mastsr alloy containing about 2.5 per cent nitrogén was prepared
in the following manner: Titamium povder about LO to 60 mush was treated
in the Sievert's apparatus to produce a nitrogen content of about 2.5 per
cent. This material was very thoroughly mixed after rcmoval fram the
apparatus to eliminatc any nomuniformity which might exist. The powder was

then compressed into bars 1/2 inch wide by 1/L inch thick, which were

| sintered at 1900°F. for 2-1/2 hours at —(0.l-micron pressure. The resultant

bars were ecut into pellets about L-mesh size to provide stock for adding

to the melts. The pelleting procedure savered a double funetion. As origi-
nally treated, the titamium powder was very difficult to add to the bath.
The small size and low density of the powder permitted it to be carried out
of the welting chamber by the hot furnsee gases, However, the pellets
dropped directly to the bath, where they floated until melted by the direct
impingement of ths are. This procedure insured = unﬁform ingot composition

through the mixing of two liquid phases.

) .
BETAFE- . WARTEY IR PETII SRR & IR
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EVALUATIQN OF EXPEHIMENTAL TIT4NIUM-EASE ALLOYS

'(Ce M. Craighead, F. Favn, and L, ™, Eastwood)

The alloy evaluztion work during the present bimonthly period has
becn directed toward the investigation of:

1. DBinary titanium-germanium alloys.

2, Binary titarjum=nickel allops.

3. Binary titanium-silver alloys.

i, Binary titanium-beryllium alloys.

S« Binary titanium-zirconium alloys.

6, Binary titarium-columbium alloys.

7. DBinary titanium-tantalum alloys,

8, Ternary alloys of titanium,

9. Evaluation of selected aliocys.

Binary Alloys of Titanium

In the previocus bimonthly repert, data on the mechanical properties
and the response to heat treatment and aging of titanimn—gcrma.ﬁium and ti-
tanium-nickel alleys were listed in Tables 1 and 2. The microscoplc examina-—
tion of specimens of these alléys, quenched from temperatures of 1450, 1550,
1600, 1650, 1700, and 1750°F., bas now been completed, Table 16 shews the
phase relations observed in the titanium—germanium alloys. These data are
shovm pgraphically in Figure 19, |

“ith the addition of germanium, up to about 1 per? cent, no ger-
manium—rich phase was evi(-ien;in the structure of the quonched specimers.

However, as indicated in Flgure 19, the addition of germanium to Process 4

titanium ralsed the beta and lowered the alpha solvus lines.

T -
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TABLE 16, FHASES PRESENT IN BINARY TITANIUN-GERMANTUN ALLLYS
AT TEMPERATURES IHMDICATED - FROCESS A iILTAL BASE

f

o i3 Ll A S 34 L o TN

Heat

Ls Hot EHeat Heat Heat llent Heat
Heat Intended Rolled Treated Treated Tresated Treated Treated Treated
iloe . Gom;}o_sitio_r;, % 1450%, 1450°F. 1550°, 1600°F. 1650°TF, 17Q00%¥F, 1750°F,
. 80 = 20 15 - 85
{H180 Unelloyed a a a a+ f a+ p g B
B5-15 60~ 40 5-05
WH170 Ou1 Ge a a a+B e+p a+B g P
95 -5 70«30 10 ~90
HH169 0,5 Ge o a a+ B e+ P a+ P B B
90 -« 10 70 -~ 30 30 = 70
1H168 1.0 Ge a ] a +f

a+ P a+ B

i: VRIS

FLIE T I UL

C ke



£
i,
£

AL L5 ae: L RN o i ale L FR o

TEMPERATURE, °F.

e e el - et

~67-
B T i 1
(] ALPHA PHASE ,
ALPHA + BETA ;.
BETA PHASE 5
|?50:§—q a 8-
{700 B g —f .
1650 /'f : ill | ]
!
1600 —q ¥ —
\ | ’
1550 Ny ——-TF 0
T K T — ; —
o
. i : | i -
|5OO I — ..l__. .-_.-?-——- —_t - 1;:“-— — l--—--—-—-—__-...__r_.._ —
o i | \
! ; ] i
'! ! ) ! !
1450 . i I
O Ol 02 03 04 Q5 06 07 Q8 09 IO

GERMANIUM, PER CENT
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CENT GERMANIUM ALLOYS MADE FROM
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Similar data en the structure of binary titanfum-nickel alloys,

- containing up to 10 per cent nickel, are listed in Table 17 and Figure 20.

Figures 21 to 2l, inclusive, show typical structures ebserved in these
alloys. f

is indicated by Figure 20, nickel markedly 1iﬁits the alpha field
and lowers the beta solvus llne. at 1L50°F,, the limit of the alpha-phase
field is less than 1.75 per cent nickel and, as indicated in the diagram,
probably less than 1,0 per cent nickel.

As illustrated in Figure 2L, a nickel-rich phase (Y) appears
at 7.5 per cent nickel when quenched from 1450°F., but is absent, Figure 23,
in the specimen quonched from 1550°F. From the available Aata, the eutee—
told composition is placed betwesen & and 7 per cent nickel in Figure 20,

As indicated prevlously, the data do not justify further investi-
gation of binary titanium-germanium or titanium-nickel alloys.

Data for binary alloys of titanium with silver, berylllum, zir-

eonium, columbium, and tantalum are listed in Tables 18 and 19.

Titanium-5Silver Alloys

In the Summary Report, Part III, 2lloys containing 1 and 2 per
cent silver were considered. The range of silver content was subsequently

increased to 2.5, 3.5, and 5.8 per cent,

et}

BATTELLE MEMORIAL INSTITUTE
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Figure 21. Heat "H2h5, 3.5% Ni. Figure 23. Heat "H2kl, 7.5% Ni. -

Quenched frem 1800°F, in the beta

Guenched from 1550°F. in the beta
field. Acicular alpha (transformed

field. The nickel-rich phase, showm
B beta) is showm. in Figure 2}, is absent when the
fE' speciman is quenched from 1550°F,
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Figure 22. Hezat "HR2LS, 3.5% Ni.
Cusneclhed from 1550°F, in the alpha
+ beta fi21d, Islands of alpha
(light) 2pper in en acicular 21pha
(transformad bata) metrdx,

Figure 24, Heat TH2l3, 7.5% Wi,
Quenched from 1450°F. in the beta
+ parma fleld. The 1ight-colored conp-
stituent is the nickel-rich bhase
in 2 beta matrix.

