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SUNMARY

The phase relations in titanium -0 to 1 per cent germanium ard

titanium - 0 to 10 per cent nickel alloys were investigated. The addition

of germanium to Process A metal was found to raise the beta and lower the

alpha solvus lines. No germanium-rich phase was observed.

Nickel was found to limit markedly the alpha-phase field and to,

lower the beta solv-us line. A nickel-rich phase appeared in the micro-

structure of the alloy containing about 7-5 per cent nickel when the

specimen was quenched from 145 0'F. The eiatectoid composition in the binary

titanium-nickel syvsteni is placed between 6 and 7 per cent nickel,

9 In the binary titanium-silver system, the range of compositions

investigated was extended to 5,0 per cent silverl and titanium-beryllium

alloys containing 0.1 to-1.0 per cent berylliuma were inveitiga~ted. None of~

these alloys had tensile properties of interest. Binary titani-zirconium

alloys containing additions of I to 10 per cent zirconium were alsr studied,

Sal loys of interest were noted.I UArtUjt WWWRumL iNsyrru1m
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SUMMARY 

The phase relations in titanium ~ () to 1 per cent germanium Bljd 

titanium - 0 to 10 per cent ni.ck~l all(:lYs were investigated. The addition 

of germaniUll\ to Process A metal was found to raise the beta and llYNer the 

alpha solvus lines. No germanium-rich phase was observed. 

Nicke11'fas founi to limit markedly the alpha-phase field and to 

lower the beta solvus line. A nickel-rich phase appeared in the micro-

structure of the alloy containing about 7.5 per cent nickel· when the 

specimen was quenched from 1450 OF • The eutectoid composition in the binary 

titanium-nickel system is placed between 6 and 7 per cent nickel. 

In the binary titanium--silver system, the range <lfc-otnpositions 

investigated was extended to 5.0 per cent silver., and titan,ium-beryllium 

alloys containihg 0.1 to 1.0 per cent berylUum were investigated. None ot 

these alloys had tens11,e properties of interest. Binary titanium--zirconium 
, I . 

alloys cont.aining additions or 1 to 10 per cent zi~oni'\lll\ were a18(" studied. 

Nfl all(IJS of interest were noted. 
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Additions of 1 and 2 per cent columbium or tantalum to Process A

metal were found to increase the tensile strength and lower the ductility

of Process A titanium. The range of these alloying additionO will be ex-

tended.

9 Ternary alloys of manganese and carbon, manganese and vanadium,

and molybdenum and tungsten, prepared by adding the pure metals during arc

melting, were found to have quite erratic tensile properties when tested

after fabrication to sheet. This condition is attributed to incomplete

melting and nonuniform distribution of the alloying metals during arc melt-

ing. The use of master alloys, or hardeners, for introducing the alloying

additions was investigated. This practice appears, in the limited tests

conducted, to give greater homogeneity in the ingot. This melting technique

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 engineering data will be obtained. Limited data indicate

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

tions.

Tests were completed on the evaluation of "hot-pressed" titanium

carbide and graphite crucibles lined with tantalum carbide and turgsten

boride as refractories for molten titanium,. Melts were prepared In crucibles

made of zirconium oxide (stabilized with CaO), calcium oxide, calcium oxide

fluxed aith TO 2 , and aluminum oxide. The stabilized zirconium Oxide cru-

cible .!as the first refractory tested which had areas not wet by the molten

titanium. Therefore, additional melts in this type of crucible are planned

to evaluate this refractory further. None of the other refractory mate-

rials tested appear to be useful.
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Additions of 1 and 2 per cent c'ol'Umbium or tantalum to Process A 

metai :were found to increase the tensile strength ahd lower the ductiiity 

Qf Process A tltan;i.um, The range of these allQying addition~ will be ex.,.. 

Ternary alloys of manganese and carbon, manganese and vanadium, 

'and molybdenum and tungsten, prepared by adding the pure metals during arc 

melting, were found to have quite erratic tensile properties when tested 

after fabrication to sheet. This condition is attributed t("l :l,.ncomplete 

melting and nonuniform distribution of the alloying metals during arc melt~ 

ing. The use of master alloys, or hardeners, for introducing the alloying 

additions was investigated. This practice appears, in the limited tests 

conducted, to give greater homogeneity in the ingot. This melting techniqu:e 

" will be u.sed 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 engine~ring data will be obtained. Limited' data indicate 

that the tensile proper'tiies can he reproduced on most of these alloycomposi-

, tiona. 

Tests were completed on the eva).uation ofllhot-pressedlf titanium 

carbide and graphite crucibles lined with tantalum carbide ahd tur,gsten 

boride as refractories for molten titaniUIiI,. Melts were prepared in cruCibles 

made of zirconium oxide (stabili~ed with CaO), calciUlli oxide, calcium oxide 

fluxed>'d th Ti02, and aluminum oxide. The stal:)ilized zirconi'UIn ~~decru"" 

cibl.e ':ras the first refractory tested which had areas -not wet by the molten 

titanium. Therefore, additional melts in this type of crucible are planned 

to evaluate this refractory i'urther. None of the other refr.actory mate-

rials tested appear to be useful. 
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Standard specimens of iodide titanium, containing known amounts

of oxygen added as TiO2 , were prepared and submitted to Dr. G. Derge, of the

Carnegie Institute of Technologyfor vacuum-fusion analysis. The results

reported from this laboratory indicate that the vacuum-fusilon technique,

as it presently exists, yields fairly reliable results. Relatively minor

inconsistencies in the analytical results were obtained. At the present

time, it is not known whether this is inherent in the analytical technique,

V or merely reflects slight nonuniformity in the composition of the sample

ingots.

INTRODUCTION

During the bimonthly period covered by this report, September 1

to October 31, 1949, the experimental program on titanium has continued.

The phases of the work described in this report are as follows:

1. Arc ielting Titanium-Base Alloys.

2. Evaluation of Experimental Titanium-Base Alloys.

3. Investigation of Refractories for Melting Titanium.

4. Analytical bethods for Titanium-Base Alloys.

ARC ELTING TITAN flM-BASE ALLOYS

(0. ";. Simmons and C. T. Greenidge) 4

Approximately thirty-five Os.5-pound ingots were made and submitted A

for fabrication during the period September 1 to October 15, 1949. The in-

tended compositions of the ingots, on which the testing has been completed,

are listed under the section on tlEvaluation of Experimental Titanium-Base

Alloys".

BATMrwL MOSMEAL. INTUTS
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Standard specirnens of iodide titanium, containing known amounts 

of oxygen added as Ti~,· were prepared and submitted to Dr. G. Derge, of the 

Carnegie Institute of Technology,for vacuum-fusion analysis. The resUlts 
i 

reported .from this laboratory indicate that the vacuum-fusi:on technique, 

as it presently eXists, yields fairly reliable results. Relatively minor 

ir • ..:onsistencies in the analytical results were obtained. At the· present 

time, it is not Imown whether this is inherent in the analytical technique, 

or merely reflects' slight nonutdforrni ty in the composition of the. Sample 

ingots. 

INTRODUC'flON 

During the bimonthly period covered by this report, September 1 

to October 31, 1949, the eXperimental program on titanium has contirru.ed. 

The phases of the work described in this report are as follows: 

1. Arc itiel ting Ti tani:l1!1...,Base Alloys. 

2. Evaluation of Experimental Titanium-Base Alloys •. 

3. Investigation of Refractories for llleiting Titanium. 

4. Analytical Methods for Titanium-Base Alloys. 

ARC M]4,TING T1T~IUM-Bi\3E ALLOYS 

(0. ":. Simmons and C. T. Greenid~e) 

Approximately thirty'-li ve O .• 5-pound ingots were made ,and subnrl. tted 

for fabrication during the period Septembel' 1 to October 15, 1949. The ·in-

tended compositions of the ingots, on which the testing has beer, completed, 
I -

are listed urrler the section on "Evaluation of Experimental Titanium-Base 

Alloys". 
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Some difficulty was experienced when high-strength alloys contain-

ing manganese were tested. It was found that manganese had not satisfacto-

rily gone into solution to produce a homogeneous ingot. Although manganese

is a relatively low-melting-point material, its density is sufficient to

cause it to sink below the surface of the molten bath where it cannot be

subjected to the direct heat of the arc. This necessitates solution of a

solid phase in the liquid bath rather than the mixing of two liquid phases.

To counteract this nonhomogeneity, it was decided that the manga-

nese should be added in the form of a master alloy. A 35 per cent manganese

alloy was prepared by arc melting electrolytic manganese and Process A

titanium. This alloy wiras readily crushed and then screened to 20- to 40-mesh

size and used in preparing three ingots to evaluate this procedure.

This technique appeared to produce more uniform ingots, and,

subsequently, the following master alloys were prepared.

1. 58 per cent chromium eutectic alloy (crushed readily).

2. 35 per cent manganese alloy (crushed readily).

3. 35 per cent iron alloy (crushed readily).

4. 34 per cent nickel eutectic alloy (crushed readily).

5, 35 per cent vanadium alloy (very difficult to crush).

Since the constitution diagram of the manganese-titanium system

was not knoun, several small ingots were prepared for microscopic examina-

tion. These ingots contained 35, 40, 50, 60, and 70 per cent manganese,

respectively. An alloy containing acout 53 per cent manganese was selected

as having essentially a eutectic structure.

UA~tWJ.Z MOIA -?ITT
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Some difficulty was experienced when high.-.strength anoys contain-

ing manganese were tested. It Vias found that rnanganese had not satisfacto-

rily gone into solution to produce a homogeneous ingot. Altho~gh manganese 
I 

is a relatively lbw-melting-point material, its density is sufificient to 

cause it to sink below the surface of the mol ten bath where it canno'c. be 
. i 

subjected to the direct heat of the arc. This necessitates solution of a 

solid phase in the liq~id bath rather than the mixing of two liquid phases. 

To counteract this nonhomogeneity, it was decided that thE! manga­

nese should be added in the form of a master alloy. A 35 per cent manganese 

alloy was' prepared by arc melting electrolytic manganese and Process A 

titanium. This alloy "'Tas readily crushed am then screened to 20- to 4~mesh 

size and used in preparing three ingots to evaluate this procedure. 

This technique appeared to produce more uniform ingots, and, 

subsequently, the following master alloys wers prepared: 

1. 58 per cent chromium eutectic alloy (crushed readily). 

2. 35 per cent manganese alloy (crushed readily). 

3. 35 per cent iron alloy (crushed readily). 

4. 34 por cent nickel eutectic alloy (crushed readily). 

5. 35 per cent vanadium alloy (very difficult to crush). 

Since the constitution diagram of the manfftneso-titanium system 

vIas not knmm, several small ingots 1':ei'e pr.epared for rrdcroScopic examina-

t~Oh. These ingots contained 35, 40, 50, 60, arAi 70 per ~ent manganese, 

respectively. An alloy containing abOut 53 per cent mang~nese ~as selected 

as having essentially a eutectic structur~. 
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Small test ingots of vanadium and of iron have also been prepared

for microscopic examination The eutectic compositions in these systems will

be selected for the master alloys, and the necessary melting stock will be

prepared,

Twvo 2-pound ingoLu of the 5 per cent chromium, 2 per cent iron,

and 0.25 per cent cabon alloy were prepared for forging. These ingots were

melted in the arc furnace, using pure metal additions and a carbon electrode.

The carbon addition was made by incidental picup from the electrode.

A master alloy containing about 2.5 per cent nitrogen was prepared

in the follovng manner: Titanium powder about hO to 60 mesh was treated

in the Sievert's apparatus to produce a nitrogen content of about 2.5 perI

cent. This material was very thoroughly mixed after removal from the

apparatus to eliminate any nonuniformity which might exist. The powder was

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

sintered at 1900F. for 2-1/2 hours at -0.1-micron pressure. The resultant

bars were cut into pellets about h-mesh size to provide stock for adding

to the melts. The pelleting procedure severed a double function. As origi- j
nally treated, the titanium powder was very difficult to add to the bath.

The small size and low density of tb powder permitted it to be carried out

Aof the melting chamber by the hot furnace gases. However, the pellets

9 dropped directly to the bath, where they floated until melted by the direct

impingement of the arc. This procedure insured a uniform ingot composition

through the mixing of t.;o liquid phases.
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Small test ingots of va'1adiu.Ttl and of iron have also ,been prepared 

, for microscopic examinq.:tiolh The eutectic compositions in these systems will 

be selected fOr the master alloys, and the necessary melting stock will be 

'J.\vo 2-pound ingol.v of the 5 per cent chromium, 2 per cent iron, 

and 0.25 per cent c&.. jon alloy were prepared for forging. These ingots were 

melted in the arc furnace, using pure metal additions and a carbon electrode. 

The carbon adgition was made by incidental pickup from the electrode. 

A master alloy containing aboUt 2.5 per cent nitrogen was prepared 

in the folIo-wing manner: Ti taffium povrder about 40 to 60 mosh was treated 

in the Sievert's apparatus to produce a ni~rogen content of about 2.5 per 

cent. This material wa$ very thoroughly mixed after rGllloval from the 

apparat1.lS to eliminate any nonuniformity which migbt exist. The powder was 

then compr~ssed into bars 1/2 inch wide by 1/4 inch thick, which were 

sintered at 1900°F. for 2-1/2 bours at .,..Q .. l-micron press1.U'e. The resultant 

. bars were cut into pellets about 4-mesh size to provide stock for adding 

to the melts. The pelleting proced~6 severed a double function., As origi-

nally treated, the titaniUm pO:'lder was very difficult to add to the batb. 

The small size and loy; density of 'tile powder permitted it to b0 carried out 
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EV.4LUATION OF EXPERINETAL TITANM-BASE ALLOYS

'(C. M. Craighead, F. Fawn, and L. W. Eastwood)

The alloy evaluation work during the present bimonthly period has

9 been directed toward the investigation of:

1. Binary titanium-germanium alloys.

2. Binary titanium-nickel alloys.

3, Binary titanium-silver alloys.

4. Binary titanium-beryllium alloys.

5. Binary titanium-zirconium alloys.

6. Binary titanium-columbium alloys.

7. Binary titanium-tantalum alloys.

8. Ternary alloys of titanium.

9. Evaluation of selected alloys.

Binary Alloys of Titanium

In the previous bimonthly report, data on the mechanical properties

and the response to heat treatment and aging of titanium-germanium and ti-

tanium-nickel alloys were listed in Tables I and 2. The microscopic examina-

tion of specimens of these alloys, quenched from temperatures of 1450, 1550,

1600, 165o, 1700, and 17500 F., has noir been completed. Table 16 shows the

phase relations observed in the titanium-germanium alloyts. These data are

shown graphically in Figure 19.

"ith the addition of germanium, up to about 1 per cent, no ger-

manium-rich phase was evident in the structure of the quenched specimens.

However, as indicated in Figure 19, the addition of germanium to Process A

titanium raised the beta and lowered the alpha s91vus lines.
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~VALUAT1.QNOF_ ,WER:tM~~1l'AL TITAN.r1JM~BASE: __ AL:L9YS 

. (c. M. Craighead, F. Fawn, and L. '1;[. Eastt-v06d) 

The alloy evaluation YTork during the present bimonthly period has 

been direlZted tbw'ai'd the investigation of: 

1. Binary titanium-germanium alloys. 

2. Binary titanium-nickel alloy.s. 

3. Binary titanium-silv8r allOys. 

4. Binary titanium .... beryllium alloys. 

5. Binary titanium-zirconium alloys. 

6. Binary titanium-columbium alloys. 

7. Binary titanium-tantalum alloys. 

8. Ternary alloys of titanium. 

9. EValuation of selected alloys. 

Binary Alloys,of Titanium 

In the previous bimonthly report, ciata on the mechariical properties 

and the response to heat treatment and aging of titanium-germanium and ti-

tanium-nickel alloys were listed in Tables 1 and 2. The tnic~oscopic examina-

tion of specimens of these alloys, quenched from temperatures o£ 1450, 1550, 

1600, 1650, 1700, and 1750 of., has no'\' been completed. Table 16 show,s the 

phase :relations observed in the titanium-geJ:'IDanium alloys. ThE:;se data are 

" shovrn graphically in Figure 19. 

'''ith the addition of germanium, up to about 1 per cent, no ger­

manium-rich phase '.'ias evident in the structtU'e of the quenched spec1met.s. 

However, as indicated in Figute 19, the addition of germanium: to Process A 

titanium raised the beta and lowered the alplla ~~vus lines. 
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U TABLE. 16. F-HASES FRESEi'IT INl BI=AR TITANIU.lI-GER 1~ ALLOYS
AT TEI,5EBATURE S INDICATED - PROCESS A I-ITAL BASE

As Hot Heat Heat Heat Heat Heat Heat
Heat Intended Rolled Treated Treated Treated Treated Treated Treated

iUo. Composition, .14006F.. .450 0F. 150, 1600 OF. 1.6501F. -1790 F. i750TF.

80 -20 15 -85
VIH180 Unal-loyed a a a a + a + P pp

85-15 60 -40 5 -95
IXIHl7O 0. 1Ge a a a+ a + a + Pf

95 -5 70 -30 10 -90
IIH169 0.5 Ge a a a+ c a+ a+

-90 -10 70 -30 30 -70
1IH168 1, 0Ge a a a + a +~

* .. .,. 