Typiczl structures observ.d ir binary titznium—ricicl zlloys made from
Process o mztal,
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Footnotes for Table 18%

(1)'

(2)

(3)

1y

(5)

As hot rolled at 1L50°F.
Hot=rolled sheet aged 4 hours at 750°F. in air and air cooled,

hverage of two longitudinal 1llj-gauge specimens, 3 inches long
by 04375 inch wide with a 0.250-inch-wide reduced section.

10-kge load, Hardness at the center of the cross section of
the sheet 90° to the surface and to the rolling direction.

Minimam bend radius without cracking on a single longitudinal
specimen 3 inches long by 0.5 inch wide. Tested with surface
skin prescnt. -

. Some ductility.

Very little ductility.
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Footnotes for Table 19:

~73am

10-k3. load. Hardness at the center of the cross section of
the sheet 90° to the surface and to the rolling direction.

Minimum bend radius without cracking on a single lengitudinal

specimen 3 inches long by 0.5 inch wide.

surface skin present.,

45 hot rolled at ILCO°F.

Hot-rolled sheet aged lj hours at 750°F. in air

Heated 1/2 hour in air at 1L50°F.

Heated 1/2 hour
Heated 1/2 hour
Heated 1/2 hour
Heated 1/2 hour

Heated 1/2 hour

in

in

in

in

in

air

air

air

air

at 1550°T.
at 1500°F,
ay 1550°F.
at 1700°F.

at 1750°F,

and quenched
and quenched
and quenched

and quenched

and guenched i

and quenched i

and alr cooled.

Tested with the

in coald water,

in

in

cold vwater,

cold water.

cold water,

cold water.

cold

water.
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Mechanical Properties. The mechanical vroperties of the three

titaniun~-silver alloys, mentioned pre&iously, in both the as-hot-rolled
condition and after aging the as-hot-rolled temper for 4 hours at 750°F. are
!’ listed in Table 18. Figure 25 illustrates graphically the eifect of silver
on the tensile propertiass and hardness of the as-hot-rolled temper.

As shown by the data in Table 18, titanium-silver alloys in the
ag~hot~rolled condition do not respond to an aging treatment of 4 hours at
750°F. From the present data, and the results previously listed in the
sumraxy report, it is concludaed that silver, in amoumts up tﬁ S per cent,

is a relatively ineffective alloying addition te titanium.

Struecture and Transformation Raggg. The structures obscerved in

titanium=silver alloys quenched from temperatureé of 1450, 1550, 1£00,

16450, 1700, and 1750°F. are listed in Table 20. The phase relations are
shown graphically in Firure 26. In this figure, the data previously listed
* in the summary report for alleys containing 0.87 and 2.12 per cent siiver
are included. It is evident that éiiver raises ths beta and lorers the

¥ alpha solvus lines. -
[

Heat Treatment. 1he Vicllers hardnesses and bend characteristics

of the 2.5, 3.5, and 5.0 per cent silver alloys, after quenching from
. J temperatures of 1450, 1550, 1600, 1650, 1700, and 1750°F., are listed in !
Table 19« At the higher guenching temperatures, slight increascs in hard~
Nness were obtainéd, tut there is little evidence to indicate that titanium—
silver alloys respond to solution heat treatment. Aging the as<het-rolled

alloye for L hours at 750°F, did not increase the hardness,

b
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Titanium=Beryilium 4llcys

Previously, in the summary repert, titanium-beryllium alloys con-—
taiming 1.0 and 2,0 per cent added beryllium were considered. At 2,0 per
’ cent beryllium, a beryllium-rich phase was noted in specimens querched from
temperatures ranging from 1450 te 1750°F. Allcoys with beryllium additions

of 0.1, 0.15, 0.25, 0.5, and 1.0 per cent were prepared.

Mechanical Properties. The tensile properties, hardness, and

bend characteristices of the beryllium alloys, in both the as~hot-rolled

. cendition and after aging the alloys in the as-hot-rolled temper for L hours
at 750°F,, are listed in Table 18. Figure 27 graphically illustrates the
effect of beryllium on the tensile properties and hardnsss ef as-hot-rolled
i ) titanium sheet. In this figure, the data previously listed in the summary

v - report have been included. Beryllium produc.es nc marked increase in the
strength or hardness, but progressively decrsases the ductility. As =ill be
noted from the data in Table 18, the titanium-beryllium alloys in the as-

i het-rolled temper did not respond to an aging treatment of L hours at 750°F,

Structure and Transformation Range. Specimens of the titaniuwm-

: beryllium alloys quenched from temperatures rangiog from 1450 to 1750°F.

%' were examined micreoscopicelly. Beryllium appeared te limit the alpha-phase
o fizld and raise the beta solwvus line, but the limit of -solubility of the
§‘ beryllium-rich phasc could net b established +ith any degree of accuracy.
g- Further study of these alloys will be raquired before a tientative phase

diagrar can be constructed.

o
£
X
=
a2
L
£
L 58
*

BATTELLE MEMORIAL INSTITUTE



b R - Y Y T A TR T
B R L A T R IR R S e LR | SR AR SR -

!

B PR L AT
Y

g

LW

'
Y

W, #vvuiggqmwmwmm ey, "-;"w;.f}-:.?.

R

300

200

VICKERS HARDNESS

!
|

AS -HOT-ROLLED TEMPER

® NOMINAL BERYLLIUM
CONTENT

O AVERAGE PROPERTIES OF

140

120

TENSILE STRENGTH,
1000 PS.I.

- UNALLCYED TITANIUM
i |
: i
4 -
1 1 | !
’» a’ E
i T

% (N 1 INCH

.

ELONGATION

—
i

FIGURE 27 EFFECT OF BERYLLIUM ON THE PROPERTIES

O 02 04 08 IO

BERYLLIUM, PER CENT

20

OF AS-HOT-ROLLED PROCESS A TITANIUM
SHEET.

C-13671



el rerlion = —

LiTTEpE—— T T ) TN e L TIN RREE _:_E:_M

<80~

Heat Treatment. The Vickers hardness values and bend character-

isties of the titanium-beryllium alloys when quenched from temperatures of

5_ 1450, 1550, 1600, 1650, 1793, and 1750°F., are listed in Table 19. At the
2 QL :
) ‘. higher quenching temperatures, some increase in hardness was obtained, bnt

there is nc evidence that these alloys respond appreciably to heat treat—

ment, As shown by the data in Tables 18 and 19, these titanjum-beryllium

SRRl

alloys in the as=hot-rolled temper do not age barden.

Titanium-Zircorium Alloys

Additions of 1.0, 2.5, 3.5, 5.0, and 10,0 per cent zirconium were

made to Process A titanium. These alloys are considered in the i‘ol;l.owing

% sectlon,
? _
¥ Mechanical Properties, The tensile strength, =longation,
:: hardness, and bend cheracteristics of the titanimn-zi;:‘conimn aiioys in beth
the as-hot—-roiled condition and after aging the alloys in the as-hot-rolled
~ temper for L hours at 750°F. are listed in Table 18, Figu-;'e 28 graphically
illustrates, for the as-hot-rolled condition, the =ffect of zirconium on
: the tensile strength, z2longation, and hardness. Zirconium raises the
: tensila strength and hardness with rclatively little drop in elongation,
’ Yiith 10 per cent zirconium added, the tensils strength incrnasea about
: , 37,000 p.s.i., #ith 6,0 per cent drop in clongation., 4§ compar.d to
l chromium, manganese, molybdenum, and soms other elcments, zirconium 1e
+ a relatively ineffective zlloving addition,
)
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Ag shown by the data in Table 18, the titanium—zirceonium alloys

are not appreciably berefited by aging the alloys in the as-hot-rolled

temper for L hours at 750°F.

1

Structure and Transformation Range. The phases present in the

titanium-2irconium alleys when quenched from temperatures of 1450 to 175Q°F,
are listed in Table 21, and are shown graphically in Filgure 2%. Zirconium
limits the alpha-phase field and lowers the beta solvus line. FNo zirconium-

rich phase was observed at concentrations up tc 10 per cent zirconium,.

Heat Treatment. The Vickers hardness values and minimum bend

v e e A TR

radii of thess titanium-zirconium zlloys when quenched from temperatures

e

of 1450, 1550, 1500, 1650, 1700, and 1750°F, are listed in Table 1%. Some

%’- inerease in hardness will be noted after quenching the alloys from the

? higher temperatures. However, the change in hardness is mot comparable to
that observed in some of the other binary systems. -Ag:i.m the as-hot-rolled
i titanium-zirconium allqys for Jj hours at 750°F. did not produce any increase
,‘t in hardness. It is, therefore, concluded that titaniu.m;zirconium alloys

?‘j‘ in the range of composition investipated do not show any significant

i: response to heat treatment or aging,.
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Titanium~Columbium Alloys

Additions of 1,0 and 2,0 per cent columbium were made to Process
A titanium. The properties of these alloys are COns{derad in the followlng

section.

liechanical Properties, The tensile properties, hardnesses, and

minimam bend radii of the two titanium-columbium alloys, in both the as=-
hot-rolled condition and after aging the alloys in the as-hot-=rolled temper
for I hours at 750°F., are listed in Table 13. Figure 30 graphical%y
illustrates the effect of columbium on the as-hot-rolled properties. The
tensile strength and hardness inerease with increasing columbium content,
while the clongation decreases. These two columbium—containing alloys
did not respond when the as-hot-rolled shest was aged L hours at 750°F,
Considering the above properties, the range of columbiﬁm content

¥ill be extended to 10 per cent.

Titanium-Tantalum Alloys

Alloys eontzining 1.0 and 2.0 per cent tantalum were investi-

gated. The propertizs of these alioys are considered in the following

- seetion.

Mechanical Properties. The tensile properties, bardneases, and

pipimum Yepd radii of the two titamium—tantalum alloys are ilsted in Takble

5

18, These data are for the alloys in the as-hot-rolled condition and after

V-
aging thes alloys in the as-hot-rolled temper for I hours at 750°F. Figure 31
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graphically illustrates
Ahe effect of 1.0 and 2,0 per cent tantalum on the ten5119 properties and

hardness of Process & titanium in the as-hot-rolled condition. The addition
of 2.0 per cent tantalum increased the tensile strength of Process & ti-
tanium sheet about 20,000 p.s,i. with a reduction in clongation of about
3.0 per cent,

additional data on binary titenium—columbium and titanium-tantalum
alloys, when the range of 2lloy additions has been extended to abemt 10 per

cent, will be considered in a future reporte.

Ternary alloys af Titanium

The following three series of alloys were prepared and fabricated
to shect:

1. 3.5, L0, 4.5, and 5,0% Mn with 0.25% C.

2¢ 1475, 2.5, 3.5, and 5.0% kn with 1,0 and 2.0% V.

3¢ 2.5, 3.5, and 5.0% Mo with 1.0, 2.0, and 3.0% .

Thc tensile properties were obtained on these alloys in both the
as=hot~-rolled condition and after aging the 2loys in the‘as—hot—rolled
temper 5 hours at 750°F. In mary cases, variations in strength amd longa—
tlon of comsidersble magnitude were noted betwecen the duplicate specimens
from the same alloy sheet. Retesting sélectad z211oys showed similar re-~
sults, and it v2s concluded that normuniform distribution of the alloying
clements during melting was respensible for thase variaﬁions. Thesa nlloys
vill be made over, using z technique in melting designed to give more

urdfors distribution of the alloying additlons.
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ds a step in obtaining a more uniform digtribution of alleying
elemente, the possibility of employing alloy hardeners rather than the pure
metals in arc melting was investligated. 4 brittle me;lnganese alloy contain-
ing about 35 per cent manganese was prepared by arc melting, This alloy

was crushed to pass 20 mesh and used to prepare the following Q.5-pourd

ingots:
Heat Ho, . Composition, %
“H312 o SMn
"HI10 Sn, 0.25C
"H313 SMn, 0.1N

These ingots and an unalloyed heat were fabricated to sheeat, and six
longitudinal tensile specimens were taken at various locations throughout

the length of the sheet. Two specimens each were taken {rom opposite sides

and erds of the sheet and two adjacent specimens were from the center. The

mechanical properties and hardness of the various specimens are listed 1n

Table 22,

As ncted irn Table 22, some of the specimens of the manganese
alloyé showed a small amount of unmelted alloy in the fracture. Although
the properties of such specimens have not been included in the average
[values, the small amount of inhcmogeneity observed in the fracture has not

had an appreclable effect on the tensile strength. Elongation values of

these specimens, however, tend to be low.