Heat 
~. 110 •. ' 
i. 
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mU80 
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HH170 

~ 
~ ilH169 
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TABLE 16. PHASES PRESEiff IN BINARY TITANIUH-GERHAllIUHALLOYS 
AT TEHPERATURES INDICATED - PROOESS A HI::TAL BASE 

AsIIot Heat Heat Heat Heat Heat 
Intended Rolled Treated Treated Treated Treated Treated 

. G9J;llPO f,!:i,t:i;on , ~Ll450o:F. .1459" ... ~550"F .. 16000]'. ~650Of. .. 17QO", 

80 - 20 15 ... 85 
Unalloyed a a a a + ~ a + ~ ~ 

85 - 15 60 - 40 5 - 95 
0.1 Ge a a + ~ a + P a + ~ ~ 

95 - 5 70 - 30 10 - 90 
0.5 Ge a C1 + p a + ~ a + ~ ~ 

-90 - 10 70 - 30 30 - 70 
1.0 Ge C1 C1 a + ~ a + ~ a + 13 ~ 

.[ 

Heat 
Treated 
17500Ji:', 

.~ 
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Similar data en the structure of binary titanium-nickel alloys,

containing up to 10 per cent nickel, are listed in Table 17 and Figure 20.VFigures 21 to 24, inclusive, show typical structures observed in these

alloys.

As indicated by Figure 20, nickel markedly limits the alpha field

and lowers the beta solvus line. -at l450'F., the limit of the alpha-phase

field is less than 1475 per cent nickel and, as indicated in the diagram,

probably less than 1.0 per cent nickel.

As illustrated in Figure 24, a nickel-rich phase (i) appears

at 7.5 per cent nickel when quenched from 1450°F., but is absent, Figure 23,

in the specimen quonched from 1550F. From the available data, the eutee-

toid composition is placed between 6 and 7 per cent nickel in Figure 20.

As indicated previously, the data do not justify further investi-

gation of binary titanium-germanium or titanium-nickel alloys.

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

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

Titanium-Silver Alloys

In the Summary Report, Part III, alloys containing 1 and 2 per

cent silver were considered. The range of silver content was subsequently

increased to 2.5, 3.5, and 5.0 per cent.
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Similar data tn the structure of binary t;ttan;!;um-nickel alloys, 

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

Figures 2l to 24, inclusive, shOYr typical structures observed in these 

alloys. 

As indicated by Figure 20, nickel markedly limits the alpha field 

am lowers the beta solvus line. At 1450 DF., 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 24, a nickel-rich phase (.~) appears 

at 7.5 per cent nickel when quenched from 1450 DF., but is absent, Figure 23, 

in the specimen quenched from 1550 DF. From the available data, the euteCl-

toid composition is placed between 6 and 7 per cent nickel in Figure 20. 

As indicated previously, the data do not justify further investi-

gation of binary titanium-germanium or titanium-nickel alloys. 

Data for binary alloys of titanium with Silver, beryllium, zix--

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

Ti,tanium--3il ver Alloy-s 

In the Summary Report, Part III, il10ys containing 1 and 2 per 

cent silver were considered. The range of s!lver content was subsequently 

increased to 2.5, 3 .. 5; and 5.' per cent. 
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TlIBLE 17. PHASES PRESENT IN BDVARY TIa'AHIll-I-NlCI<EL ALLOYS 
AT TENPERATURES INDICATED - PROOESS A llETAL BASE 

As Hot As Hot 

.. 

Composition. 2; Rolled Rolled Heat Heat Heat Heat Heat Heat 
l{elllt . Actual at Aged Treated Treated Treated Treated Treated Treated 

No. Illtended C Ii 1J 1450o.F. 4 Hrs.-750o.F. 14500])'. 1550o:F. 16000])'. 1650iO])'. 1700o.F. 1750o.F. 
!" " .' 

70 - 30 50 - 50 20 - 00 
WH247 1. 75 ~Ti ... a + j3 a +P a + f3 ~ + ~ a + j3 f3 f3 p. 

60-4040-60 
WH2.46 4-5Ni ... ... cr. +f3 a + i3 CL + f3 Ct + (3 j3 {3 f3 f3 

50 - 50 50 - 50 40 ... 60 15 ... 35 
HB2.45 J.5 Hi 

,... ,... 
cr. + 13 a +j3 13 J3 -13 

15 - S$ 
\JB2,44 5.0 1'Yi ... ... ·Ct + J3 a + f3 !i +(3 j3 l3 Pi '. (3 f3 
tlH241 7.5 ~T:1 - p + Y* /3 + y* J3 + Tr. y* f3 13 J3 j3 /3 

tm237 10.0 lTi ... jJ + y* f3 + Y* j3 + y* f3 + y* J3 + Y* fJ + y* j3. f3 

\.r.Dl** 10.·0 If$. 11 •. 4 Hi o. rJ7 0.029 0.59 13 + r* J3 .. y* f5 + Y* j3 + 1'* P + Y* f3 + y* j3 + y* 

* y indica.tes nickel-rich phase. 
** Data. taken from SUIlID1ary ileport - Part III, page 196. 

.:~ 

I 
$ 
I 

~ 
.~ .. i 
1 
i 
I 
J< 

.' 

I, 

~ 
1. 
J. 
r 
L 



-70-

0ALPHA + BETA 1 _

NBETA -

G BETA + GAMMA(N IkEL-RIGH
PHASE)I

17150U---

rc

1650 - *- ---

Hi 16

1-6i

150Q[3__ _

1450 Ij..

) 0 1.0 2.0 3.0 4.0 5.0 6.0 70l 80. 0 10.0 11,0 12.0
NICKEL, PER GENT

FIGURE 20.TENTATIVE DIAGRAM SHOWING TRANSFORM-
ATION RANGE OF TITANIUM-Q0 TO 1O PER
CENT NICKEL ALLOYS MADE FROM PROCESS
A METAL.
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Figre 1.Heat '.TH245, 3.% NiFgr 2.Ha

Qunhdfrom 16000F. in the beta- Quenched from 155 0'F. in the beta
fil.Acicular alpha (transformed field. The nickel-rich phase, shown

beta) is shovin. in Figure 24, is absent when the

spcmni unhdfo 50F

I7
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x

50OX~,~ 651 0 5o

Fiur 2.Hat724, -% i Fgre24 ea R21 7 . Ni

Fig+bet 22e. sla d of4~ alpha +i F aafd hightcrerd 2con-t124,7. i

(light) appear in an acicular alpha stitue--nt is the nickal-rich phase
(transformied be:ta) matrix. in -, beta ratrix.

Typical structures observ,:d in binary titanitmnriciccl alloys de& froxr
Process mtal.
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Figure 21. Heat '-!H245, 3.5% Ni. 
Quenched from 1600 of • in the beta' 

field. ACicular alpha (trans.formed 
beta) is shovm. 

500X 8;810 

Figure 22. Heat --H245, 3.5% Ni. 
w~nbhed i'rom 15So°F. in the alpha 
+ beta i'ield. Islands of alpha 
(light) app'::2r in en acicular=ilpha 
(transformed beta) matrix. 
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figure 23. Heat ";11241, 7.5% Ni. 
Qu~nched from l550°F. in the beta 
f"ield. The nickel-rich phase, shown. 
in Figure 24, is absent when the 
spec:imen is quenohed .from 1550"F. 

500x 

Figure 24. Heat -H241, 7.5% Ni. 
Quenched from 14S0c F. , .. in the beta 

+ g?~a fi~ld. Th~ light-color~dcon­

stitu:;:nt is tho nickcil-rich phase 
in ~ beta m~trix. 

Typic~l structures obsdrv~d in binary tit~nium-r~ckol alloY5 re~af:-frOffi 
Process A metal. 
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TA8~:l.9. mT"TREATING AID AGING DATA FOR BINARY ALLOYS 01 
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.b Hot . Ae Hot ~". . .... . . 
Rolled Heat. Heat Heat .neat Beat Heat R~lled Heat X.at Htat· H ... t a_at .I •• ~ 
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1m248 
WH254 
1fH2S5 
JH2~ 

WH262 
WH267 

''IH266 
Q265 
1IH264 
WB263 

19H248 
1IH2;3 
1fH252 
S51 
lm250 
1fH249 

JH,248 
WH270 
WH269 

Undlo:yed 
2.; Ag 
3.5 !g 
5.0 !g 

Unalloled 
0.10 Be 
0.15 Be 
0.25 Be 
0·.50 Be 
1.0 Be 

Unal10led 
1.0 Zr 
2.5 Zr 
3.5 Zr 
5.0 Zr 

' 10.0 Zr 

Unal10led 
1.0Gb 
2.0 Cb 

203 
218 
2.0). 
210 

201 
206 
215 
215 
220 
230 

203 
202 
218 
210 
249 
249 

203 
1Cf1 
236 

216 
221 
201 
218 

203 
198 
224 
213 
221 
228 

216 
212 
223 
218 
222 
235 

216 
205 
219 

191' 
176 
182 
168 

179 
174 
206 
183 
185 
199 

191 
171 
184 
177 
216 
210 

191 
160 
221 

Titantya - Sitver 

196 196 194 209 222 
ISS • 192 206 2'2:1 231 
187 2.01 204 225 241 
187 186 191 2.16 219 

%1 tanium - ~erylliU1ll 

179 - 180 188 220 215 
191 200 221 211 217 
2'57 210 238 249 247 
207 266 2U 288 25; 
214 2!76 299 293 281 
210 249 24l 264 245 

. Titanium - ZirconiUm 

196 196 194 209 222 
186 183 212 2CJ7 213 
187 202 22; 230 2Z7 
191 1..98 192 208 231 
254 219 254 254 249 
225 242 266 274 290 

Titanium-Columbium 

196 196 194 209 !- 222 
172 180 182 216 2J;O 
247 233 232 236 232 

ni'-Mium,. - T811talum 

3/16 
,/16 
1/16 
3/16 

·3/16 
1/16 
3/16 
3/16 
3/16 

>1/4* 

3/16 
1/8 
3/16 
3/16 
3/16 

)1/4* 

3/16 
3/).6 
3/1-6 

3/).6 
3n.6 
]/16 
3/16 

3/16 
1/16 
1/16 
3/16 
3n.6 
j/16 

3/16 
l/S 
3/16 
3116 
3/16 
3/16 

3/16 
3/1.6 
'/16 

3/16 
3116 
1/16 
3/16 

1/16 
1/16 
'J/16 
3/16 
3/16 

)1/4* 

3/).6 
1/16 
1/16 
1/16 
3/16 
3/16 

3/+6 
1116 
3/16 

--. -",.,~~:-~. . , 

,/).6 1/;t6 1/16 >1/4*.. . ... >1/4* 
:ih6 3/'32 '~6 .,.i/).6··· .... ~·'·j/).6 
3/16 1116 lj1)t6 ,1J,6, ;.Y:t'6 " 
3/16 3/l6 '1,2 ·!t6:111'< -. 1, '0: .' C" 

1/16 ,/16 - 'J/J.6 )/16 ,f).6 
;/16 3/+6 :in.6 >iI.4* >1/4· 
'J/J..6 :i-/J.6 'j/l6 )1/:4* ">1/4* 
)/J.,6 3/).6 3'h6 >1/.4* )1/4* 
'/).iJ· >1/4* )1[4** >1/.'**' '>i/4** 

>1'/4* >l/4* )1/4* >1/4** -)1/4** 

3116 1/l.6 1/16 >1/4* :>1/.4· 
In,6 l/i6 1/16 ,n.6 >1/4* 
1/l6 j/16 1/.1(' >1/4* >1'1.4* 
3/16 ~;/16 1/..16. >1/4* >1/4** 
1~6 j/t6 3/16 >1/4* )1/4** 
,/16 >1/4* )1/4** )1/4**' >1/4** 

3/).6 1/1.6 .1/,1.6 ,. 1/4* . ">1/4* 
/),.6 iA6 91J;.6 ilj.:6 .' >1/4* '3 

- 311b 3/16 - . -- f/If; ,-- ,Ilf:i' . 3/16 

1fH24S Unallol ed 203 216 191 196 196 194 209 222 3/16 3/16 3/16 'il6 1/16 1/16 )1/4* ">1/4* 
1fIk"'73 1.0 Ta 201 201 177 179 194 200 2CJ7 2fJ7 J/).6 j~6'Jfl.6 3/16. j/).6 3/).:6 ,1l6 - )1/4* 
WH272 2.0 '1'& 220 220194 206 198 225 221 230 3/163/16 j/l6 'J/l'6 ,1/16 3/16 '/16 3/16 

~-::.~ .. _ ... _ ... - _ -- _. .- -. . - 1'. _'" . - : ... - . .' .' •. -, .. '" -Pi r -P""- t-· 
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TABLE 18. PROPER'l'IES or BINARY ALLOYS OF TITANIUM WITH 
SILVER, BmnLIUM" ZIRCONItfM,' COLtn.mIUM, OR 
TANTALtTM PREPARED FROM PROC!'.SS A METAL 

-.-

As Bot Rolled(l) 

aeat No. 

iWH248 
iIH254 
1m255 
WH256 

WH262 
lfH267 
1fH266 
1fH265 
WJl264 
1fH263 

1fH248 
WH253 
WH252 
1m251 
WH250 
WH249 

1VH248 
WH270 
WH269 

WH248 
lm273 
WB272 

,Intend$d • 
C~mpoDit10n, % 

Unalloyed 
2.5 Ag 
3.5 Ag 
5.0 Ag 

Unalloyttd 
0.10 Be 
0.15 Be 
0.25 B. 
0.50 Be 
1.0 Be 

Unalloyed 
hO Zr 
2 .. 5 Zr 
3.5 Zr 
5.oZr 

10.0 Zr 

Unalloyed 
1.0 Ob 
2.0 Cb 

Unalloyed 
1.0 Ta 
2.0 Ta 

Tensile 
Strength, (3) 
p.s.i. 

95,600 
93,200 
82,700 
91,900 

85,700 . 
91,100 
96,800 

100,000 
95,900 
97,300 

9;,600 
92,;00 
98,300 
96,400 

104,.300 
118,800 

95,600.-
92,700 

108,900 

95,600 
89,900 
99,1{)O 

Elong~, 
%in 
1 Inah 

21.0 
21.5 
20.0 
20.5 

21.5 
18.0 
16.5 
14.0 
1.3.5 
12.0 

21.0 
18.5 
18.0 
18.5 
16.; 
15.0 

21.0 
19()5 
16.5 

21.0 
21.0 
18.0 

m(4) 

liniirum 
Bend 

Radius,(;) 
Ineh 

!!tan1um ~ S11Te£ 

203 3/16 
218 .3/16 
201 1/16 
210 3/16 

Iit!!E~.ulll. .. !eall1UJ11 

201 .3/16 
206 1/16 
215 3/16 
215 .3/16 
220 3/16 
230 >1/4* 

Iltanlum - Z1rcopigm 

20.3 3/16 
202 1/8 
218 .3/16 
210 '3/16 
249 3/16 
249 >1/4* 

Titanipm 7 ColumbiYl 

.. 203. , .3/16 
197 "·3/16' 
236 3/16 

.-

Titanium - T!nSum 

20,3 .3/16 
201 .3/16 
220 3/16 

. ... , ... -J.~", ....... .::::::,i' "~._-?~ __ ~ .~ . 

, Aged 4 lks t, at 7~~~:l' (~}. .ltD.1Ja\Ul ... 

'randle Elong., ' .. a.nd· 
strength, (3) -% in . Rad!U.,(S) . 
p.s.i. 1 Inch m(4) bleb. 

94,700 20.5 216 3/16 
91,200--- -- .. 20..0__ 221 "jJ6 ' 
8,3,500 20.0 2011/.l6 
92,900 19.0 218 3/16 

95,900 
90,000 
92,800 
88,100 
94,400 
90,100 

94,700 
94,100 

102,400 
103,500 
117,300 
114,300 

94,700 
90,000 
97,;00 

94,700 
90,300 

104,700 

20.0 
18.0 
15.5 
14.5 
14.5 
9.5 

20.; 
21.0 
17.5 
17.0 
13.; 
1;$'0 

20.5 
18.0 
18.5 

20.5 
20.0 
17.0 

20.3 
198 
224 
213 
221 
228 

216 
212 
223 
218 
222 
235 

216 
205 
219 

216 
201 
220 

3/16 
1/l.6 
1/16 
3/;1.6 
jh6 
j/16 

3/16 
1/8_ 
3/16 
3/16 
3/16 
3/16 

3/16 
3116 
3/16 

3/16 
3/J..6 
3/16 

'it 

~~ 
.--~ _~ '.. :~.}~t?!. i.., 'd:~ -<~ " ,~--~ .1 ,_-. 
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Footnotes for Table 18&

(1) As hot rolled at l4506F.

(2) Hot-rolled sheet aged 4 hours at 750°F. in air and air cooled. {
(3); Average of two longitudinal 14-gauge specimens, 3 inches long

_ by 0.375 inch wide with a 0.250-inch-wide reduced section.

(4) 10-kg. load. Hardness at the center of the cross section of
the sheet 900 to the surface and to the rolling direction.

S() inimum bend radius without cracking on a single longitudinal
specimen 3 inches long by 0.5 inch vwide. Tested with surface
skin present.

* Some ductility.

Very little ductility.

I

Ii

I

I
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Foojbnotes for Table 18, 

(1) As hot rolled at l450°F. 

(2) Hot-rolled Sheet aged 4 hours at 750°F. in air and air cooled. 

0); Average of two longitudinal 14-gauge specimens, .3 inches long 
by 0.375 inch wide ",ith a 0.25O-inch-wide reduced section. 

(4) la-kg. load. Hardness at the center of the cross section ot 
the sheet 90 0 to the surface and to the rolling direction. 

(5) Minim'JIll bend radius Without cracking on a single longitudinal 
specimen .3 inches long by oS inch vdde. Tas.ted With $urface 
skin present. 

* Some ductility. 

** . VeJ:Y little ductility. 

J • 
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Footnotes for Table 19:

(1) 10-k-. load. Hardness at the center of the cross section of
the sheet 90° to the surface and to the rolling direction.

(2) ~inimum bend radius without cracking on a sinqle longitudinal
specimen 3 inches long by O.5 inch wide. Te ted with the
surface skin present.

(2) As hot rolled at 14500F.

(4) Hot-rolled sheet aged 4 hours at 750@F. in air and air cooled.

(5) Heated 1/2 hour in air at 1450*F. and quenched in cold water.

(6) Heated 1/2 hour in air at 1550F. and quenched in cold water.

(7) Heated 1/2 hour in air at 1600*F. and quenched in cold water.

(8) Heated 1/2 hour in air at 16506F. and quenched in cold water,

(9) Heated 1/2 hour in air at 1700*F. and quenched in cold water.

(10) Heated 1/2 hour in air at 17506F. and quenched in cold vater.

'. 

~ -

• 

..... 

Feotnotes for Table 19: 

(1) 

(2) 

(4) 

(5) 

(6) 

(7 ) 

(8 ) 

(9 ) 

(10) 

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

Aunimum bend radius without cracking on a single long:i,tudinal 
specimen 3 inches long by 0.5 inch 'Wide. Te~ted With the 
8urfaceskin present. i 

AS hbtrolled at 1450 cF. 

Hot-rolled sheet aged 4 hours at 750°F. in air and air cooled. 

Heat.ed 1/2 hour in air at 1450 OF. and quenched in cold water. 

Heated 1/2 hour in air at lSSO°F. and quenched in cold water. 

Heated 1/2 hour in air at l60o°F. and quenched in cold Vlater. 

Heated 1/2 hour in air at 1650 "F. and quenched in cold water. 

Heated 1/2 .hour in air at 1700°F. and quenched in cold water. 

Heated 1/2 hour in a:i,r at l7S0"F. and quenched in cold vrater. 

I . 
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Mechanical Properties. The mechanical properties of the three

titaniua-silver alloys, mentioned previously, 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 effect of silver

on the tensile properties and hardness of the as-hot-rolled temper.

As shown by the data in Table 18, titanium-silver alloys in the

as-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

summary report, it is concluded that silver, in amounts up to 5 per cent,z '
is a relatively ineffective alloying addition to titanium.

Structure and Transformation Range. The structures observed in

titanium-silver alloys quenched from temperatures of 1450. 1550, 1600,

1650, 1700, and 1750°F. are listed in Table 20. The phase relations are

shown graphically in Figure 26. In this figure, the data previously listed

in the summary report for alloys containing 0.87 and 2.12 per cent silver

are included. It is evident that silver raises the beta and lowers the

alpha solvus lines.

Heat Treatment. The Vickers hardnesses and bend characteristics

of the 2.5, 3.5, and 5.0 per cent silver alloys, after quenching from.

temperatures of 1450, 1550, 1600, 1650, 1700, and 1750°F., are listed in

Table 19. At the higher quenching temperatures, slight inareasea in hard-

ness were obtained, but there is little evidence to indicate that titanium-

silver alloys respond to solution heat treatment. Aging the as4hot-rolled

alloys for 4 hours at 750F. did not increase the hardness.

UV&TEX..Z MEMORIAL mNST1TeTE
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¥ech~ica~ Properties. The mechanical properties <Df the three 

t:ltanium-silver alloys, mentioned pre~iously, in both the as-hot-rolled 

condition and after aging the as-hot-rolled temper for 4 hours at 150°F. are 
i 

listed in Table 18. Figure 25 illustrates graphically the euect of silver 
I 

on the tensile properties and hardness of the as-hot-rolled temper. 

As shown by the data in Table 18, titaniUm-silver alloys in the 

as-hot~olled condition do n?t respond to an aging treatment of 4 hours at 

750°F. From the present data, and the results previously listed in the 

summary report, it is concluded that silver, in amounts up toS per cent, 

is a relatively imeUective alloying addition to titanium. 

Structure and Tra:ps,formation l1ange. The structures observed in 

titaniu.'!l-silver alloys quenched from temperatures of 1450, 1550, 1600, 

1650:, 1700, and 1750'°F. are Hsted in Table 20. The phase relations aTe 

shown graphically in Figure 26. In this figure, the data previously listed 

in the summary report for alloys containing 0.87 and 2.12 per cent silver 
, 

are included. It is evident that s"i1ver raises the beta and lowers the 

alpha sOlvuS lines. 

Heat 'J'rea'j:.ment. Ihe Vickers hardnel;lSe,'5 and bend 'characteristics 

of the 2.5, 3.5, and 5.0 per cent silver alloys~ after quenching from 

temperatwes of 1450, 1550, 1600." 1650, 1700, and 1750°F., 'are listed in 

Table 19. At the higher quenching temperatures, slight increase'S in hard-

ness were obtained, but there is little evidence to indicate that titanium-

silver alloys respond to solution heat treatment. Aging th3 as~hot~roll~ 

alloys for 4 hours at 750°F. did not increase the hardness. 
I ' 
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, .• 

, Com1205i tion2 ~ 
Heat Actual 

No. Intended C 

tlC?7* Unalloyed 0.04 

W094* 1.,0 Ag 0.·37 Ag 0.03 

WC96* 2.0 Ag 2.,12 Ag 0.02 

WH254 2.5 Ag 

\1H255 3 .. 5 Ag 

"~25(> , 5.0 Ag -. 
;: 

TABLE 20. HlASES PRESENT IN BIllJARY TITANIUH..sILVER ALLOYS 
AT TEMPERATURES INDICATEP - PROCESS A lIETAL BASE 

As Hot As Hot 
Rolled Rolled Heat Heat Heat 

at Aged Treated Treated Treated 
i.J U 1450 o:F. 4 !-Irs. -750 o:F. 1450 or. 15500Ji' • 16000]'. 

95 - 5 85 - 15 
0.026 0.10 ct a ct + P ('t + P 

90-10 
0.085 0.18 ct ... a ct (l + f3 

95 - 5 80 - 20 
0 .. 035 0.0$ ct a' Ii + P ct + f3 

90,- 10 70 - 30 
ct ct ct ct'+ f3 II + f3 

95 - 5 60 - 40 
ct (l (l C1 + f3 Ci + f3 

60 - 40 
ct. ~. a ct. of; Tr. !3 a .. !3 

* Data taken from SUIll1l18l'y Report - Part III, page 91. 

.a.A, 
~i 

Heat 
Treated 
1650 "F. 

f3 

I3 

10 - 90 
et + j3 

60 - 40 
ct + f3 

30 - 70 
ct + {3 

40 - 60 
ct-'+ 13-

Heat 
Treated 
1700o.F. 

@ 

(3 

5 - 95 
ct + f3 

f3 

.~ 

!3 

Heat 
Treated 
1750o:F. 

{? 

f3 
' .. 

-.1. 
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Titanoim-Beryllium Alloys

-Previously, in the summary report, titanium-beryllium alloys con-

taining 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 quenched from

temperatures ranging from 1450 to 17500F. Alloys 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 characteristics of the beryllium alloys, in both the as-hot-rolled

condition and after aging the alloys in the as-hot-rolled temper for 4 hours

at 750°F., are listed in Table 18. Figure 27 graphically illustrates the

- effect of beryllium on the tensile properties and hardness of as-hot-rolled

titanium sheet. In this figure, the data previously listed in the summary

report have been included. Beryllium produces no marked increase in the

strength or hardness, but progressively decreases the ductility. As will be

noted from the data in Table 18, the titanium-beryllium alloys in the as-

hot-rolled temper did not respond to an aging treatment of 4 hours -at 750*F.

Structure and Transformation Range. Specimens of the titanium-

berylli um alloys quenched from temperatures ranging from 1450 to 1750F,

were examined microscopically. Beryllium appeared to limit the alpha-phase

field and raise the beta solvus line, but the limit of solubility of the

beryllium-rich phase could not be established ':-ith any degree of accuracy.

Further study of these alloys will be required before a tentative phase

diagra, can be constructed.
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Previously, in the summary report, titanium-beryllium alloys con­

taining 1.0 and 2.0 per cent added beryllium were consid~red. At 2.0 per 

cent b8rylliilm, a beryllium-rich phase was noted- in specimens quenched froPt 
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field and rAise tho beta solvus line~ but the limit of solubility of the 
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Heat Treatment. The Vickors hardness values and bend character-

istics of the titanium-ber~jllium a1 Loys when quenched from temperatures of

O1450, 1550, 1600, 1650, 1700, and 1750 6F. are listed in Table 19. At the

higher quenching temperatures, some increase in hardness was obtained, bnt

there is no evidence that these alloys respond appreciably to heat treat-

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

alloys in the as-hot-rolled temper do not age hardeni

Titanium-Zirconium 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 following

section.

Mechanical Properties. The tensile strength, elongation,

hardness, and bend characteristics of the titanium-zirconium alloys in both

the as-hot-rolled condition and after aging the alloys in the as-hot-rolled

temper for 4 hours at 750°F. are listed in Table 18. Figure 28 graphically

illustrates, for the as-hot-rolled condition, the effect of zirconium on

the tensile strength, elongation, and hardness. Zirconium raises the

tensile strength and hardness 'i th relatively little drop in elongation.

7- ?ith 10 per cent zirconium added, the tensile strength, incr.rasea about

37,000 p.s.i., with 6.0 per cent drop in elongation. As compared to

chromium, manganese, molybdenum, and some other elements, zirconium is

a relatively ineffective alloying addition.
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He(itJreatment. The Vickors hardness valUGS and bend character .... 

istics of the titanium-beryllium alJ,.oys ""hen quenched from temperat1J..l.'es of 

1450, 1550, 1600, 1650, 1700, and 1750"F. are listed i~ Table· 19. At the 
• I 

higher quenching temperatures, some increase 'in hardne~s wa~ Obtained, but 

there is no eVidence that these alloys respond appreciably to heat treat-

mente As shown by the data in Tables 18 and 19; these titaniu.iil. ... berylliUin 

alloys in the as...;hot .... rolled temper do not age harden~ 

Ti:t,apium:-Zirconium Alloys 

Additions of 1.0, 2.5, 3.5, 5.0, and 10.0 per cent zirconium were 

made to Process A' ti tanium. These alloys are considered in the .following 

section. 

l'he tensile strength, elongation, 

hardness, and bend characteristics of the titanium-zirconium alloys in both 

the as-hot-rolled condition and after aging the alloys in the as-hot-rolled 

temper for 4 hours at 750°F. are listed in Table 18. Figure 28 graphically 

illustrates, for the as-hot-rolled condition, the effect of zirconium on 

the tensile strength, elongation, and hardness. Zirconium raises the 

tensile strength and hardness ':'.'ith relatively little drop in elongation. 

~:"ii th 10 per cent zirconiu.'l1 added, thE; tensile strength' incr;'lased. about 

37,000 p.s.i., with 6.0 per cent drop in elongation. As comparud to 

chromium, manganese; molybdenum, and some other elements, zirconium is 

a relatively ineffective alloying addition. 
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As shown by the data in Table 18, the titanium-zirconium alloys

are not appreciably benefited by aging the alloys in the. as hot-ro-Ued

temper for 4 hours at 750 0F.

Structure and Transformation Range. The phases present in the

titanium-zirconium alloys when quenched from temperatures of 1450 to 1750F.

are listed in Table 21, and are shown graphically in Figure 29. Zirconium

limits the alpha-phase field and lowers the beta solvus line. No zirconium-

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

Beat Treatment. The Vickers hardness values and minimum bend

radii of these titanium-zirconium alloys when quenched from temperatures

of 1450, 1550, 1600, 1650, 1700, and 1750°F. are listed in Table 19. Some

increase in hardness will be noted after quenching the alloys from the

higher temperatures. However, the change in hardness is not comparable to

that observed in some of the other binary systems. Aging the as-hot-rolled

titanium-zirconium allQys for 4 hours at 750°F. did not produce any increase

in hardness. It is, therefore, concluded that titanium-zirconium alloys

in the range of composition investigated do not show any significant

response to heat treatment or aging.
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As shown by the data in Table 18, the titardilin-zi.rconium alloys 

are not appreciably benefi,t~d by aging the alloys in the. as-hot-i'dlled 

temper for 4 hours at 750°F. 

Structure and Transformat,ion Range. The phases present in the 

titanium-zirconium alloys when quenched from temperatures of 1450 to 1750°F. 

are listed ill Table 21, and are shorm graphically in Figure 29. Zirconium 

limits the alpha-phase field arid lovlers the beta solvus line. No zirconium-

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

Heat Treatment. The Vickers hardness values and minimum bend 

radii of these titanium-zirconium alloys when quenched from temperatures 

of 1450, 1550, 1600, 1650, 1700, and 1750°F. are listed in Table 19. Some 

increase in hardness 'ITill be noted after quenching the alloys from the 

higher temperatures. However, the change in hardness is not comparable to 

that observed in sane of the other binary systems. Aging the as-hot-rolled 

titanium-zirconium alloys for 4 hours at 750°F. did not p+oduce any increase 
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in the range of composition investigated do not show arr,r significant 
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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 considered in the following

10 'section.

IMIechanical Properties. The tensile properties, hardnesses, and

minimum 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 4 hours at 750oF., are listed in Table 18. Figure 30 graphically

illustrates the effect of columbium on the as-hot-rolled properties. The

tensile strength and hardness increase with increasing columbium content

while the elongation decreases. These two columbium-containing alloys

did not respond when the as-hot-rolled sheet was agud 4 hours at 750°F.

Considering the above properties, the range of columbium content

wiiill be extended to 10 per cent.

Titanium-Tantalum Alloys

Alloys containing 1.0 and 2.0 per Cent tantalum were investi-

gated. The properties of these alloys are considered in the following

section.

echanical Properties. The tensile properties, hardneSses, and

minimum bend radii of the two titanium-tantalum alloys are listed in Table

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

aging the alloys in the as-hot-rolled temper for 4 hours at 7'50F. Figure 31
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Ti tan~l:lIi\~olUIIlbj..UIii Al:\.oys 

Additions of 1.0 and 2.0 per cent col:umbi~ were made to Process 
i 

A titahium. The properties of these alloys are considered in the following 

section. 

l~ech.anical Propert:ies. The tensile properties, hardnesses, and 

minL~um 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 4 hours at 750°F., are listed in Table 18. Figure)O gra?hically 

illustrates the effect of columbium on the as-hot-rolled properties. The 

tensile strength and hardness increase with increasing columbium content, 

wh~le the elongation decreases. These two columbium .... containing alloys 

did not respond when the as-hot-rolled sheet was ag\::ld 4 hours at 750°F. 

Considering the above properties, the: range of COhlIllbium content 

vdll be extended to 10 per cent. 

Titatli U1Il .... '!';,mtal U1Il l\),loys 

Alloys containing 1.0 and 2.0 per cent tantalum were inv9sti-

gated. The properties of these alloys are considered in the folloning 

section • 

Mechanica1Pr()p~ties. The tensile propertle~" hardnessos, an:i 

minimum bend radii of the two titanium-tantalUlli alloys are liste.d in Table 

18. These data ~e for the alloys in the as-hot-rolled condition and after 
I . 

ag-lng the alloys in the :ls-hot-rolled temper for 1t bours at '750°F. Figure 31 
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graphically illustrates

Ahe effect of 1.0 and 2.0 per cent tantalum on the tensile properties and

hardness of Process A titanium in the as-hot-rolled condition, The addition

of 2.0 per cent tantalum increased the tensile strength of Process A ti-

tanium sheet about 20,000 p.s.i. with a reduction in elongation of about

3.0 per cent.

Additional data on binary titanium-columbium and titanium-tantalum

alloys, when the range of alloy additions has been extended to about 10 per
cent, will be considered in a future reoport,

TernaryAlloys of Titanium

The follbwing three series of alloys were prepared and fabricated

to sheet:

1. 3.5, 4.0, 4.5, and 5.OZ Mn iw.ith 0.25% C.

s2. 175, 2.5, 3.5, and 5.0' 14n with 160 and 2.0% V.

3. 2.5, 3.5, and 5.0% No vith 1.0, 2.0, and 3.0% "i.