Comsidering the small cross-sectional area of ‘the test specimen,
Jabuut 0,016 square inch, these properties a.pear relatively uniform and
porpare favorably with values previously reported for sirilar comcositicns,

lgs ¥ill be noted from the following:
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COMPARISON OF THE PROPERTIES OF TITANIUM ALLOYS

(As-Hot-Rolled Temper)

Mloys Prepared Using Metal
Additions During Arc Melting

Tntended
or Actual Tensile Tlong.,
Hezt Composi~ Strength, % in
Yo, tion, % PeSeis 1 Inch
el po3mm 157,900 7.5
~§78(1) s5,0Mn 162,800 6.5
vt58(2) h.80un, 176,500 5.5-
0.21C
*193(2) s.0mn, 193,400 2.5
0.25¢C
vmée(3) 5.0Mn, 173,500 8.5

0.1N

(1) Data from
(2) Data from

(3) Data from

VHN

303
315

3Le

Libk

Lol

Summary Report, page-182.

Surmary Report, page 238a.

Progress Report, Table 5, page 21,

i e ]

Aloys Prepared Using Alloy
Hardeners in Arc Melting

Heat
Mo,

TH3le

SH31G

"H313

Intended Tensile

Composl-
tion, %

S¥n

S«0Mn,
0,25C

5 .Cln,
Ou1H

Strength,

P.S.1.

169,100

178,730

183,340

nlorng.,
% in
1l Inch

SWB
6.2

6.0

VHN

366

378

Log
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TABLE 22, TEST OF UNIFORMITY OF THE TEWSILE PROPERTIES AND
HARDNESS OF TITANIU% ALLOY SKREET. INGETS MELTED
USING 4 35 PER CENT MANGaNESE ALLOY HARDENER
Relative :
Intended Location Tensile Elong.,
Heat Specimen = Composition, of Strength, % in 1 VHE
Yo, No. & Specimen pessie(1) Incn(1) {(2)
"H301 X-1 Unalloyed Front, side 87,300 17.5 216
" X=2 " Front, side $2,920 18.0 205
" ¥-1 " Center 92,310 17.0 212
" ¥-2 n Center 91,600 13.0 210
n Z-1 i Rear, side 90, 000 "18.0 209
" 2=2 u Rear, gide 88,000 19.5 207
" n ivg. 90,360 18.2 210
TH312 =1 Chn Front,side 166,620 "~ 6.5 3L8
" X=2 " Front, side 167,220 8.5 343
n Y-1 n Center 168, 790™ L.5® 368
h -2 w Center 167,720 4.0 a7e
" 71 " Rear, side 174,830 4.0 378
h -2 " Rear, side 175,860 L.5%* 386
" " Avg, 169,100 5.6 366
TH31e X-1 5Mn,0.25C Front, side 185,L30 L5 377
n X-2 n t Front, side 162,160 6.5 358
n ¥-1 n n Center 197,120 5.0 378
n Y-2 u t Center 161,090 8.0 3681
u Z-1 " n Rear, side 190, 070* 2,5% 398
u =2 " n Rear, side 167,830 7.0 375
n 1 " avg. 178,730 6.2 378
*H3l3 X-1 . C.0sn,0,1N Front, side 201,019% L.ox 425
n x=2 " L Front, side 192,310% L.O% L07
" Y-1 n n Certer 194, 900 L.O® L20
" Y-2 n " Center 189, 87¢. 7.0 [Renl
L z-1 n " Rear, side 181,410 7.0 118
w z-2 u " Rear, side 178,530 4.0 386..
" " " Avg. 183,3L0 6.0 Log

#* Ummelted alloy evident in fracture - results not included in average.

(1) Longitudinal specimen - as-hot-rolled temper.
(2} Cernter hardness transverse specimen. Average of 5 readings.
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This technique of using intermediate alloy hardmsrs for the in-
troduction of the alloy additiorerather than the use of pure metals during

arc melting appears very promising and will be imvestigated mere fully.

Evaluation of the Alloys of Greatest Interest

In the Future “ork section of the previocus report, it was in—
dicated thaf gﬁ;mﬁé;;-p;omising alloyé that have been prepared to date
would be reinvestigated. The object of this worlk is to select an alloy
composition that will be prepared ir large-size ingots and on which ex-
tensive engineering data will be obtained.

To this end, a group of dlloys having tensile strengths in the
range of 180,000 to 200,000 p.s.i. was selected for further study. A small
ampunt of the original sheet was still available from these heats, and
1ongi§udinal tensile specimens in duplicate wers prepared and tested using
SRl -type A7 strain gauges to obtain the 0.2 per cent yield strengths. In
a few cases, as will be noted subsequently, the range of the electrical
strain recorder was not adeguate te permit a full extension of O.E-per
cent. In these cases, the 0,2 per cent yield strength is either not
reported, or it is indicated that the yield strength was extrapolated by
slightly extending the stress~strain curve.

The original tensile properties, hardness, and berd character-
istics reported for these alloys and ths redetermined tensile properties
and the chemical analyses of the various heats are listed ip Table 23
In gezneral, the agreement bztween the tvo tests is guite good. The three
titanjum-manganese~vanadius alleys listed at the cnd of the table, however,

show ride variations betweswm the tre sets of properties, These threc alloys,

a s
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as noted in the section on Ternary illoys, were found to have nonuniform
digtribution of the alloying additions. These data and the phemical
analyses further substantiate this conclusion.

Referriﬁg to Table 23, it will be noted that the O.2fper cent
offset yield strengtlsof the various alleys average about 20,060 PeSele
lawer than the ultimate strength.

As a further step ln the evaluation of these selected alloys,
0,5-pound ingots were prepared using alloy hardeners for the addition of
the various elements, ¥Four of the alloys were also prepared, using pure
metal additions 1in arc melting, as a further check on the new mélting
procedure.

These ingots were fabricated to 1)j-gauge sheet and six longitudinal
tensile specimens were taken at various locations in the sheet. Twio speci-~
mens each were taken from opposite sides and ends of the sheet and two
adjacent specimens were from the certer.

The tensile properties and hardness of the various specimens, frem
each alloey on which the testing has been completed, are listed in Table 2k,

A5 noted in Table 2L, a few of the specimens showed some evidence
of a nonuriform cross section, but there was no indication of urmelted
alloy in any of the fractures, Comparing the tensile properties for the
various alloys as listed in Tables 23 and 2h, it is evident that results
quite eomparable mth:f- B¢ ier tosts were obtained from a considerable
number of these compositions.

This work of re-evaluating the better allioys All be continued,

ket D il |
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JNVESTIGATICN OF REFRACTORIES FOR MELTING TITANIU'EL

(F. D, Maddex and L. W. Eastwood)

The investigation of refractories for melting titanium was con-
tinued. Following the previously established practice, 10— t.o'l 15-gram melts
were made umler an argon atmosphere.’ After cooling, the mel‘ts: and erucibles
were sectioned and examined.