The tensile properties were obtained on these alloys in both the

as-hot-rolled condition and after aging the alloys in the as-hot-rolled

temper 4 hours at 750 F. In many cases, variations in strength and elonga-

tion of considerable magnitude were noted betveen the duplicate specimens

from the same alloy sheet. Retesting selected alloys showed similar re-I sults, and it was concluded that nonuniform distribution of the alloying

elements during melting was responsible for these variations. These alloys

S wdll bo made over, using a technique in melting designed to give more

uniform distribution of the alloying additions.
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graphically illustrates 
he effect of 1.0 and 2.0 per cent tantalum on the tensile properties and 

hardness of Process A titanium in the as-hot-rolled condition. The addition 

,of 2.0 per cent tantalum increased tho tenSile strength of Process A ti­

tanium sheot about 20,000 p. s.i. With a reduction in cilongation of about 

3.0 percent. 

Additional data on binary titanium-columbium and ti tanium-tantalwn 

alloys, when the range of alloy additions has been eJ!tended to about 10 per 

cent, will ~ considered tn a future report. 

Ternar,yAlloys of Titanium 

The fol1.b,dng three series of alloys were prepared and fabricated 

to sheet; 

1. 3.5, 4.0,4.5, and 5.~ Mn with 0.25% c. 

2. 1.75, 2.5, 3.5, and 5.0% Jm with 1.0 and 2.0% v. 

3. 2.5, 3.5, and 5.0% Mo ''lith 1.0, 2.0" and 3.0% l'i. 

The tensile properties were obtained on these ailoys in both the 

as-hot-rolledcondition and after aging the ,illoys in the as-hot-rolled 

temper 4 hours at 7S0 DF. In many cases, variations in strength and ulonga-

tion of considerable magnttude Vlere noted between the duplicate specimens 

from the same alloy sheet. Retesting selected alloys s,howed similar iCe-

suIts, and it w~s concluded that nonuniform distribution of tho alloying 

e1aments during melting was responsible for these variations. These ::lloys 

1'.1.11 b0 m:l.deever, using a technique in melM.l'lg designed to give more 

uniform distribu.tion of th~ alloying additions. 
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As a step in obtaining a more uniform distribution of alloying

elements, the possibility of employing alloy hardeners rather than the pure

metals in arc melting was investigated. A brittle manganese alloy contain-

g 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 0.5-pound

ingots:

Heat No. Composition, %

'H 312 5 Mn
IM310 5Mn, 0.25C
71H313 5Mn, 0.IN

These ingots and an unalloyed heat were fabricated to sheet, and six

longitudinal tensile specimens were taken at various locations throughout

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

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

mechanical properties and hardness of the various specimens are listed in

Table 22.

As noted in Table 22, some of the specimens of the manganese

alloys 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 inhomogeneity observed in the fracture has not

had an appreciable effect on the tensile strength.: Elongation values of

these specimens, however, tend to be low. .

Considering the small cross-sectional area of'the test specimen,

about 0.016 square inch, these properties a.pear relatively uniform and

compare favorably with values previously reported for sirilar compositions ,

as vill be noted from the following:
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As a step in obtaining a more uniform distribution of alloying 

elements, the possibility of employing alloy hardenex:s rather than the pure 
I 

metals in arc melting was investigated. A brittle mcpganese alloy contain-

ing about 35 per cent manganese was prepared by arc melting. This alloy 
.. 

was crushed to pass 20 iIIesh and used to prepare the following 0.5-pound 

ingots.: 

Heat No. 

':1H312 
".'H3l0 
~;H31J 

Composition, 'f, 

5 Mn 
5Mn, 0.25c 
5Mn, O.lN 

.111; • 

These ingots and an unalloyed heat were fabricated to sheet, and six 

longitudinal tensile specimens were taken at various locations throughout 

the length of the sheet. Two specimens each were taken :from opposite sides' 

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

mechanical properties and hardness of the various specimens are listed in 

Table 22. 

As noted in Table 22, some of the specimens of the manganese 

alloys showed a small amount of unmelted alloy in the fracture. Al though 

the properties of such specimens have not been included in the average 

values, the small amount. of inhomogeneity observed in the fracture has not 

had an appreciable effect on the tensile strength. Elongati~n values of 

these specimens; however, tend to be l~:. 

Considetlng the small cross-sectioflal area of ' the test specimen, 

about 0.016 square inch, these properties a,Jpear relatively uniform and 

ompa.r€ favorably with values pr€viously repo:rted for sirdla-:r cOlTlj)ositions, 

S 'rill be noted from the following: 



CO1PARSONOF' THE PROPERTIES OF TITANIUM ALLOYS

t (As-Hot-Roiled Tem er)

Alloys Prepared 'Using Metal
Addtins urng Arc Meltn Alloys Prepared tising.Alloy

Intended --- ardeners- in Arc Mvelting,or* Actual Tensile Elong., Intended Tensile El on-.,Heat Coniposi- Strength, % in Heat COmposi- Strength, %'inNO. tion, % possi. 1 Inch VHN tio. tion, % posei. 1 Inch VHN

-C4ja1l) 4.37Mn 157,900 7.5 303

-H78 (1) 5. 01n 162,800 6.5 315 TE5H12 5Mn 169,100 5.,8 366
"-C58(2) 4.80n, 176,500 5.5 342 ",)H310 5 Oln 178,730) 6.2 378

0.21G 0.250$
!'.H93 (2) 5 .&1f, 193,400 2.5 444

011250

1'.H162 (3) 5.-Oimn, 173,500 8.5 401 '?2313 5.O 31n, 183,340 6.o 409
OIN 0. 1N

(1) Data f ron Smnary Report, page 182.

(2) Data from Sumary Report, page 238a.

(3) Data from Progress Report, Table 5, page 21.

~'"" 
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COMPARISON OF THE: PROPERTIES OF TITANlUM Ai.LOYS 

(As-Hot-Rolled Temper) 

Alloys Yrepared Using Metal 
" M,ditions During Arc Melting 

Intended 
01' Actual Tensile Eleng., 

Heat Composi .... Strength, % in 
Ne. tion, % p.s.i. 1 Inch VHN 
~ 

'!;c41 (1) 4.37Mn J..57,900 7" 303 

""H78 (1) 5.0Mn 162,800 6.5 315 

"'058(2) 4.80Mn, 176,500 5.5 342 
0.21C 

":H93 (2) 5.01m, 193,J~OO 2.5 444 
0.250 

",11162(3) 5.0Mn, 173,500 8.5 401 
O.lN 

(1) Data i'r..om Summary Report, page' 182 • 

(2) Data from Summary Report, page 238a. 

Heat 
~o. 

"iH312 

'VH310 

":H313 

(3) Data from Progress Report, Table 5, page 21. 

Alloys Prepared Using .Alloy 
Hardeners 1.n Arc Melting:" 

Intended Tensile Elong., 
Composi- Strength, %"in 
tion, % p.s.i. 1 Inch 

'''--"-:-

5Mn 169,lnn 5.8 

5.0Mn; 
0.250 

178, nr. 6.2 

5 .O}iln, 18),340 6.0 
O.IN 

I . 

WIN 

366 

378 

409 
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TABLE 22. TEST OF UNIFORMITY OF THE TE,)SILE PROPERTIES AND
HARDNESS OF TITANIUI ALLOY SMElT. INGOTS MELTED
USING A 35 PER CENT kANGiANESE ALLOY HARDENER

Relative
Intended Location Tensile Elong.,

Heat Specimen Composition, of Strength, % in 1 VHN
No. % Specimen p.s.i.(1) Inch(l) (2)

V..IH301 X-1 Unalloyed Front, side 87,300 17.5 216
X-2 Front,side 92,920 18.0 205

t Y-1 Center 92,310 17.0 212

Y-2 Center 91,600 19.0 210
% " Z-I " - Rear,slde 90,00 18.0 209
Z-2 Rear, side 88,000 19.5 207

Avg. 90,360 18, 2 210
H312 X-I 5-M- Front, side 166,620 6.5 348

X-2 Front, side 167,220 8.5 343
- Y-1 Center 1'68, 790 4o5 368

Y-2 Center 167,720 4.0 372
Z-1 " Rear, side 174, 830 4.0 378

" Z-2 " Rear, side 175,860* 4.5* 386
I! Avg. 169,100 5.8 366

"H319 X-1 5Mn, 0. 25C Front, side 185,430 4.5 3,77
X-2 ' " Front, side 162,160 6.5 358
Y-" Center 197,120 5.0 378
Y-2 " " Center 181,090 8.o 381
Z-I " Rear, side 190,070* 2.5* 398
Z-2 " Rear, side 16T 830 7-0 375

" " Avg. 178,730 6.2 378

"'H313 X-I 5. OMn, 0.1N Front,side 201,010* 4.0* 425
" X-2 i 1 Front, side 192,310* 4.0* 407

Y-l it Center 194,900* 4. 0* 420
Y-2 C"enter 189,870. 7.0 401
Z-1 " " Rear, side 181,610 7.0 418
Z-2 " Rear, side 178,530 4.0 386-

Avg. 183,340 6.o 409

* Unmelted Alloy evident in fracture - results not included in average.
(1) Longitudinal specimen - as-hot-rolled temper.
(2>- Center hardness transverse specimen. Average of 5 readings.

"* Unmelted allqy evident in fracture - results not includ~d in average. 
(1) Longitudinal specimen - as-hot-rolled temper. 
(2)""Oenter hardness transverse specimen. Average of 5 readings. 
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This technique of using intermediate alloy hardners for the in-

troduction of the alloy additiorsrather than the use of pure metals during

arc melting appears very promising and will be investigated more fully.

Evaluation of the Alloys of qreatest Interest

In the Future 1 ork section of the previous report, it was in-

dicated that the more promising alloys that have been prepared to date

would be reinvestigated. The object of this york is to select an alloy

composition that will be prepared in large-size ingots and on which ex-

tensive engineering data will be obtained.

To this end, a group of alloys having tensile strengths in the

range of 180,000 to 200,000 p.s.i. wasselected for further study. A small

amount of the original sheet was still available from these heats, and

longitudinal tensile specimens in duplicate were prepared and tested using

SRh-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 adequate to permit a full extension of 0.2 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 bend character-

istics reported for these alloys and the redetermined tensile properties

and the chemical analyses of the various heats are listed in Table 23.

In general, the agreement between the t.-ro tests is quite good. The three

titanium-manganese-vanadium alloys listed at the end of the table, however,

shew -:ide variations between the t-o sets of properties. These threc alloys,

BATML.LE MaMORIAL |NSTI'UTV

This technique of using intermediate alloy hardn6rs for the in­

troduction of the alloy additiorsrather than the use of pure metals during 

ate me!t;irtg appears very promisl;fig and Will be investigated more fuUy~ 

Evaluation qt _ the A,l1qyscjf c,keateEit !~terest 

In the future ":6rk section of the previous report, it was in .... 

dicated that the more promising alloys that have been prepared to date 

would be reihvestigated. The object of this YO rk is to select an alloy 

composition that will be prepared 1.n large-size ingots and ort wh1.ch ex-

tensi ve engineering data will be obtained. 

To this end, a group of alloys having tensile strengths in the 

range of 180,000 to 200,000 p.s.i. wa~selected for further study. A small 

amount of the original sheet was still available from these heats, and 

longitudinal tensile specimens in duplicate ~ere prepared and tested using 

sR4-type A 7 strain gauges to obtain the 0.2 per cent yield strengths. In 

a few cases, as -Nill be noted subsequently, the range of the electrical 

strairL recorder was not adequate to pertnit a full extension of 0.2 per 

cent. In these cases, the 0.2 per cent yield strength is either not 

reported, or it is indicated that the yie~d strength was extrapolated by 

slightly extending the stress~straincurve. 

The original tensile properties, hardness, apd bend eharacte!'-

istics reported for these alloys and the redeter~~ned tensile properties 

and the chemical analyses of the various heats are listed in Table 23. 

In general, the agreement between the t'.70 tests is quite good. The three 

titani1.l1ll-manganese..-vanadium alloys listed at the end of the table, however; 

shew' ':ide variations bet1~'erm the t'7(1 sets of properties. These thrCi~ :;.lloys, . 
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TABLE 23. EVALUATION OFS~ECrE.D tl.T.4Ntml;"'JW)E 
AL:LO~ IN THE AS-aor ... ROELEJj co~ntow 

',I 
! 

'{. ' 
.\':,>;'. 

,~.~,LL:::I, 
i' i: , 

,.,-",...- "/" 
1\ •• >.',. 

,":-:.1 _!e 

'. ~\' 
',.\" , 

", ) . ,I , " .;, ,~':ii " 
':, ' Orj,ginal Pt9~rtie. ' R.p~t.rlPin~ 'Prop'ttitti! , ,N;:,)\' 

'" '. il!niiriUli "t{,ld' , I" .) fi!ii1iiiiii "'- ;- 'it;" 

Heat 
No. 

Spec. 
'No.' 

~" ' Tensile Elong.')l' , ~nd ' Tensile $t:r.n~h,nong.,l3tnd, ,to,: 
" Oomp6sj,t.~o~,%, ' Strengt h1; ,_%:in VIm n..,diUtil strengthA p~ls.i •• t" ,% in l~iu",""l ' 

!ntended ' lctUal' p*s.i.(O). 1 Inch(~) Inch(lU.)}'l! s.i. ()(O.~O.t'.fs.t) i Inch , Xnch(lO) " , ',1 
1'(027.().) 1. ).50r,O.25Cj2.-OFe3.~3Cr,1.42Fe 191,300 6.03/~6'116'7'0 14~hlOO ,:~.O ""'j;6 '_, _:'~'~"j~"_,'I" 

2 ) 199,000 s~o , ' ' 169 ,300 l$lSOOI ' 6.0,>1/A*: ' :,,>~,-jH', ,~" 
, Avg.l90, 700 6.0 313' 113,000 1~0)600'.'< "->1 ,~. 

VfGJ1(l) 1 ',.OOr,0.2,C,2.OFe ... .. 4.66cr,2.1,Fe 18.3 .. $00 6.0 >1/4* 184,600. .",', .169,..300 ~ 6.Q ~1/4** ,:,:L 
2 212,,00 2.0 186,700 167, '100 , : 4~o " ~lt:4H', i/, 

Avg. 198,OOO4.040l, 190,650 '158,,00""0 ,'1' 
WIl40(1) 1 ,.OOr,O.250,2.CJln 4.630r,2.02M11 196,.300 3 .. 0 3/16 1.88,700 1.17,4001' ':;.0 .. - ~V'4* "-':1-;":- " 

2 192,500 1.0 183,000 173,2001' 3.0 >1/4* :! 
Avg. 194,400 200 .340 ~85 ,8,0 175',300 ,: ).0 f'" 

W01l9(2) 1 
2 

Avgo 

~48'(3) 1 
2 

Avg. 

WR93 (4) 1 
2 

Avgo 

3.,5Cr,1.OMo,q.2NO.,0440,,0.178N, 3. 81Cr,O.9llfc 190,000 
190,000 
190 .. 000 

7.0 
7.0 
7.0 

'.OCr,O.25C,0.lHO.168C,0.086N,4.31Cr 

,.OMn,O.25c - O.212C,O.02lN,4.5'nfn 

181,JOO 
185 .. 000 
18),200 

7.0 ,.0 
6.0 

19S,300 2.0 
193,300 3.0 
194,300 2..5 

ltG17Z(5'), 1 5.OCr,0.1N O.022C j O.1b6N,5.77Cr 189,400 ,.0 
2 

Avg. 

1fG169(S) 1 
2 

-'VHl31.(b) 1 
2 

Avg. 

-, (1) l'IH29 ,,' 1 
2 

!vg. 

Wli5,(2) 1 
2 

Avg. 

183,800 5.0 
186,too 5.0 

5.00r,O.2N 

5.0){n,l.OW 

O.0200,O.161N,5.87Cr 200 000---"-
. , 

170,,000 
18,,000 

O.036c,o.026N,4.2111h,0.92W" 181,300 
200,000 
1.90,700 

5.001',2.0V,0.250 0.~74c,0.021N,6.12G1',1.27V 190,700 
188,6cX> 
189,700 

5.~r,l.OV,O.2N O .. 028C,O.163N,5..,62Cr,.O.69V 214,300 
'201,300 
207,800 

3.0 
5.0 
4.0 

4.0 
,~O' 
4.5 

4.0 
3.0 
3.5 

3.0 
4.G 
3" 

3/l6 

379 

3/16 

339 

3/16 

444 

3/16 

29$· 

3/16 

3~ 

3/l.6 

337 

3/1.6 

37-8 

>1/~ 

390 

*** *** 193,100 17$,350 
193,100 175,3,0 

18,,800 171,300 
181,700 
183,750 

1",,550# 
163,400 

183,350 
180,000 

168,150 
164,300 

181,700 166,200 

110,400, 158 600 , , 
166,450 152,'250 
168;-400 155,400 

181,950 
186,700 

173,1+00 
186:.100 

184)300 179,750 

J..81,000 161,300 
**** '**** 

181,000 161,300 

188,900 171,100 
189.400 168,9,0 
189,150 170,000 

200,700 
182,,1rf,0I! 201,700 

201,.,200 182,1$0/1 

,,*** 
, '6.0 
',6.0 

7.0 
4.0 

'0' 
It.o 

, '6.0 
5 ... 0 

7.0 ,.0 
6.0 

6.:0 
3.0 4., 
7.0 
**** 7.0 

~.o 
2.0 
~,,$ 

).0 ,.0 
4.0 

>t'ik~ 

)/16 
>1/4* 

>l/h* 
>1/4* 

3/16 
,/1<> 

>1/-4* 
>1/4* 

3116 
>1/4* 

>1!b;H-
3/16 

>1/4** 
>1/4** 
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TABLE 23. (OONTIWED) 

.':.-., ........ IIi!iI!II ... 
.....,.-"'--~ ...... -« -,¥ -" - "''l'" .......... "". -,; ... , .... -"':"~ " 

"'~' . :1 
, ...... ,~. - - -- - - .. " ~ . 

-' 

,~' .~~ 

Heat 
No. 

SPec. 
No. 

" Gomposi tion, ~ 
ihte1ided Actual 

Original Properties 

Te.nsile E10ng., 
Strangth~ % in 1 lZHN 
p.s.i. () 1mh (9) 

ltinil1!um 
:Bend 

R,adiu$, 
Incb(10) 

~edete.I'Ill;i.ned Fl"Opel'itiQ"s 
- , Yield -,.~. -' ......... -""'IIl"""t-niili'f-.· !-Uln~'" 

Tensile '--Strangth, .E1ong., Benq 
Strength, p.1!!. i. at % in 1 Radius 
p.e .i. (~-y (0.2% Offset) Inch !:nch(lO) 

_~. t- J _-~......".,_."i\ ___ '" 

WOl1J(2) ... 1 2 .• 5Cr,1.OMo,O.2N o·.o26c,. O.lB1N ,.2. 890r, o. 92Mo' 191,000 6.0 
,'2 185,900 6.0 

Avgo 188,500 6.0 

WH27(2) 1 $.OCr,2.0N±,Oo2N 0.024c ,.00 145N, 4. 63Cr, 1. 98N:i. 189,300 4 .. 0 
2 . 200,000 2.0 

Avg. 194,100 3 • .0 

WH283(7) 1 3.5Mn,1.0V 0.032C,0.038N,2.4.3Mn,0.18V *** *** 
2 183,)00 8.0 

Avg. ' 18),300 8.0 

WH293(?) 1 5.0Mn,1'-OV 0.044c,0 .• 030N,4.46Mn,O.9OV 195,300 3.0 
201, 6c:>OHit .3.<>*** 2 

Avg. 198,400 

l1H292(7) 1 3.5Mn,2.0V 0.032C,0.032N,2.27Hn,1.20V 193,750 

* 
** 

*** **** 
/I 

(1) 
'(2) 
(3) 
(4) 
(5) 
( 6) 

2 
Avgo 

Some ductility. 
Ver,y little ductility. 
Unmelted alloy evident in fracture. 
Defective 8pecimeh. 
Extrapolated value; curve did not reach 0.2% offset. 
Data taken from Summar,y Report, Table 59. 

tI " " ,It " Table 61. 
11 tI " tI " Table $6 .. 
It tI " 11 tI Table 33. 
M " tI 11 11 Table 410 
tI " • II " Table 51. 

**** 19),750 

3.0 

2.0 
-l.,*** 

2.0 

3/16 1.72,(;00 
175,150 

318 17:3,900 

3/16 198,900 

41.7 
200,000 
199,450 

1/4 1)8,350 
165,$00 

245 151,900 

>1/4* 150,350 
154,400 

302 152,400 

1/4 141,100 

235 
169,950 
155,500 

(7) Data not previous~y reported. From ternary titan:l:um-tmUlganese.,..vanadium series of alloys showing nonuniform 
distribution of the alloying elements. 

(8) Longitudinal l4·gaug. speoimens .3 inches long by 0.375 ~nch wid. with a 0.25~~neh-wide reduced 8ection. 

163~200 
150,95011 
157,100 

176,45011 
191,050 
183,750 

104,000 

130,450 
119,750 
125,000 

111,850 

(9) 
(10) 

to-kg. load. Hardness at the center of the cross 9e¢tionof the sheet 90- to the surface and the rolling direction. 
Minimum bend radius witho~t cracking on a longitudinal specimen 3 inches long by 0.5 inch .tde. Tested With surface 
skin present. . 

8~o )/16 
8i1o >1/4* 
8~O 

3 .. 0 >1/4* 
6.0 >1/4* 
4.5 

12.0 3/14 
6.0 . >1/4* 
9.0 

1.0 "4-

7,,0 
>1/4*' 
>lj4* 

7DO 

9.0 >1/4* 
5.0 3/16 
7.0 

~, 
I .~ 

"" .. '. . . 

\ 
j 
i---~,: :---:-:-' . 
I '. ~ 
" ', .. ,-';'. 

',:t>'. 

i 

I , I 

I 

\ 1 . 
} -
:1 
! 

!-

., 



as noted in the section on Ternary Alloys, were found to have honuniform

distribution of the alloying additions, These data and the chemical

analyses further substantiate this conclusion.

Referring to Table 23, it will be noted that the 0.2 per cent

X
offset yield strengthsof the various alloys average about 20,000 p.s.i.

lower than the ultimate strength.

As a further step in 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 in arc melting, as a further check on the new melting

procedure.

These ingots were fabricated to 14-gauge sheet and six longitudinal

tensile specimens were taken at various locations in the sheet. Two speci-

mens each w!ere taken from opposite sides and ends of the sheet and two

adjacent specimens were from the center,

The tensile properties and hardness of. the various specimens, from

each alloy on which the testing has been completed, are listed in Table 24.

As noted in Table 24, a few of the specimens showed some evidence

of a nonuniform cross section, but there was no indication of unmelted

alloy in any of the fractures. Comparing the tensile properties for the

9 various alloys as listed in Tables 23 and 24, it is evident that results

those of
quite comparable with/the earlier tests were obtained from a considerable

number of these compositions.

This irk of re-evaluating the better alloys .-ill be continued,

SAMlLLE MEMORIAL INSTITUZ
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as noted in the section on Ternary Alloys, Ylere found to have nonuniform 

distribution of the alloying additions. These data and the cllenrl.cal 

analyses further substantiate this conclusion. 

Referring to Table 23, it vrill be noted that the 0.2 :per cent 
; 

offset yield strengths of the various alloys average about 20,000 p.s.i. 

lower than the ultimate strength. 

As a further step in 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 in arc melting, as a further check on the new melting 

procedure. 
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adjacent specimens were from the center. 

The tensile properties and hardness of, the various specimens, fr('lm 

each alloy on which the testing has been completed, are listed in Table 24. 

As noted in Table 24, a few of the specimens showed some evidence 

of a nonuniform cross section, but there was no indication ofunmelted 
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various alloys as listed in Tables 23 and 24, it is evident that results 
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number of these compositions. 
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TABLE 24. EVALUATION OF S~ECTED TITANIUM-BASE AI.Ji,OYS 

}-
f. 
; ..... 

Alloys Prepared USing A:l.loy Hardel'l,er5{l) 
Relative Alloys Prepared Using Pure Metals 

Intended Location Tensile Elong., Tensile Elong., 
Spec", Composition" of Strength, % in 1 VIm Heat strength

2 
% in 1 VHN 

No. % Specimen p.s.i.(2) Inch (3) No. p.s.i.( ) Inch (3). 

X-1 Unalloyed Front, side 75,700 22.0 178 
X-2 It Front, side 75,200 22.0 178 

"Y-1 If Center 75,500 23.0 179 
Y ... 2 II Center 76,000 21.0 178 

I ". 

I 
} 
! ,. 
1 , 
! 

I 
i 

Z-l tr Rear, side 75,000 22.0 176 
Z-2 II Rear, side 74,000 22.0 172 

Avg. 75,200 22.0 176 
J 

\0 
\:J:\ ,. ~-l 3.5C1;", 0 .. 25c., 2 .. OFe Front, side 

X-211 tin Front, side 
1-1 11 It II Center 
1"_2'1 II II Center 
Z ... 1 \I II 1\ Rear,side 
Z-2" II "Rear, side ',': 

__ X-l 5.0Cr,O.25C,2.0B'e Fl'ont,side 22h200 1.0 429 "m314 194,600 3 .. 0 384 
X ... 2 It II " Front, side 202,.900 0.0 435 II 195,9~ 2.0* 416 
1'-"}' It It " Center 204,000 1.0 433 II 1~4,2oo 6 • .0 405 
1-2 II It II Center Broke in grips 425 11 207,900 3.-0 408 
Z.,..l " it 11 Rear, side 214,300 1.0 4li It 180,400 7.0 370 
Z-2 .'tI II 1\ Rear~·s:1.de 212,40<l* 1.0*- 421 II 181 1O<:m-- - -:~. 0* 314-., 

. Av.g. 211,600 1.0 426 II 190,700 5.0. 393 '. I, 

t , 
.. " ... ~'" "'~l' '" :. ,,\' :' ... -,(~. r -:',;t'i'~ H 

:,':;' :; :' 

:f' , 
, ' 

If; 
-~~;1~~~Il~ra- -~~ :_: 
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X-I 
X-2 
Y..,.1 
Y"'2 
Z-l 
Z-2 

X-I 
X-2 
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Z..,.l 
Z-2 

X-I 
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Y-l 
Y-2 
Z-1 
Z";"2 
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TABLE 24. (CONTINUEB) 

Alloys ;Prepared Using A1l9Y Hardeners(1) 
Relative 

Intended Location Tensile Elong., 
Composition,. of 3trength, % in 1 VHN 

% Specimen p.s.i.(2) Inch (3) 

5.0Cr,t0.25C,2.0Mn Front,side 
" II \I Front., side 
\I n 1/ Center 
'I It II Center 
It u- " Rear, side 
II " II Rear, side 

Avg. 

3".5Cr,.1 .. 0Mo,.0.2N Front,side 
It It " Front, side 
II I( II Center 188,600 5.0 393 
If II 11 Center 173,500* 4 .. 0* U7 
,\I it If Rear,s1de 177,500 6.0 399 
If II I! Rear,side 170,900 

Avg. 177,600 
6.0 412 
5.2 405 

5 .. :OCr,0.25C,0.lN Front,side 
II It It Front, side 
it II II Center 
Ir 11 11 Center 
I~ " 11 . Rear,side 

'11 • II II' Rear,.sid~ 
. Avg. 

7 P ::.. , . "''''" ', •. " .......... " ................. J.; ... 

,"' l .~:~ J:.-' 
,~ 

:~. 

.1 

. . 
Alloys Prepared Using Pure Metals 

II'ens~Ie Elong .• , 
Heat Strength, % in 1 VHN 

No., p.s.i.(2) Inch (3) 

",H299 190,800 2.0 347 
II 167,300 8.0 336 
11 168,600 2.& 387 
II 200,)00 3.0 )83 
II 18),000 3.0 406 
II . 156,300 9.9 :325 
tI 177,700 &.5 364 

r;H300 167,100 9 .. 0 403 
it 168,000 8.,:), 316 
II 180,100* 5 .. <>* 374 
II 200,000 3.0 397 
II 196,500· -" 3.0 - -:380-.., 
II 200,900 . 366 
II- 185,400 5.·6 382 
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TABLE 24. (CONTINUED) 

Alloys Prepared Using Alloy Hardeners(1) 

Heat 
NO. 

Spec. 
'No. 

Intended 
Composi tion, 

% 
~,~~----------~--

1'~J~6 
II 

II 

II 

If 

It 

'''JU 
It 
II 

tf 

It 
,~ 

X-I 
X .... 2 
Y-l 
Y ..... 2 
Z~ 
Z..,..2 

X-I 
X-2 
Y-l 
Y-2 
2-1 
2-2 

X-1. 
X ... 2 
I-I 
I-2 
2-1 
Z"'2 

5.;OMn,.o.25C 
If 1/ 

1/ If 

II -I! 

" If 

\I It 

5.,OCr ,O.IN 
" II 

tf II 

n II 
\I II 

II \I 

5 "OCr,:O .. 2N 
(I 1\ 

n -II 

u If 

It II' 

• II' II ._ 

Relative 
Location 

of 
Specimen 

Front,side 
Front, side 

Center 
Center 

Rear, side 
Rear,s1de 

Asrg. 

Front, side 
Front, side 

Center 
Center 

Rear, side 
Rear,side 

Avg. 

Front, side 
Front, side 

Center 
Center 

Rea:!:'" side 
Rear, side 

Avg. 

Tensile 
Strength, 
n.s.i.(2) 

177,900 
189,800 
175,900 
178,800 
185,900 
173,000 
180,200 

206,500 
193,500 
202,100 
188,600 
202,200 
18~,100 
196,000 

Elong., 
% in 1 

Inch 

4.0 
4.0 
5.0 
6.0 
6.0 
6.0 
5.0 

1.0 
2.0 
3.0 
3 .. 0 
4.0 
4.0 
2.8 

VHN 
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Alloys Prepared Using pure Metal$ 

Tensile' Elong~, 

Heat Strength~ % il): 1 
p.s.i. () Inch No. 
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TABLE 24. (CUiiIII'1NUED) 

.(\lloys Prepared Using Alloy Hardeners(l) 

lntended 
Composition, 

% 

5 OMn 101" .. ' ,... 
If If 

II It 

If It 

'It It 

11 If 

5 .. ,OOr,2.0V,0.25c 
rr " If 

II \I It 

If " It 

It II \I 

If II It 

5.OCr,1.OV"O.2N 

" It II' 

II " tr 

II " If 

It II II 

It It It 

Relative 
Location 

of 
Specimen 

Front, side 
Front, side 

Center 
Center 

Rear,side 
Rear,side 

Avg, 

Front,side 
.Front, side 

Center 
Center 

Rear, side 
Rear,side 

Avg. 

Front, side 
Front,side 

Center 
Center 

Rear ,side 
Rear,side 

.a.vg .. 

Tensile 
Strength, 
p.s.i.(2) 

187,600 
187,500 
187,600 
l71,800 
175,000* 
173,200* 
181,500 

18$,600 
184,800 
192,900 
194,300 
195,600 
196,400 
191,600 

177,400 
J.78,)00 
180,300 
180,300 
179,100 

, 

E1ong., 
% in l 

1mh 

4.0 
4.0 
4.0 
5.0 
5.0*-
5.Oif. 
4.5 

4.0 
4.0 
4.0 
3.0 
4.0 
4.0 
3.8 

6.0 
6,,0 
5.0 
5.0 
5.5 
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380 
381 
370 
376 
375 
375 

379 
)6J. 
370 
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TABLE 24. (CONTINUED) 

AJ,loys Prepared Using Allqy Ha.rdene~s(l.) 
ReT'ative 

Intend,ed Location Tensile Elong., 
Composition, of Strength, % itl 1 VHN 

% Specimen p. s.i. (2) Inch (3) 

~.5Cr"I.OMo,0.2N Front,side l'T8,100* 4.Oif 369 
II II II Front, side 182,000 
It \I 1\ Center 173,100 
" II " Center 179,600 / 

5.0 3h7 
6.0 364 
4.0 361 

11 II It Rear, side 186,300 
" It II Rear, side 184,700 

Avg. 180,700 

4.0 421 
4.0 427 
4;5 381 

5 .. OCr,2 .. 0Ni,O .. 2N Front,side 
It II ff Front, side 
If If 1/ Center 
" 11 II Center 
II It 1\ Rear, side 
II If \I Rear,side 

3 .. 5Mn,1.OV Front, side 153,500 
It \I Front, side 153;,500 

8.0 434 
8.0 417 

tt II Center 156,000 7.0 h29 
If II' Center 157,600 
It It Rear, side 166,1~ 
11 If Rear, side 165,000 

Avg. 158,600 

1·0 358 
6.<* 399 
7.0 383 
7.0 403 

5.0Mn,1.OV Front, side 
It II Front, side 
1r II Genter 
It 1/ Center 
If It Rear, /Side 
If If Rear, side 
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A~~oys Prepared Using Pure M~tals 

Tensile Elong., 
Heat Strength, % in 1 vmr 

No. p. s.i. ~2) Inch (3) 
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TABLE 24. (CONTINUED) 

~119YS Prepared Using Alloy Hardeners (1) 
Relative Alloys Prepared Using Pure l!etals 

Intended Location Tensile Elong., 
Heat. Speo,. Composition, of Strength % in 1 VHN 

No. No., Inch (3) 

Tensile Elong., 
Heat Strengtl'J.~) % in '1 VHN 

..' j'!j1't 
. J .. f.~ 

-. 