During the period covered by this report, the evaluation of the
nelts made in the tantalum carbide- and tungsten beride-lined carbeon eru-
cibles was completed. Additional melts were made in hot-pressed titanium
carhide, hot-pressed zircomium cxide (stabilized with 0a0), caleium oxide,
calecium oxide ffluxed with TiOo}, amd alumlnum oxide erueibles, The last
3 crucibles, made by comprossing and sintering, had porosities of 1.6, 0.8,
and 1.6 per cent, respectively.

The hot-pressed zirconium exide crucible was wet by the titanium
in only one place, However, the Vickers hardness inereased frem 160 for
the melting steck to LUD for the melt. A& survey of the melt showed that the
metal near the point of wetting was LD to 60 Viclkers mumbers harder than
the rest of the melt. WNo hardness values below L00 were found. It is,
therefore, remotely possible that the hardness increase may hava resulted
I'rom contamination introduced at the point where the titanium wet the
erucible,

This zirconivm oxide crucible will be examined to show variations
ir composition or structurs if any can be detected. Since this is the first
refractory material which had areas not wet by the titanium, further ex—

perimental work will be carried out to expler:s the refractory fully.
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Examination of the melts made in calcium, oxide, calcilrum oxide
fluxed with 2 per cent TiOp, and aluminum oxide crucibles shows that the
liquid titanium reacts with these crucible materials, Hardness measure-
ments will be made and they should indicate ths extent of the reaction.
The results of the present experimental work are sunnnar;ized in

Table 25,

ANALYTICAL METHODS FOR TITANIUM-BASE ALLOYS

Studies on the Chemleal Analysis of Oxygen in Titanium
by the Chlorine-Carben Tetrachloride Metbod

(E. J. Center and 4. C. Eckert)

In the previous bimonthly report, there¢ was a brief discussion
of the chlerine-carbon tetrachloride method for determining oxyger. It was
indicated that a detailed description oi“ the apparatus and technigues used
in the investigation of this prapesed analytical method would be ineluded
in this report. The following section contains these data,

It was suggested that the decomposition eof titanium by a mixture
of carbon tetrachloride and chilorine might serve as the basis for a deter—
mination of small guantities of oxygen in the metal., Treatment with this
gaseous mixture should distill the tditanium as titenium tetrachloride,
releasc any free oxygen present, and convert any combined oxygen to carben
menoxide or carbon dioxide. Passage of the products of this reaction over

hot carbon should convert all oxygen to carbon monoxide,which could then

on reperted metheds for the determination of oxygen in arganic compourris(l’z),

together with the muggestion that the carbon tetrachloride—chiorine mixture

S ':";h- W Mmﬁ [T Sy -u; |, TP

be collected and analyzed by conventional metheds. This proposal was based

should readily decompose titanium metal and titanium oxides at mederately
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high temperatures. f

This investigation shows that such a method involves certain
difficulties which makc it impractical. & variation of the method based en
distillation of the titanium (as the tetrachloride) by treatﬁent with
chlorine followed by chemical analysis of the residue alse aﬁpears to be
impraectiecal.

This investigation consisted in first finding satisfactary
materials for construction of the necessary apparatus and then finding a
set of conditions under which decomposition of the sample would run to a
sufficient degree of campletion.

Fipurss 32 and 33 show a schematic drawing and a photograph of the
apparatus, The purifying train was constructed of Pyrex giass and Tygen
tubing and the combustion tube was made of fused silica. Fused silica and
ceramic Leco-Type HF-C boats were used to contaln the sample. The various
samples used included both Buresu of Mines titanium powder and Du Pont
sponge titanium, Table 26 gives the typical analysis of the Bureau of Mines

powder, Table 27 summarizes pertinent information concerning the runs

#*
made,

# In crder to check the general operation of the train and furnace, a
number of qualitative runs were made. These runs are not included
in Table 27.
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TABLE 26. TYPICAL AMALYSIS (F BUREAU ﬂig
OF MINES TITANTUM PCUDER -
‘_:ﬁ
Element Per Cent _;f :
N 0,02 ’
Fe O.lii
Mg Oc h6 s
51 0.02
H2 C'. 12 -
A1 0.01 -

In Table 27, it is evident that the decomposition of the sample
was never better than 59.7 per cent, except when tempe}atures above BO0O°Ci
were used. Although the residuss of these high~temperature treatments are
zpproximately 3 per cent of the sample treatzd, they represent less then
two hurdredths per cent of the origiml sample, since they are residues from
titanium metal decampositions which took place at lower temperaturss, This
two-step procedurc “as used because it was found that the heat of reaction
of the oullt sample was so great that it was difficult to avoid cracldng
the boats. In order toc have z weighable guantity of material after the
high—temperature treatment, it was necessary to start »ith a large
quantity of orlginal sample. Becazuse of physiezl limitations, it was
generally more convenient to perform the lower temperafure decompositien
of this larpe guantity in severel smaller batches. .

The results recorded in Tablc 27 shew that, 2lthough the de—
composition of the sample was sufficient at the higher temperztures, 2

significant amount of attack took place on both kinds of boats ihvéstigated.
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TABLE 27. OSUMMARY OF RUNS

9

e ———— e ———

Average Boat Con— ’l

‘Run Temperature, Time, : 4 sumption, -
Ko, °Ca Hours Sample Residue Mg :
1 Lgo 5  DBureau of Mines powder 1.2

2 L50 2 Ditto 0.8 .

3 450 L " = B, (2}

4 525 5 " _ - {(2) -
5 525 6-1/2 " -3.73 (1) (2)

6 525 6-1/2 " 0.9 (1} (3)

7 550 1.-1/2 i 0.8 0.0

8 550 2-1/2 n (2)

9 550 7-1/2 Du Pont sponge 0.32 -

10 575 1  Pureau of Mines powder (2)

11 €50 7 Ditto 0a54 15

12 650 6 " 0.75 3 (2)

13 675 5 " 0.72 0
1y 675 L-1/2 0,5 126.3

15 850 3-1/2 Residue Run Noi 6 2,7 26.2 (3)
16 850 g Residue RursNom. 9, 3.3 26,4 (3)
11, 13
17 875 ) Residue Run No. 12 H 2.4

(1) Ko CCL, wsed,
(2) Boat cracked during run,
(3) Leco HF=C boat used.
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“hotograph of the apparatus,
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Sincg the atiack en a siliea boat probably involves a reaction in which
oXygen 1s released, 23 carbnon monoxide, it is likely ¢that thelquantity
avceived from the wells eof the silica combustien tube weuld cause an ox—
cessively high oxygon blank'in an actual determination, :

Correlatﬁon of results from spoctrographic and X—ray diffraction
anzlyses of residues frem the lower temperaturs renctions indicates that
these materials consist essentially of spingls. Oy 2 trace of quartsz
is present, Magnesium is presont, principzlly as magnesium oxide, although
it is possible that zome of it is 2 constituent of one of the spincls. Ha
oxide of tit=zmium is found, although somz of th: spincls posxibly presert
cont=in titaniwm toguther vith oxygen in the ratiec of 1 or 2 oxygen atoms

por tiftapivm 2tom.  Beequse of their close similarity in structurl rrangs-

mnt i lattice constaimt, individual spinels e-vnot . distinmiished on

A

Y =

the boasis of I-ray avidinee,  The axistenc. o spirn . is is probably the
ardorleivg fictor in marine dovelomment of bhe nnizticsl metheod ditiicult,
sinc. tho are oxtromely difficult to decrmpos .. dichurdser, +nd co—wnrkwrgj)
fourd tint ir o+ strosm of ehlorire ~t 10.0°C., Ter 35 hours o sirilisr spdinel

lest only 1645 per coent of 165 ~wight.

Q.

oL the rogldu. frov rezctions —ith chlcrine siene, el vienk
anzlys.s necount for & larg. pere=ntag: of the oygq srectd te ! fournd

ir th- swmeles,  Mevover, cmeortainte wxiszts oo te lez- 1 wweon owniothe

exidation et~t: cf titwnde ngzeelztet -4ty cwve n Lo frr

additionnl irferrmotion, it 9 impessiri. to mstariic: A4 ririt . 1estar
Toroghlounttitg aveln ool nt Umem th oob mions nltEe
= Tho Teiledng oplrods T2t rrogantr LingLf)g Tiop TILU .
- [ [ +
H
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On the basis of results discussed above, it is concluded that the
carbors tetrachloride-chlorine method is impractical for the determination
of srall amounts of oxygen in titvanium metal because a significant amount
of the oxygen is combined in spinels and, thus, conditions aré required for
decomposition that cause excesslve attack on the beat and thelwalls of the
comoustion tube, The chlorine-chemiczl anzlysis methed fails because of the
uncertainty as to the Ti-U relaticnship in the criginal sample and in the
chlerination residue,

The analysis of Titanium for Oxygen
by Vacuum-Fasion Methods

in the srevicus bimontily repori, the techniczue used at ilatieile
and the results cbtained in the aralysis of titzniur for oxygen by the
vacuum=fusion method were described. In the abovs= report, it was indio:ted

that samples of iodide titanium =«itn known amcunts of oyxrgen added a

My

x

Til,
wers belng prepared and aould be seznt te Cr. L. Jerse, of the Carnepie
Ingtitute of Techo. logy, for vacuum-iunton arnaliysis i: nlie lalcratory.
This szcoien describes (1Y the pre aratiern of the standard
samplas, (2) the ayparatus and techmigue used nv Dr. 2ree, and {(3) tre

resulte of araivsis.

Treraration of the >tardard Zarples
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A4 small capsule of iodide titanium was prepared by dr?lling a
hole in the iodide titanium, adding a weighed amount of dried C.P, Ti(?
in the hole, and plugging the hole with a machined rod of iodide titanium,
The prepared stancard was then double welted in argon. Before mélting,
the system was evacuated to abtout LO microns three times, flushing to
about &0-cm.pressure with dry, pure (99.95s) argen between each evacuation.
Then, the system was evacuated to 0.1 micren, and 10-cm. pressure ef argon
was admitted, The system was evacuated to 0,1 micron again and 10-cm.
pressure of argon was admitted. The arc was then struck against the copper
crucible away from the charge. kelting was complete in 10 to 15 seconds.
after cocling, the button was turned over and the melting procedure was
repeated.

Ten standard samples of iedide titanium -:ith xnom additions eof
oxygen ad.'ed as TiO, vwere prepared in this manner. after melting, the
specimens vere ground and the Vickers hardness determined on the top and
bottom of each specimen. Table 28 contains the data rertinent te the
preparation of the standard samples. Figure 3L shows the relation of the
Yiclkers hardness and the. calculated oxygen content. The correlatior. be~
treen hardness and oxygen content 5ho.s remarkably little variation. These
samples were assignec runbers, as indicated in Tatle 2R, and sent tc

Dr. Derge fer analysis.

bl it i o SR R R
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TABLE 28. OXYGEN STANDARDS FOR ANALYSIS '
Total '
Total “it. of Less ar
", of Sample Gain in Designation
Sample  After Vielght Fer Cent Assigned
Before Double During Ti0, Oxygen 1) to Sample
Sample helting, helting, kelting, Added, in VHN( Sent to
No. Grams Grams Grams Grams Sample® Top Bottom Dr. Derge
1 7.9246 7.9231 ~D,0015 Kone Hone 97.6 97.% 2
2 7.79L  7.7952  +0,0008  Nene Nene 85.1 101,3 5
3 7.9997 8,0135 40,0138 0.0038 0C.019 108 106 3
L B.20L5  B.002é -0,0019 0.00L4L3 0.0215 106 106 9
5 B.0L76  B.0163 -~0.0013  0.0200 2,190 148l 168 1
6 8.0205 8,0202 ~0,0003 00,0201 0,100 153 156 L
7 38,0516 B8.0500 -0,2016 0,0516 C.257 206 21l 7
8 B.0LBS  8.0u56 -0.2030 0O,0486 0.2L3 218 216 10
9 7.9989  7.9970 ~0.001% 0.0999 0.500 296 281 &
10 8.0004 7.9950 ~0.0054 0.1020 0.510 284 275 8

# Calculated from final weipght of sample after relting.
(1) Average of 5 readings,
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The Derge Method of analyzing for
Oxygen in Titanium by Vacuum Fusioo (M. 'Y, Mallett)

Apparatus and General Technique. The madificaticn of the vacuum—
fusion method used by Dr. G. Derge, at the Carnegie Institute &f Technoloegy,
for the determination of aexygen in titanium may be described aé follows:
Figure 35 is a schematic diagram of the Carnegie vacuum-fusion apparatus.
Specimens are intreduced into the evacuated system by the mercury 1lift, 4,
and stared in arm, B. 4 tapered, ground cap permits nonmagnetic samples
to be put in the storage arm with the system at atmospheric pressure.