: 

J,t 

iii 
l" 

·1 

% Specimen p.s.i.(~) - I'k>. p. s.i. (' Illeh (3) 
~,----------------~-------------------~------------------------

'';J~1 
It 
tf 

ft 

fI 

if 

"'Jl~S 

* (1) 

(2)' 

(3) 

X--I 3.,5Mn,2.0V Front ,side 164,100 6.0 370 
X .... 2 " II Front., side 175,500 6.0 373 
1-1 It " Center 184,800 7.0 363 
Y .... 2 II II Center 171,100 7.0 . )69 
Z-l. It tt Rear, side 171,900 7.0 366 
Z..:.2 It It Rear, side 171,900 7.0 387 

il.v:g. 173,200 6.6 371 

X-I 5.0Mn,O.lN Front,side 181,,800* 6.0* 379 
X-2 It If Front, side' 187,000 6.0 363 
1-1 II' II Center 19~,700 6.0 384 
1:-2 (t " Center 19>,800* 5.0* )88 
Z-l It If Rear, side 190,000 5.0 )64 
Z-2: \I U Rear, side 185,800 6.0 366 

Avg. 188,900 5.6 374 

Vet."$' sllg,ht-endeno-e' oi-nonuniformstructure in £racture. 
Ohrootium added as a 58%Cr eutectic alloy, manganese as a 35%Mn master alloy, vanad,ium as a 35%\r master 
alloy, iron as a 35%Fe master alloy, nickel as a 34%Ni eutectic alloy, molybdenum ,as. a 4Q%Mo sintered 
compact, nitrogen as a 2.5%N sintered compact, and tungsten as compressed pellets ·of tungsten and 
ti taniuni potrders..; . _. _ 
Longitu~nal specimens of l4-ga~ge.sheet, 3 inches long by 0.375 inch vr.lde,. with a. O.2So-~ch-wfde 
reduced section .. 
10-kg. load. Hardness at the oenter of the cross section of the sheet tensile sp~cimen 90° to the 
surface and to the direction of rolling. average of at least , readings. 
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INVESTIGATION OF REFRACTORIES FOR MELTING TITAN='&

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

The investigation of refractories for melting titanium was con-

tinued. Following the previously established practice, 10- to 15-gram melts

were made under an argon atmosphere. After cooling, the melts and crucibles

were sectioned and examined.

During the period covered by this report, the evaluation of the

melts made in the tantalum carbide- and tungsten beride-lined carbon cru-

cibles was completed. Additional melts were made in hot-pressed titanium

carbide, hot-pressed zirconium oxide (stabilized with CaO), calcium oxide,

calcium oxide 1.fluxed with TIC2), and aluminum oxide crucibles. 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 oxide crucible was wet by the titanium

in only one place. However, the Vickers hardness increased from 160 for

the melting stock to hho for the melt. A survey of the melt showed that the

metal near the point of wetting was hO to 60 Vickers numbers harder than

the rest of the melt. No hardness values below 4OO were found. It is,

therefore, remotely possible that the hardness increase may have resulted

from contamination introduced at the point where the titanium wet the

*crucible,

This zirconium oxide crucible will be examined to show variations

in composition or structure if any can be detected. Sin e this is the f"-s

refractory material which had areas not wet by the titanium, further ex-

perimental work vdll be carried out to explore the refractory fully*
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INVESTIGAT;I;ON OFREFEACTO:EtIES FOR MEtrING TITANIUM 
""j 

,.(1'. D. Maddex and L. Yf. Eastwood) 

The investigation of refractories for melting titanium vias con-

tinued. Following the previously established practice, 10- to l.5-gram melts 
" , 

; 

were made urrler an argon atmosphere., After cooling, the melts and crucibles 

"!'rere sectioned and examined. 

During the period covered by this report, the evaluation of the 

melts made in the tantalum carbide~ and tungsten bcride~lined carbon cru-

cibles was completed. Additional melts were made in hot-pressed titanium 

carbide, hot-pressed z:irconium oxide (stabilized with CaO), calcium oxide, 

calcium oxide ~fluxed with Ti02), ani aluminum oxide crucibles. The last 
. -

3 crUCibles, made by comprossing and sintering, had porosities of 1.6; 0.8, 

:md 1.6 per cent, respectively. 

The hot-pressed zirconium oxide crucible was wet by the titanium 

in only one place. However, the Vickers hardness increased from 160 for 

the melting stock to 440 for the melt. A survey of the melt showed that the 

metal near the point of wetting was 40 to 60 Vickers numbers harder than 

the rest of the melt. No hardness values below 400 were found. It is, 

therefore, remotely possible that the hardness increase may hav~ resulted 

from contamination introduced at the point where the titanium vret the 

crucible. 

This zirconium oxide crucible will be examined to ShOVl variations 

in composition or structure if any- can be detected. Since thi? is the £ir-St 

refractory material which had areas not wet by the titaniuul1 further ex­

perimental work rlill be carried out to explore the refractory fully. 
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Examination of the melts made in calcium, oxide, calcium oxide

fluxed with 2 per cent Ti02 , and aluminum oxide crucibles shows that the

liquid titanium reacts with these crucible materials. Hardness measure-

ments will be made and they should indicate the extent of the r action.

The results of the present experimental work are summaiized in

Table 25.

ANALYTICAL METHODS FOR TITANIUM-BASE ALLOYS

Studies on the Chemical Analysis of Oxygen in Titanium
by the Chlorine-Carbon Tetrachloride Method

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

In the previous bimonthly report, there was a brief discussion

of the chlorine-carbon tetrachloride method for determining oxygen. It was

indicated that a detailed description of the apparatus and techniques used

in the investigation of this proposed analytical method would be included

in this report. The follawving section contains these data.

It was suggested that the decomposition of titanium by a mixture

of carbon tetrachloride and chlorine might serve as the basis for a deter-

mination of small quantities of oxygen in the metal. Treatment writh this

gaseous mixture should distill the titanium as titanium tetrachloride,

release any free oxygen present, and convert any combined oxygen to carbon

monoxide or carbon dioxide. Passage of the products of this reaction over

hot carbon should convert all oxygen to carbon monoxide, t;hich could then

be collected and analyzed by conventional methods. This proposal Vwas based

on reported methods for the determination of oxygen in organic compounds(1 , 2),

together with the suggestion that the carbon tetrachloride-chlorine mixture

should readily decompose titanitm metal and titanium oxides at moderately
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Examination of the melts made in calcium,o.x::ide, calc~um o:xide 

fluxed 'with 2 per cent Ti02' and aluminum oxide crucibles shows that the 

liquid titanium reacts with theso orucible materials. Hardness measure-

ments 'Jilill be made and they should indicate the extent of the r~action. 

The results of the present experimental work are summatized in 

Table 25. 

ANALYTICAL METHODS FOR TITANIUM-BASE ALLOYS 

studie.s on the Chemical Analysis nf Oxygen in Titanium 
by the Chlorine-Carbon retrachlOride MetPod 

(E. J. Genter and A. C. Eckert) 

In the previous bimonthly report., there was a brief discussion 

of the chlorine-carbo~ tetrachloride method for determining oxygen. It was 

indicated that a detailed descripti.on of the apparatus and techniques used 

in the irivestigationof this proposed analytical method would be included 

in this report. The following section contains these data. 

It was suggested that the decomposition of titanium by a 'mixture 

of carbon tetrachloride and chlorine might serV8 as the basis for a deter-

mina tion of small quanti ties of oxygen in the metal. Treatment with this 

gaseous mixture should distill the titanium as titanium tetrachloride, 

release any free oxygen present, and convert any combined oxygen, to carbon 

monoxide or carbon dioxide. Passage of the products of this reaction over 

hot carbon should convert all oX$'gen to carbon monoxide; t-Ihieh could then 

be collected and analy~ed by conventional methods. This p:):·oposal. ","8.S baSed 

on reported methods for the determination of oxygen in organic eom~oUrrls(1,24 
together with the suggestton that the carbon tetrachloride...chlorli.ne mixture 

.' _~~?u.l~ ~e~dily~~~cornpos~ti 'tia:niUll!. ~t!t~and t! ta_n:i.um oxides att modera_te ly 
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Crucible 
MateI'ial 
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TABLE 25. DATA ON REFRACTORIES TESTED AND RESULTS OBTAINED 

Melting 
Atmosphere 

"Tetting of 
Crucible 
by Ti {I} 

Chemical 
Analysis, % 

Vickers 
Hardness .. 

(lO-Kg.Load) 
Metallographic 

Examination 

Crucible Attack 
at Ti-Refractor,y 

Interface 

-. ,,~ .. ~~~ .,:~~ 
.:-~: ... ~~'_~:~I~! ~ 

" 

!~ ~, ,. ,. ,­
-"' .. " . 

Hot-pressed TiC 
(tiepeat) 

Argon Yes 0.42 C 269(2} Considerable carbide 
phase present (4) 

No attack evident 

Tae heavy lining Argon 
on graphite crucible I 

1'13 l:1ning on graph- Argon 
:tte crucibl.e 

Hot-pressed Zr02 Argon 
€;;tabilized with CaO} 
Cao-compressed; Argon 
porosity - 1. til- , 
CaO (fluxed with 2% Argon 
Ti02) compressed; 
porosity - 0.8% 

AlgO) compressed; 
porasi ty- .... 1 .. 6% 

Argon 

Yes 

Yes 

Only in one spot 

Very li tUe wetting 

"'et 1/2 diameter of 
crucible 

"Tet only Cine side 
of crucible 

(1) Indioated by meniscus on top of' ingot. 

267(2) Ditto 

306(2) See Footnote 5 

440(3) Not complete 

Not complete 

Not complete 

Not complete 

Ditto 

Ditto 

Ditto 

Some attack 

Some attack 

Some attack 

(2) Vickers hardrless of the titanium ingot from which the forged-rod melting stock was matie was 210. 
Consequently" hardness v4ues greater than this are ca'!.lSed by contamination when thELt~~:t' ingots :w~re __ _ 

- made. Ii" no contamination occurred, melting the forged bar would lov/er the hardness slightJ,.y. 
(3)' Viclcers h~dness of the titanium ingot from which the forged-rod melting stock was made was 160. 
(ll) The c~bide phase appears in a dendritic pattern unif'ormly distributed throughout the sample. 
(~) A second fhase, very s:bnilar in appearance to melts made in carbide crucibles, was present; however, 

the COristl.t.uent is much smaller and appears to have a grain-refining action. 
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high temperatures.

This investigation shows that such a method involves certain I

difficulties which make it impractical. A variation of the method based on

distillation of the titanium (as the tetrachloride) by treatment with

chlorine followed by chemical analysis of the residue also appears to be 4.

impractical.

This investigation consisted in first finding satisfactory

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 completion.

Figures 32 and 33 show a schematic drawing and a photograph of the

apparatus. The purifying train was constructed of Pyrex glass and Tygon

tubing and the combustion tube was made of fused silica. Fused silica and

ceramic Leco-Type HF-C boats were used to contain the sample. The various

samples used included both Bureau of Mines titanium povder 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 order 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,

BA'rEL, MEMORIAL INSTITUTE
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high temperatures. 

This investigation shows that such a method involves certain 

difficu1;.ties which make it impracticaL A variation of the method based on 

distillation of the titanium (as the tetrachloride) by treatrhent with 

chlorine followed by chemical analysis of the residue also appears to be 

impractical. 

This investigation consisted in first finding satisfactory 

materials for construction of the necessary appar"atus and then finding a 

set of conditions under which decomposition of the sample would run to a 

sufficient degree of completion. 

Figures 32 and 33 show a schematic drawing and a photograph of the 

apparatus. The purifying train was constructed of Pyrex glass and Tygon 

tubing and the combustion tub~ was made of £used silica. Fused' silica and 

ceramic Lece-Type HF-G boats were used to contain the sample. The various 

samples used included both Bureau of Mines titaniwn 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 order to chec!{ the genera:!. operl;ition of the train and .furnace, a 
nwnber of qualitative runs Vlere. made_ These runs are not included 
in Table 27" 
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TABLE 26. TYPICaL A ALYSIS OF BUREAU i
OF MINES TITANIUM P°0,DM,

p -

Element Per Cent

C 0. 02

N 0.02
Fe 0.14
Mg 0.46
0I 0.04

0,02Si 0.02

H2  0,12
Al 00l

In Table 27, it is evident that the decomposition of the sample

was never better than 99.7 per cent, except when temperatures above 800cCI

were used. Although the residues of these high-temperature treatments are

approximately 3 per cent of the sample treated, they represent less than

two hundredths per cent of the original sanple, since they are residues from

titanium metal decompositions which took place at lower temperatures. This

two-step procedure ..as used because it was found that the heat of reaction

of the bulk sample was so great that it was difficult to avoid cracking

the boats. In order to have a weighable quantity of material after the

high-temperature treatment, it was necessary to start ith a large

quantity of original sample. Because of physical limitations, it was

generally more convenient to perform the lower temperature decomposition

of this large quantity in several smaller batches.

The results recorded in Table 27 shov- that, although the de-

composition of the sample was sufficient at the higher temperatures, a

significant amount of attack took place on both kinds of boats investigatedo
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TABLE 26. TYPICAL AlilALYSIS OF BUREitU 
OF MINES T.I:TANIUM PO'-;DER 

Element 

o 
N 
Fe 
Mg 
01 
Si 
H2 
Al 

Per Cent 

0.02 
0.02 
0.14 
0.46 
0.04 
0.02 
0.12 
Oil 01 

========~============:;=====~==========~=========== 

In Table 27 , it is evident that the decomposition of the sample 

was never better than 99.7 per cent, except when temperatures above 80000~ 

were used. Although the residues of these high-temperature treatments are 

approximately 3 per cent of the sample treated, they represent less than 

two h~ndredths per cent of the origi~~l sample,since they are residues from 

titanium metal decompositions which took place at lower temperatures. This 

two-step proceduro "'as used because it 1'las found that the heat of reaction 

of the bulle sample was so great that it w'as difficult to avoid cracking 

the boats. In order to have a weighable quantit,y of material after the 

high-temperature treatment, it was necessary to start with a large 

quantity of original sample. Because of physical limitations, it was 

generally more convenient to perform the lOVJ-er temperature decnmpositioTl 

of this large qmmtity in several smaller batches. 

The results recorded in Table 27 show that, although the de-

composition of the sample 'fas sufficient at the higher temperatures, a 
I • 

significant amount of attack took p~aoe on Qoth }~s of boats inVestigated. 
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TABLE 27. SIARY OF RUNS

Average. Boat Coni-
Run Temperature, Time, sumption;
No. C.Hours Sample Residue Mg

1 450 5 Bureau of Mines powder 1.-2
2 450 2 Ditto 0.8
3 450 -4 11 8. (2)
4 525 5 (2)
5 525 6-1/2 -3-73 (1) (2)
6 5,25 6-1/2 I019, (i) (3)
7 550 1-1/2 0.8 0.0
8 550 2-1/2 (2)

*9 550 7-1/2 flu Pont sponge 0.32
10 575 1 Bureau of' Mines powder- (2)
11 650 7 Ditto 0.54 15
12 650 6 110.75 3 (2)
13 675 5 110.72 60
14 675 4-1/2 0.5 126.3
15 850 3-3.12 Residue Run No. 6 2.1 26.2 (3)
16 850 5 Residue Rurs Nos. 9, 3.3 26.4 (3)

11, 13
17 875 6 Residue Run -No. 12 4 2.4,

(1) No CC14 used#
(2) Boat cracked during run.
(3) Leco HF-C boat used.

'\., .... , 'l'-... ' ......... ' 

I 
~ " '. -'" ,,. ,["~-,,,,- , '-'" ""","~~ , .- "",,",,- ~' .. --""'" 

-TABLE 27.. SUMlvIil.RYOFRUNS 

Average 
Run Tenq:>erature, Time, 
No. °C. Hours Sample 

1 450 5 Bur~au of. Mines poWder 
2 450 2 Ditto 
3 450 ,4 il ,oj. 

4 525 5 " .5 525 6-1/2 " 6 5,25 6-1/2 11 

7 ,550 1 .... 1/2 " 8 550 2-1/2 " 
9 550 7-1/2 Du Pont sponge 

10 575 1 Bureau of Mines powaer 
11 650 7 Ditto 

\ 12 650 6 I' 

13 675 5 t1 

14 675 4-1/2 
15 850 3-1/2 Residue Run No. 6 
16 850 .5 Residue Rum NOB. 9, 

17 875 6 
11, 13 

Residue Run No. 12-

(1) No 0014 used. ' 
(2) BQatcracked during run-. 
(:3) Leco HF-G boat used. 

'% 
Residue 

l.2 
0.8 
8. 

-.3.73 (1) 
9.9 (I) 
0.8 

0.54 
0.75 
0.72 
0.5 
2.7 
3.3 

4 

Boat Con­
sWI'lption, 

Mg 

0.0 

15 

(2) 
(2) 
(2) 
0) 

(2) 

(2) 

3' (2) 
60 

126.) 
26.2 (3) 
26.4 (3) 

2.4 ' 
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Since the attack on a silica boat probably involves a reaction in which

oxygen is released, as carbon monoxide, it is likely that the quantity

evolved from the walls of the silica combustion tube would caus6 an ex-

cessively high oxygen blank in an actual determination.

Correlation of results from spectrographic and X-ray diffraction

analyses of residues from the lower temperature reactions indicates that

these materials consist essentially cf spinels. Only a trace of quartz

is present. Magnesium is prescnt, principally as magnesium oxide, although

it is possible that some of it is a constituent of one of the spinels. No

oxide of titanium is found, although some of the spinels possibly presunt

contain titanium together with oxygen in the ratio of 1 or 2 oxygen atoms

per titanim atom. Becausc of their close similarity in structural arrange-

mnnt and lattice constant, individual opinels cannot [; distinglished on

the basis of X-ray evid nce. The exist,.nc._ of spin :is is probably the

undrlying factor in maKinr devlopment f thu anlytical method difticult,

sinc,. they are extremely difficult to d,-comnos. :lichardsor, and co-':r-rkrP)

found that in , stram of chlorin. At 10,20 0 C. for 35 hours % sinil-r sEin-l

lost only 16.5 per cent of its :,ight.