This assembly is connected to the Pyrex furnace head. -

The furnace assembly is showm in detail in Figure 36. The tech-
niques hava beon described rather complctely by Derge, Peifer, and
Richards(h) and Dergc(g). Bocause most of the details of the analytical
triin and proccdurc ar:s also given in the £irst paper, they will be dealt
with but briefl: here,

Twe mercury diffusion pumps, B and I, are used to ruemove rapldly
the evolved gases from the furnace. Pumps, % axnd L, also iid in ﬁhe
evacuation but are ussy prinarily to pack the giscs into the znalyticesl
troin, Lator, w2y ecirculats the gas sampls through the coper oxide
tubo, 9, and the frocring trap, ¥ The proessur: in t. collectior system

is ruead on the dibutyl phthalate manometer, G,

tetals Technology, T.P. 2352, Junz, 15L0.

L)
§) Journal of : ctals, Vol. 1, pn. 31-33, 15L9,

(
(
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The completion of the gas evolution from the metal sample is
shown by a reduced rate of pressure rise, equivalent to that for blank

gases, At this time, stopcock, 2, is closed ard the gas is measured in

the large volume, to stopcock, 7; depending upon the amount bf gas ex~
tracted. After measurement, the gas is oxidized (CO to COp and Hp to HpO)
in the copper oxide tube, and the HpO is frogen out ln trap, M, by means
of a dry ice—acetone mixture. After 10 minutes, the residual gases (COp

] and Np) are collected, in 5 minutes, in a2 suitable volume and measured,
Liquid nitrogen is then put on the trap, L, and the CUp frozemn out in a
period of 5 to 10 minutes. The residual gas is then puwmped into a collec-
tion volume and measured.

The volumes of Hp and COp are determined from the calibrated
volunes of the systam and the drop in prossure during selective freezing.

The residual gas is nitrogen,

The Analysis of Titarlum. One or more titanium samples are

stored in the Pyrex storage arm along with a supply of earbor-satnrated irem
and lwaps of tin. For a l-gram sample of titanium, 25 grass of iror and 5
grams of tin are useds The furnacc zzsembly is dégaSSEJ ty lwatdng at
1950-2250°C. for i tc § hours. her a S-minute tlan. at this tarnperatare
indicates the syster to ba suffielently dogassed, the temrerature is Arorped
to 180C°C, and 25 grams of iron ar- drop;=d into the crucicle and d.gassed.
A 1C-mirut= blen’, is tazer 2t 180G°I. o zceondblam - 35 tosen at LT
Flve grams of tin are drocoed at 1LOD°C, and deczgs-d, and o tolirs Rlane is

tagen, The blanor b LLOC%, ang 170050, ar ueunlliy <din, l:r i vrelure,.
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The 1800°C. blank is higher. & curve of the blank gas volumes
per unit time versus temperature 1s drawn and used 1n correcting the gas
volumes collected from the sample.

The sample of titanium 1s then maneuvered inte the furnacs by
means of an iron slug moved by a small permanent mapgnet. If gas evelutlon
at 1400°C. 15 not greatly higher than that of the empty erucible, the
temperature is gradually raised to 1800°C., hesitating at intermediate
temperature where a marked inerease in the rate of gas evolutlion is noted.
The extractlion is usually compléte in 30 to &0 minutes. The gas 13 measured
ard analyged as indicated above,

During znalysis of the gas, the furnace is exhausted into the
storage bulb, J. Upon completion of the analysis, the system is connected
to the fore pump, and 5 minutes allowed for removing residual gas from
the analytical train and the gas from bulb, J.

In preparation for the second sample, an additional 25 grams of
iron are dropped and degassed and the emtire procedure of determining
blanks and dropping additional (5 grams) tin is repeated,

Most of the hydrogen is evoived immediately upon melting the
sample. If the sample contains considerable oxygen, a burst af GO is

noted at 1600-1630°C.

Notes and Comments. The dry ice-acetone mixture 1s aspirated,

lovering its temperature to —105°C., befere placing on the trap. However,

1t returns almost immediately to about —80°C. whet placed around the trap.

BATTELLE MEMORIAL INSTITUTE
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The copper oxide is made by oxidizing 1/L" by 1/4® squajres of
¢opper gauze by heating in air, ' «

The furhace tube is eleansd with acid each day. The crucible ‘
] and graphite funnei are discarded, Other grephite parts and powt}er are
. re-used without treatment.

The speed of the furhace pumps and the conductance of the connact- H
ing tubing dewn to the melting crucible is comparable er inferior to that -—_ 1
of the Battelle vacuum—fusion outfit.

Dr. Derge uses a split graphite container for his graphite in-

sulating powder, whereas a beryllia thimble 1s used for that purpose at
Battelle., Using a graphite shell may result in a slightly lower blapk.
A similar split graphite shell tried at Battelle showed excesslve heating,
apparently because the frequency (300 Kec) of the Lepel converter is much
higher than that of zn Ajax converter (30 Kc).

The apparatus at Carnegie Institute nses a water-cooled furmace
tube, wnereas an air-cooled furnace tube is used at Battelle. This varla-

tion between the equipment at the two labo. atories may possibly make a

ik

difference in the gettering effect of vaporized metal. In fact, when the

Battelle and Carnegie vacuum-fusion apparafus and technlques are compared
in their entirety, the difference in cooling the furnace tube api:rears to

be the only factor which might have significance.

The Results fram Vacuum-Fusion Apnalysis. The analytical results

reported by Dr. G. Lerge for the tern samples are listed in Table 2%, to-
gether with the calculated oxygen cortents, With reference teo these analyses,

Dr. Derge had the follewing comments:

BATTELLE MEMORIAL INSTITUTE
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'
'Samples were cut from the discs you submitted in |

pile-shaped segments so as to average effects of segregation
as much as possible.

tSample 1-1 was analyzed ....... T“ie were aware of the
fact that our blank was unsatisafactory, but it seemed wilsest
tn proceed with the analysis....... ‘e do not believe this
' result has anything but qualitative velue. A reasomable correc—
: tien foar the additional gas enllected at the end aof this
analysis would bring this result into agreemznt with Sample
1-2, but we prefer to regard this as fortuitous. It will alsn
be observed that the originsl calculations for Sample 1-3 show
an urmsually high nitregen value, indicating that the copper
oxlde catalyst was exhausted during this analysis. If the
ritrogen results from Samples 1-1 and 1-2 are averaged and
Sample 1~3 is recalculated on this basis, the agreament with
Samples 1-2 becomes satisfactory for oxygen. e believe that
this 15 a legitimate correction of the data.

"Sample 62 was analyzed in the same crucible as Sanmgle
6-1 by adding additional iron and tin and repeating the normal
analytical procedure, similarly Ffor Samples 8=1 and 8-2, In
both cases, the second sample was considerdbly lower than the
first and this practice was discontimied at this point, A1l
other samples were analyzed in individual crucibles,f

The analytical data are 1listed in Table 29 and graphically
represented by Figure 37. It will be noted that excellert checks were

obtained by duplicate analysis of thc same specimen. “'ith the exceptlon

RN L B TR Tt e ke e i o il

of the sample containing 0.257 added oxygen, all the analytieal results
are within #0,05 per cent of the intended an=lysis, i.e., the addef;!
oxygen plus the residual oxygen. The rzlationship of hardness te the
per cent added oxygen is much mere precise than tbe relationship of

_. hardness to the oxygen content by analysis, This 1s shown by comparing

Figures 37 and 38.
“hile the accuraey of #0,05 per cent oxygen leaves samething to

ba desirad, it should be noted that the intended analysis of the "sta-ndard'l o

"l TR

samples may be less accurate than anticipated, Likewise, the disparity

e

between the internded analysis and analyticczl rasult obtnined on'the sample

i,
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TABLE 29. RESULTS OF V.iCUUM=FUSION AEALYSIS !

!

Sample No. =
Assigned
to the
Specimszn .
Battelle Per Cent Before iAverage
‘ Sample Oxygen Sending to Fun Vacuum-Fusion Analysis, % ~VHN of
Mo. ~  Added  Dr. Derge Fo. H .0 - N Sample
1 0,0121 0.0135 0. 0007
1 None 2 2 0.0125 0,012 ©.0018 95
Avg. 0.0123 0.0139 00,0013
2 None 4 1 0.0131  o,041 0. 0002 95
3 0,019 3 1 0.0130 0,088 0.0028 -107
L 0.0215 g 1 0.,0088 0,083 0.0063 106
1 0,0106 0.0L2* 0,0033*
5 0.100 1 2 0,0102 0.0%L 0.00l1 146
- 3 D0.0149 0.056%® 0, 0L5**
3 I‘ecalc - — 0. 080 Da 0037
. Av’g. 0.0126 OIOBT 0.0039
1 0.0136 0.12] 0. 0005
) 0. 100 L 2 0.,0128 0,146 0.0008 155
Av’g. 0.0132 0-\135 Onm
1 0,0057 0.09L 0.0023
7 0.257 7 2 C.0108 0,136 0,015 210
Avg, 0.0103 0.125 0.0087
1 0.0106 0.30L 0.01)
8 0.2h3 10 2 0.023L  0.307 0.017 217
Avg., 0.0170 0.306 0,016
, 1 0.01L6  0.562 0.0016
. $ 0,500 6 2 0,0127 0,513 0,0015 289
. Avg, 0.0137 0,538 0.0016
1 0.0098 0.547  0.0007
10 0.510 8 2 0.0089 0,485+ 00,0008 280
3 0.0159 0,518 0, 0008

Avg, 0.0115 0,517 0, 0008

# TUnsatisfactory blank, poor value.
## See discussion.
###  Result probably low. See text.,
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. !
containing 0,257 per cent added oxygen remains unexplained. It is con—
cluded that, even though further wark is required to produce grea‘é.ar agcuracy
and relisbility, the techniques developed by Dr. Derge represent a real

contribution to the technology of titanium.
FUTURE WORK

The evaluation of the more promising high-strength alloys will
be continued, However, before selecting an alloy composition that will be
prepared in relatively large ingots, several selected alloys will be bre-
pared as 2-pound ingots to evaluate the fabrication characte.ristiés of
these alloys when prepared as intermediate sized ingots.

Preparation and study of O.5-pound binary, ternary, and more
complex alloys will be continued. I

The investigation of refractory materials for holding molten
titanium will be contimued. Test crucibles of tantalum silicide, tungsten
silicide, and molybdenum silicide have bteen made by siliconizing machined
crucibles of each of the metals. Hot-molded crucibles of molybdenum carbide
ard thorium oxide have been received from the Norton Company. A magnesium
oxide crucible has been prepared by pressing and simtering fine powder,
Tests will be made in all of these crucibles.

Het-molded crucibles of tantalum carbide, both TaC and Ta,C,
titanium nitride, gircomiwm nitride, and boron carbide are being prepared
by the Worton Company far evaluation, Titanium baride, tamtalum beride,
girconium boride, tungsten boride, and molybdenum boride powder have been
ordered. The Korton Company will attempt to prepare hot-moldad cruciblea-

from these materials and from tungsten amd molybdenum silicides now on hand,

]

BATTELLE MEMORIAL INSTITUTE




!

e R g e LT — M o Sl

— e

e #———

e ——

=120—
!

Quotations are being obtained from the Norton Company on hote
pressed cyucibles made with a mixture of carpides such as 75 Pslr cent
silicon carbide—25 per cent boron carbide, and 75 per cent silicon carbide-
25 per cent zirconium carbide, and on hot—pressed crueibles of titanium
baride, zirconium boride, ¢ hromium boride, and boron nitride. Tjne present
attempt to locate a supplier of refractory materials such as titanium,
girconium, magnesium, and thorium sulphide, cerium, vanadium, and thorium
nitride, and tantalum, zirconium, and titanium silicide will be continued.

The results obtained with the zirconium oxide (lime stabilized)
crucible indicate that double—oxide compounds may be promising as re-
fractories for titanium. Therefore, compourds such as thorium zirconate,
calcium thorate, and gireonium pyrophosphate,and other deouble oxides or
combinations such as TiQO=-Ca0, ThOs-Zr0s, Ti0p-Zr0p, ThOo—La0, and Zr0p-~Cagl,
will again be considered. Dense crucibles of these materials will be ob—
tained and tested.

Parts eof the “standard"™ titanium oxygen samples sent to Dr. Derge
were returned. These will be sent to Mr, Chapin, at the Maval Research

Laboratory, where they will be subjsct to redetermination of the oa7pcn

content. Thia work will be done gratis.

The data from which this report was prepared are
recorded in the following B,M.1. Notebooks:

¥. 3912, pp. 1 to 30, inclusive;

Mo. U112, pp. 91-98, inclusive;

Ko. h723, pp. 6 to 5k, inclusive;

No. 733, pP. 53 to 95, inclusive;

No. LL6l, pp. 18 to 22;-32 to 33 39 to 605 ¢
63 to 8h; and %0 to 100. .

m
! November 7, 19L9
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