On the rsidu;, fron ractions ":ith hlorin -, cL,,ial

analys,_,s account for a large-, percentage of the oyg,_:, ,J,.ctidto - fouMd

in the sHuemr, unc_.rtainty ,;xists ".s tc ioz :- zxy.n i, th:

oxidationr st-t. cf tit rd=. -sscciAt,:, . itl- cx- r.. It, r:frr , / t

additicnai infer.tin, it i. ifpossi tiri±. fctor

for c'oi.u tiK ,xyg,-rn co-..'_ r.t frc , t. t' ,, ic -i K.-.-;>,

- -n, foil;-irn.z spir~s cc~idi b xr......t: ik~ F, ii; ,TiC,

BA L cI
BATTEi-LE MEMORIAL INSITUTE
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Since tho attack on a silica boat probably involves a reaction in which 

oxygen is released, as carbnn monoxide, it is likely that th(~ quantity 

evolved from tho walls (If the silica combustion tube would cause an ox-

cessively high oxygen blank'in an actual determination. 

Correlation of results from spectrographic 2nd X-ray diffraction 

:mulyses of residues from the lower temperature re:J.ctions indicates that 

these materials consist essentially c.f spinels. Onl;/ J. trac0 of quartz 

is prosent. Magnesium is pres(;.nt, principally .'18 magnesium oxidd, although 

it is possible that some of it is a constituc::nt of one of t.he spinels. No 

oxide of tit,3.nium is found, although some of th", spinL:ls pos~ibly prcs("nt 

cont3.in tiUmium tog'.Jther 1'1. th oxygon in thl) ratio of 1 or 2 oxyg.::n atoms 

per titanium atom. Bcc<<us(' of their clos0 sillil'1rity in structnr'11 trrange-

mont :md l:l.ttic:) const"mt, lndividual ;;pinels e~tnnot h; distingllish",d or: 

The ,;xist'~nc,_ o~' spir. ;ls is prob'.lbly thi:' 

ur.d..;rl;/ir:g f:.ctor in m-1Kinf di;v . .:lor:;ment ('or thl; -:w,lytic -11 nIt] thod dif [ienI t, 

sinc,_ they '1r'3 extremely difficult to d,::compos'", 

lost only 16.5 P'c'T c,,"nt of its -::.~ight • 
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On the basis of results discussed above, it is concluded that the

carbon tetrachloride-chlorine method is impractical for the determination

of small amounts of oxygen in titanium metal because a significant amount

of the oxygen is combined in spinels and, thus, conditions are required for

decomposition that cause excessive attack on the boat and the walls of the

combustion tube. The chlorine-chemical analysis method fails because of the

uncertainty as to the Ti-O relationship in the original sample and in the

chlorination residue.

The Analysis of Titanium for Oxygen
by Vacuum-Fusion Methods

In the previous bimonthly report, the technique used at Battelle

and the results obtained in the analysis of titanim for oxygen by the

vacuum-fusion method were described. In the above report, it was irndic-ited

that samples of iodide titanium with known amounts of oxygen added as TiC2

were being prepared and .;-ould be sent to Dr. G. Derze, of the Carnegie

Institute of Techr,%logy, for vacuum-fusion analysis in his lal oratory.

This section describes (ii the pre.arotion of the standard

samples, (2) the apparatus and technique used by Dr. .'jerpe, anJ (3) the

results of analysis.

Preparation of the Standard Samples

Samples ""it. krou,. -eights of o.7;Ofn a ae: a: TiQ2 ;',ere Trrared

fro ioid titar.de" cr..t... . ar ?.T .c1c-. :

. A....L et M-n. RI. Che.IT
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On the basis of' results discussed above, it is conduded that the 

carbon tetrachloride-chlorine ll!ethod is impractical for the determination 

of small amounts of oxygen in titanium metal because a significant"-~ount ----. 

of the oxygen is combined in spinels and, thus, conditions are required for 
, 

decomposition that cause excessive attack on the boat and the walls of the 

combustion tube. The chlorine-chemical analysis method fails bRcause of the 

uncertainty as to the Ti-O relationship in the original sample and in the 

chlorination residue. 

The Analysis of Titanium for Oxygen 
by Vacuum-Fusion Heth0is 

In the previous bimonthly report, the technique used at l1attelle 

and the results obtained in the analysis of ti tar.ilJr.: for oxygen by the 

vacuum-fusi.on method were descriued. In the above report, it wa" irdic'lted 

that samples of iodide titanium "lith known arnoL.nts of oxygen add8d as Ti02 

were beirlg pr"pared and ;iould be sent to 8r. G. LJerge, of the Carnegie 

Institute 'Jf Tech['.,:,l.Je.;-;r, for vac1;UID-i'u::;irJrj 'lLalYCiis ir: hiE laloratory. 

This sec tion describes (1 \ the pre;. arn.tior, of the st"1ndard 

results of ar181ys';'s. 

~reparation of the :')tar.d'1.T'd .:iarr.ples 
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A small capsule of iodide titanium was prepared by drilling a

hole in the iodide titanium, adding a weighed amount of dried C.P. TiO2

in the hole, and plugging the hole with a machined rod of iodide titanium,

The prepared standard was then double melted in argon. Before mlting,

the system was evacuated to about 4O microns three times, flushing to

about 60-cm.pressure with dry, pure (99.955) argon between each evacuation.

Then, the system was evacuated to 0.1 micron, and 10-cm. pressure of 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. Melting was complete in 10 to 15 seconds.

after cooling, the button was turned over and the melting procedure was

repeated.

Ten standard samples of iodide titanium -;ith Kno-rn additions of

oxygen added as TiO2 were prepared in this manner. After melting, the

specimens v'ere ground and the Vickers hardness determined nn the top and

bottom of each specimen. Table 28 contains the data pertinent to the

preparation of the standard samples. Figure 3h sho-;s the relation of the

Vickers hardness and the.calculated oxygen content. The correlation be-

t.-een hardness and oxygen content sho .s remarkably little variation. These 4

snamples were assigned numbers, as indicated in Table 28, and sent tc

Dr. Derge for analysis.

BATTELLE MEMORIAL INSTITUTE
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a small capsule of iodide titanium "las prepared by drilling a , 

hole in the iodide titanium, adding a ".'eighed amount of dried C.P. Ti02 

in the hole, and plugging the hole with a machined rod of iodide titanium, 

The prepared standard Vias then double mel ted in argon. BefC':t'em13lting, 

the system vras evacuated to about 40 microrts three times, flushing tC' 

about 6O--cm.pr.essure with dry, pure (99.95%) argon between each evacuation. 

Then, the system was evacuated to 0.1 micron, and lO-cm. pressure of argon 

was admitted. The system vras evacuated to 0.1 micron again and 1O-cm. 

pressure of argon was admitted. The arC was then struc!( against the copper 

crucible away from the charge. Melting Y/as complete in 10 tn 15 seconds • 

.u-ter cooling, the button was turned over and the melting procedure was 

repeated. 

Ten standard samples of iodide titanium "lith Knoun additions of 

oxygen ad.:ed as Ti02 ,rere prepared in this manner. After melting, the 

specimens ... ·ere ground and the Vickers hardness deterrrJ.ned nn the top and 

bottom of each specimen. Table 28 contains the data pertinent t. the 

preparation of the standard samples. Figure 34 sho.·;s +Jhe relation of the 

Yicl~ers hardness and the. calculated oxygen center.t. The cerrelatior. be-

t''''een hardness and oxygen cClntent sho,;s remarkably little v::triation. These 

~amples were assigned numbers, as indicated in Table 213, ~nd sent tc 

Dr. Derge for analysis • 
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2TABLE 28. OXYGEN STANDARDS FOR ANALYSIS

Wt fSapl Pein Cen Designation

Sample lielting, 1!elting, kelting, Aded, in _______Sentt

No. Grams Gam rms as Sample Top Bottom Dr. Derge

1 7.9246 7*9231 -0.0015 Nn Nne 97.8 97.92
2 7.7944 7.7952 +0,0008 None None 89.1 101.3 5
3 7.9997 8.0i.35 +0-0138 0.0038 0.019 108 106 3.
4 8.3oo5 8.002 -.0.0019 0.0043 0.0215 o 106 ~ 6 9
5 8.0176 8.0163 -0.0013 0.0201 0,10 164 .6

6 8.0205 8.0202 -.0.0003 0.0201 0.100 153 156 4
7 8.0516 8.0500 -.0.0016 o.o~l6 0.257 206 214 7
8 8.0486 8.0456 -0.3030 0.0488 0.243 218 216 10
9 7.9989 7.9970 -0.0019 0.0999 0.500 296 281 6

10 8.00014 7.9950 -0.oo54 0.1020 0.510 286 275 8

*Calculated from final w~eight of sample after melting.
(1) Average of 5 readings.
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TABLE 28. OXYGEN STANDARDS FOR ANALYSIS 

- -- - - _. --~-

Total 
Total '"it. of Lt'ss or 
~t. of Sample Gain in 
Sample After "Teight Per Cent 
Before Double During Ti02 Oxygen 

V}frt1) Sample I.'lel ting, Melting, Melting, Added, in 
No. Grams Grams Grams Grams Sample* Top Bottt"lm 

1 7.9246 7.9231 -0.0015 None None 97 .8 97.9 
2 7.7944 1.7952 +0.0008 None None 89.1 101.3 
3 7.9997 8.0135 +0.0138 0.0038 0.019 108 106 
4 B.J045 8.0026 -0.0019 0.0043 0.0215 106 106 
5 8.oU6 8.0163 -0.001) 0.020l 0.100 164 168 
6 8.0205 8.0202 -0.000) 0.0201 0.100 153 156 
7 8.0516 8.0500 -0.0016 0.0516 0.257 206 214 
8 8.0486 8.0456 -O.J030 0.0488 0.243 218 216 
9 7.9989 7.9970 -0.0019 0.0999 0.500 296 281 

10 8.0004 7.9950 -0.0054 0.1020 0.510 286 275 
=-

* Calculated from final weight of sample after melting. 
(1) Average of 5 readings. 

. I 

Designation 
Assigned 
to Sample 
Sent to 

Dr. Derge 

2 
5 
3. 
9 
1 
4 
7 

10 
6 
8 ., 

~'k 
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OXYGEN CONTENT CALCULATED FROM
TH-E ADDED TITANIUM OXIDE* 1 0 FIRST SAMPLE
0 SECOND SAMPLE--

o300---

Id

Li 10

100_

0 0.1 0.2 0.3 0.405

OXYGEN ADDED, PER CENT

FIGURE 34. RELATION BETWEEN THE VICKERS HARDNESS
AND THE OXYGEN CONTENT OF IODINE TI-
TANIUM SAMPLES
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The Dperge ikethod of Anayzing £Qr
Oxygenl in Tianu b acuum Fusion (11. M. allett)

;parat-Us and GeneralTechnique. The modification of the vacuum-

fusion method used by Dr. G. Derge, at the Carnegie Institute 6fTechnology,

for the determination of o.xygen in titanium may be described as follows:

Figure 35 is a schematic diagram of the Carnegie vacuum-fusion apparatus.

Specimens are introduced into the evacuated system by the mercury lift, A,

and stored in arm, B. A tapered, grounid cap permits nonmagnetic samples

to be put in the storage arm with the system at atmospheric pressure.J

This assembly is connected to the Pyrex furnace head.

The furnace assembly is shonn in detail in Figure 36. The tech-

niques have bean described rather completel.y by Derge, Peifer, arnd

Richards(4) and Derge(5). B.jcause most of the details of the analytical

triin and proccdure artez also given in the f irst paper, they v.ili be dealt

w.,ith but briefly7 here.

T-h-o mercur-y diffusion pumfps, H and 1, are used to r-ernove rapidly

the evolved gases from th, furnace. Pumps, K and L, also aid in the

evacuation but -are used primarily to pack the gases into the analytical

train. Later, ti;e.y circulate the gar, samplc, through the coper oxide

tube, Q, and the frc> .- zing trap, M. The pr--s~ur,:- in tjit colle-ction syst'r-n

is read or, the dibutyl phth'Alate manometer, C,.

(L) :etals Techniology, T.P. 2362, June, 1948.
(5) Journal of ctals, Vol. 1, PP- 31-33P 194.9.
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I Tl)~u De,rge)vietl1od_ofAng.;lyg,ing. ,t'Qr 
, QtygE;'Jl1:l,ti T:i,tarliwn by V~cu,~F\tsi()p (M. I','~ Mall_ett) 

Appa:ratu_s and General Tl?cJ'lJ'l:i.q'lJ,~. The mcrlification of the vacuum­

fusion method use~ by Dr. G. Derge, at the Carnegie Institute ~ Technology, 

for the determination of oxygen in titanium may be described as follows: 

FigQt'e 35 is a schematic diagram of the Carnegie vacuum-fusion apparatus. 

Specimens are introduced into the evacuated system by the mercury lift, A, 

and stored in arm, B. A tapered, ground cap permits nonmagnetic samples 

to b0 put in_ the storage arm 'wi th the system at atmospheric pressure .. 

This assembly is connected to the Pyrex furnace head. 

The furnace assembly is sho''1ll in detail in Figure 36. The tech-

niques have bc~n described rather completely by Darge, Peifer, and 

Richards(4) and Dorge(S). BJcause most of th~ details of tho analytical 

trun and prOCE:.dure arc; also givlln in the :first pa~er, they '/;ill be dealt 

~~th but briefly here. 

T-:,o l!lercury diffusion pumps, H ::ind I, :"1ri.:: used to r8m~)Vf:' rapidly 

th<::: evolved gas~s from th . .;: furnace. Pumps, K :md L, also -lid in the 

evacuation but U'8 used prinarily to pack the g'iSeS into th~c ::m-'llytic'll 

tr:J.in. ; ... atcr, tL·~y circuhte the gas sampl-:-: through the cO:'P!}I' oxide 

tube, Q, and th8 fr0~zing trap, lvI. The pr )ssur·" i:: tilL col1~ction syst'.::rn 

is re~d or. thE: dibutyl phth.3.1ate manometer, G. 

(h) ;,;€bls T",chnology, T.P. 2)62, June, 1948. 
(5) Journal of : ctals, Vol. 1, pp. 31-33, 1949. 
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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 blankI

gates. At this time, etopcock, 2, is closed arnd the gas is measured in

the small vol~ume, to stopcock, 5; the medium volu-me, to stopcock, 6; o'r

the large volume, to stopcock, 7; depending upon the amount of gas ex-

tracted. After measurement, the gas is oxidized (00 to CO2 and H2 to H20)

in the copper oxide tube, and the H20 is frozen out in trap, M, by means

of a dry ice-acetone mixture. After 10 minutes, the residual gases (C02

and N2) are collected, in 5 minutes, in a suitable volume and-measured.

Liquid nitrogen is then put on the trap, k,, and the 002 frozen out in a

period of 5 to 10 minutes. The residual gas is then pumped into a collec-

tion volume and measured.

The volumes of H2 and GO2 are determined from the calibrated

volumes of the system and the drop in pressure during selective freezing.

The residual gas is nitrogen.

The Analysis of Titanium. One or more titanim samples are

stored in the Pyrex storage arm along iith a supply of carborn-saturated iron

and luaps of tin. For a 1-gram sample of titanium, 25 grams of iron -and 5

grams of tin are usedo The furnace assembly is degassed by ihe:ting at

l95O-22000*C. for 4 to P8 hours. -'her. a 5-mninute blanl. at this te,-mperature

indicates the system, to be sufficiently dcgassecl, th.- t,, perture is droivped

to 1800CC. and 25 grains of iron are dropped into the crucible and d _gassed.

A 10-minutt blanP. is takcr. at 1800*0. iseconid Uaiis t-likr. at j'g"

Five granms of tin are dropped at ILOC. an dCo and t.d a ti bianr is

ta.',n. Thie blar57:- at lL~ .and 1706': -* an> usur'ily dn rin.~r

BATTELLE MEMORIAL lNSTfTL'TE

the completion of the gas evolution from the metal l sample is 

shown by a reduced rate of pressure rise, equivalent to that for blank 

gases. At this time; etopcock, 2, is closed and the gas is measured in 

the small voiume, to stopcock, 5; the medium volQme, to stopcock, 6; ~r 

the large volume, to stopcock, 7; depeilding upon the amount of gas ex­

tracted. After measurement, the gas is oXidized (CO to C~ and HZ to H20) 

in the copper oxide tube, and the H20 is frozen out ill trap, M, by means 

of a dry ice-acetonc mixture. After 10 minutes, the residual ga!S9S (C~ 

and N2) are collected, in 5 minutes, in a suitable volume and·measured. 

Liquid nitrogen is then put on the trap, M, and the C02 frozen out in a 

period of 5 to 10 minutes. The residual gas is then pumped into a oolleo-

tion volume and measured. 

The volumes of H2 and C02 are determined from the calibJ'ated 

volumes of the system and the drop in pressure during selective freezing. 

The residual gas is nitrogen. 

The Analysis of Titanium. One or more titar.ium sample~ are 

stored in the Pyrex storage arm along ~~th a supply of carbon-saturated ir~n 

and lumps of tin. For a l-gr:un sample of titanium, 25 grams of iror. '.lnd 5 

grams of tin are used. Th~ furnace assembly is dega.s5~d by Le:~ting B.t 

1950-22000 C. for 14 to 8 hours. ··her. a 5-minute blan:, at this ti-3:T.perature 

to 1800 cc. and 25 grams of iron arc; dropp~d into the crucible and d,.::gassi:Jd. 

~ __ . ______________________ ~ ____ J 
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The 1800*04 blank is higher. A curve of the blank gas volumes

per unit time versus temperature is drawn and used in correcting the gas

volumes collected from the sample.

The sample of titanium is then maneuvered into the furnace by

means of an iron slug moved by a small permanent magnet. If gas evolution

at 1400C. is not greatly higher than that of the empty crucible, the

temperature is gradually raised to 18000C., hesitating at intermediate

temperature where a marked increase in the rate of gas evolution is noted.

The extraction is usually complete in 30 to 60 minutes. The gas is measured

and analyzed as indicated above,

During analysis 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 entire procedure of determining

blanks and dropping additional (5 grams) tin is repeated,

Most of the hydrogen is evolved immediately upon melting the

sample. If the sample contains considerable oxygen, a burst of CO is

noted at 1600-1630°C.

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

lowering its temperature to -1.056C., before placing on the trap. However,

it returns almost immediately to about -80C. when placed araur the trap.

BATWLZ. MEMORIAL INSTTUTF
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The 1800°0 .. blank is higher • .Ii. curve of the blank gas volumes 

per unit time versus temperature is dl'a.\m: and used in correcting the g$.$ 

volum~s collected from the sample. 

The sample of titani1lID is then maneuvered into the furnace by 

means of an iron slug moved by a small permanent magnet. If gas evoluti01l 

at 14oo°c. is not greatly higher than that of the empty crucible, the 

temperature is gradually raised to lBOO°C., hesitating at intermediate 

temperature where a marked increase in the rate of gas evolution is noted. 

The extraction is usually complete in )0 to 60 minutes. The gas is measured . 

and analyzed as indicated above, 

During analysis of the gas, the furnace is e~austed 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 entire procedure of determining 

blanks and dropping additional (5 gt'artls) tin 1.8 repeated. 

Most of the hydrogen is evolved immediately upon melting the 

sample. If the sample contains considerable oJ<Ygen, a burst of CO is 

Notesa¢ COl'lllllents. The dry ice--a.cetone mixture is aspirated, 

lovrering its temperature to -l05"C., befere plaCing on the trap. However, 

it returns almost immediately to about -80°C. when placed around the trap • 
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The copper oxide is made by oxidizing I/4" by i/4" squares of

dopper gauze by heating in air.

The furhiace tube is cleaned with acid each day. The crucible

and graphite funnel are discarded. Other graphite parts and powder are

re-used without treatment.

The speed of the furnace pumps and the conductance of the connect-

ing tubing down to the melting crucible is comparable or inferior to that

of the Battelle vacuum-fusion outfit.

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

sulating powder, whereas a beryllia thimble is used for that purpose at

Battelle. Using a graphite shell may result in a slightly lower blank.

A similar split graphite shell tried at Battelle showed excessive heating,

apparently because the frequency (300 Kc) of the Lepel converter is mvoh

higher than that of an Ajax converter (30 Kc).

The apparatus at Carnegie Institute uses a water-cooled furnace

tube, whereas an air-cooled furnace tube is used at Battelle. This varia-

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

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

Battelle and Carnegie vacuum-fusion apparatus and techniques are compared

in their entirety, the difference in cooling the furnace tube appears to

be the only factor which might have significance,

The Results from Vacuum-Fusion Analysis. The analytical results

reported by Dr. G. Derge for the ten samples are listed in Table 29, to-

gether with the calculated oxygen contents. Rith reference to these analyses

Dr. Derge had the following comments:

SArrELLZ MEMORIAL INSTITUT9
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The copper oxid~ is made byoxidi.zing l/4'\ by 1/4" sQUclre$ or 
I 

dopper ga~ze by heating in air. 

The furnace tub~ is cleaned with actd each<i~~y. The crucible 

and graphite funnel are discarded. other graphite parts and poWder are 
- ; 

re-used without treatment. 

The Epeed of the, furnace pumps and the conductance of the connect-

ing tubing down to the melting crucible is comparable Or Werior to that 

of the Battelle vacuum-fusion outfit. 

Dr. Derge uses a split graphite containe~ for his graphite in-

sulating powder, whereas a beryl,Ua thimble is used for that purpose at 

Battelle. Using a graphite shell may result in a slightly lower blank. 

A similar split graphite shell tried at Battelle showed excessive heating, 

apparently because the i'requency (300 Kc) of the Lepel converter is mlloh 

higher tha,n that ·of an Ajax converter (30 Kc). 

The apparatus at Carnegie Institute 'lses a water-cooled furnace 

tube, V'mereas an air-cooled furnace tube is used at &ttelle. This varia-

tion between the eqUipment at the two labo:. atories may possibly mak~ a 

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

Battelle and Carnegie vacuum-fusion apparat'~s and techniques are compared 
" 

in their entirety, the difference in cool.ing the i'urnace tube appears to 

be the only factor which might have s:1..gnificanc.e • 

T119 R~sultsfr(:llll_V~Cuwn-F'u.sion AzlWsis. The analytical. results 

reported by Dr. G. Darge for the ten samples are listed in Table: 29, to­

gether with the calculated oxygancontents. 'With reference to these analyse~ 

Dr. Derge had the following comments1 
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"Samples were cut from the discs you submitted in

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

"Sample 1-1 was analyzed ...... . "le were aware of the
fact that our blank was unsatisfactory, but it seemed wisest
to proceed with the analysis ....... 'e do not believe this

r eresult has anything but qualitative value. A reasonable correc-
tion for the additional gas cnllected at the end of this
analysis would bring this result into agreemont with Sample
1-2, but we prefer to regard this as fortuitous. It will also
be observed that the original calculations for Sample 1-3 show
an unusually high nitrogen value, indicating that the copper
oxide catalyst was exhausted during this analysis. If the
nitrogen results from Samples 1-1 and 1-2 are averaged and
Sample 1-3 is recal-ulated on this basis, the agreement with
Samples 1-2 becomes satisfactory for oxygen. "Ve believe that
this is a legitimate correction of the data.

"Sample 6-2 was analyzed in the same crucible as Sample
6-1 by adding additional iron and tin and repeating the normal
analytical procedure, similarly for Samples 8-1 and 8-2. In
both cases, the second sample was considerably lower than the
first and this practice was discontinued at this point. All
other samples were analyzed in individual crucibles."

The analytical data are listed in Table 29 and graphically

represented by Figure 37- It will be noted that excellent checks were

obtained by duplicate analysis of thc same specimen. ?With the exception

of the sample containing 0.257 added oxygen, all the analytical results

are writhin ±0.05 per cent of the intended analysis, i~e., the added

oxygen plus the residual oxygen. The relationship of hardness to the

per cent added oxygen is much more precise than the relationship of

hardness to the oxygen content by analysis. This is shown by comparing

Figures 37 and 38.

'hile the accuracy of ±0.05 per cent oxygen leaves something to

be desired, it should be noted that the intended analysis of the "standard

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

between the intended analysis and analytical result obtained on'the sample

UATTiLL-E MEMORIAL INSTITUTt
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"Samples were cut from the discs you subrni tted in I 

pie-shaped segments 50 as to average effects of segregation 
as much as possible. 

"Sample 1-1 was analyzed ......... '·I[e were aware ('If the . 
fact that our blank 'was unsatisfactory, but it seemed vrise~t 
t" proceed with the analysis....... "ie do not believe this 
result has anything but qualitativ~ value. A reasonable c6rrec~ 
tion for the additional gas cnllected at the end of this ' 
analysis woUld bring. this result into agreement with Sample 

, 1-2, but we prefer to regard this as fortuitous. It will alSr) 
be observed that the original calculations for Sample 1-3 show 
an unusually high nitrngen vaiue, indicating that the copper 
oxide catalyst was exhausted during this analysis. If the 
nitrogen resUlts from Samples l~l and 1-2 are averaged and· 
Sample. 1-3 is recalo.u1ated on this basis, the agreement with 
Samples 1-2 becomes satisfactory for oxygen. '~e believe t.h;'l-t 
this is a legitimate correction of the data. 

"Sample 6-2 was analyzed in the same crucible as Sample 
6-1 by adding additional iron and tin and repeating the normal 
analytical procedure, ~im:ilarly for Samples 8-1 and 8-2. In 
bothl}ases, the second sample was considerably lower than the 
first and this practice was disc.ontinued· at this point. All 
other samples were analyzed in individual crucibles." 

The analytical data are listed in Table 29 and graphically 

represented by Figure 37. It will be noted that exceller..t checks were 

obtained by duplicate analysis of the s'1l'Ile specimen. l'!ith the exception 

of the sample containing 0.257 gdded oxygen, all the analytical re'sults 

are within :!:O.OS per cent of the intended analysis, Le., the added 

oxygen plus the residual oxygen. The relationship of ha~dness t~ the 

per cent added oxygen is much mere precise than the relationship ('It 

hardness to the oxygen content by analysis. This is shawn by COI)lparing 

FiglU'es 37 and 38. 

",hile the accuracy of ±o.OS per cent oXygen leaves something to 

be desired, i tshould be noted that the intended analySis of the tI standard' . 

samples may be less accu~'ate than anticipated. Likewis~, the disparity 

between the intended analys.±s and analyticd result obtained on'the s:J.mple 
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TABLE 29. RESULTS OF VAOUUM-FUSION ANALYSIS

Sample No.
Assigned
to the

Specimen
Battelle Per Cent Before ;Average

V Sample Oxygen Sending to Run Vacuum-Fusion Analysis, % !VHN of
No. Added Dr. Derge No. H , 0 N Sample

1 0.0121 0.0135 0.0007
1 None 2 2 0.0125 040142 0.0018 98

Avg. 0.0123 0.0139 0.0013

2 None 5 1 0.0131 0.041 0.0002 95

3 0.019 3 1 0.0130 0.088 0.0028 .107

4 0.0215 9 1 000088 0.083 o.0063 106

1 o.0106 0.042* 0.0033*
5 0.100 1 2 0.0102 0.O94 0.0041 166

3 0.0149 0,056** o.o45**
3 recalc. - 0.080 0.0037

Avg. 0.0126 0.087 0.0039

1 0.0136 0.124 0.0005
6 0.100 4 2 o.o128 o.146 0.0008 155

Avg. 0.0132 0,135 0.0006

1 0.0097 0.094 0.0023
7 0.257 7 2 0.0108 0.136 0.015 210

Avg. 0.0103 0.125 0.0087

1 O.OLO6 o.304 0.o14
8 0.243 10 2 0.0234 0.307 0.017 217

Avg. 0.0170 0.306 o.016

1 0.0146 0.562 0.0016
9 0.500 6 2 0.0127 0.5l3- -** 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- -** 0.0008 280

3 0.0159 0.518 0.0008
Avg. 0.0115 0.517 0.008

Unsatisfactory blank, poor value.
** See discussion.

** Result probably low. See text.
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TABLE: 29" REsULTS OF VACUUM-FUSION .AlI/ALYSIS 

.. ,_ .... 

Sample No. 
Assigned 
to the 

Specimen 

e Battelle Per Cent Before iAverage 
Sample Oxygen Sending to Run Vactium-li'u~ .iqn AnallsiB 2 % ;VHN of 

Noo Added Dr. Derge NQ. H ~ 0 .. ' N Sample 
" -_. -. , 

1 0.0121 0.0135 0.0007 
1. None 2 2 0.012,5 0.0142 0.0018 98 

Avg. 0.0123 0.0139 0.0013 

2 None 5 1 0.0131 0.041 0.0002 95 

3 0.019 3 1 0.0130 0.088 0.0028 -107 

4 0.02l5 9 1 0.0088 0.083 0.0063 106 

1 0.0106 0.042* 0.0033* 
.5 0.100 1 2 0.0102 0.094 0.0041 166 

3 0.0149 0 .. 056** 0.045** 
3 recalc. 0.080 0.0037 

Avg. 0.0126 0.087 0.0039 

1 0.0136 0.124 0.0005 
6 0.100 4 2 0.0128 0.146 0.0008 155 

Avg. 0.0132 0,,135 0.0006 

1 0.0097 0.094 0.0023 
7 0.257 7 2 0.0108 0.1)6 0.015 210 

Avg. 0.0103 0.125 0.0087 

1 0.0106 0.304 0.014 
8 0.243 10 2 0.0234 0.307 0.017 217 

J\vg. 0.0170 0 .. 306 0.016 

1 0.0146 0.562 0.0016 

-- 9 o Sao 6 2 0.0127 bS1Y':-** 0.0015 289 
Avg. 0.0137 0.538 0.0016 

1 0.0098 0.547 0,,0007 
10 0.510 8 2 0.0089 O.485'~ 0.0008 280 

3 0.0159 0.518 0.0008 
Avg. 0.Oll5 OS17 0.0008 

* Unsatisfaetory blank, poor value .. 

** Si:!e 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 work is required to produce greater accuracy

and reliability, 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 pre-

pared as 2-pound ingots to evaluate the fabrication characteristics 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.

The investigation of refractory materials for holding molten

titanium will be continued. Test crucibles of tantalum silicide, tungsten

silicide, and molybdenum silicide have been made by siliconizing machined

crucibles of each of the metals. Hot-molded crucibles of molybdenum carbide

and thorium oxide have been received from the Norton Company. A magnesium

oxide crucible has been prepared by pressing and sirtering fine powder.

Tests will be made in all of these crucibles.

i t Hot-molded crucibles of tantalum carbide, both TaC and Ta 2 C,

titanium nitride, zirconium nitride, and boron carbide are being prepared

by the Norton Company for evaluation. Titanium boride, tantalum boride,

zirconium boride, tungsten boride, and molybdenum boride powder have been

ordered. The Norton Company will attempt to prepare hot-molded crucibles

from these materials and from tungsten and molybdenum silicides now on hand.
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contaihing 0.257 per c::ent added oxygen remains Unexplained. It is con-

cluded that, even though further work is required to produce greater B.ccuracy 

and reliability, the techniques developed by Dr. Derge represent a. real 

contribution to the techno1.6gy of titanium. 

The evaluation of the more promising high-strength alloys will 

be continued. However, before select:ing an alloy composition that will be 

prepared in relatively large ingots, several selected alloys will be pre­

pared as 2-pound ingots to evaluate the fabricatioh characteristics of 

these alloys when prepared as intermediate sized ingots. 

Preparation and study of O.5-paund binary, ternary, and more 

complex alloys will be continued. 

The investigation of refractory materials for holding molten 

titanium will be continued. Test crucibles of tantalum siliCide, tungsten 

silicide, and molybdenum ·silicide have been made by'siliconiz1ng machined 

crucibles of each of the metals. Hot-molded crucibles of molybdenum carbide 

and thorium oxide have been received i'rom the Norton Company_ A magnesium 

oxide crucible has been prepared by pressing am sintering fine powder. 

Tests 'Will be made in all of these crucibles. 

Hot-lllOlded crucibles of tantalum carbide, both TaC and Ta2C, 

titanium nitride, zirconium nitride, and boron carbide are being prepared 

by the Norton Company for evaluation. Titanium boride, tantalum boride, 

zlrconium boride, tungsten boride, and molybdenum boride powder have been 

ordered. The Norton Company will attempt to prepare hot-molded crucibles 

fran these materials and from tungsten and molybdenum sUicides noVi on hand. 
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Quotations are being obtained from the Norton Company bn hot-

pressed crucibles made with a mixture of carbides such as 75 per cent

silicon carbide-25 per cent boron carbide, and 75 per cent silicon carbide-

25 per cent zirconium carbide, and on hot-pressed crucibles of titanium

boride, zirconium boride, chromium boride, and boron nitride. The present

4 attempt to locate a supplier of refractory materials such as titanium,

zirconium, 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, compounds such as thorium zirconate,

calcium thorate, and zirconium pyrophosphate, and other double oxides or

j combinations such as TiO-CaO, ThO2-ZrO2, TiO2-ZrO2, ThO2-CaO, and ZrO2-CaO,

will again be considered. Dense crucibles of these materials will be ob-

tained and tested.

Parts of the "standard" titanium oxygen samples sent to Dr. Derge

were returned. These will be sent to Mr. Chapin, at the Naval Research

Laboratory, where they -wll be subject to redetermination of the aargen

content. This work will be done gratisb

The data from vich this report was prepared are
recorded in the following B.M.I. Notebooks:

Th. 3912, PP- 14 to 30, inclusive;

No. 4112, pp. 91-98, inclusive-
No. 4728, pp. 6 to 54, inclusive;
No. 733, pp. 53 to 95, inclusive;
No. 4461, pp. 18 to 22; .32 to 34; 39 to 60;

63 to 84; and 9O to 100.

November 7, 1.949
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