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GENERAL
Columbiun {also known a6 Niabium) is an exiremely high
meldng moderately dense ductile megml, which degpite its
high meiting point bs (00 soft for sructural use &t temperE ©
omes above 1200 F. The mewm! abegrbs large quantities af
when exposed to at modermtely high
temF ea. C has a low thermal -newgron-cap-
wre croas secticn and ls readily fabricated which makes
the taetal attractive for nuclear applicarions, 4, p-3.

hO Commerelsl Designation.  Columblum, cammerclally pare.

1.02 Alternate Designation Niobinm.

1.03 Specifications. None

1.04 Campositica, Typical compoattions, Table 1.04.

JAEHE_LL
| DMIC (4. D, 1 DMIC n.2l
. Flectran beam Powder Electran
Process refined metsllurgy bambardmen
Percent Percest _ Percemt

Almsiman 0.002 < 0.002

Boron < 0, 000%

Carbon < 0.003 0.005 ¢ 0.000

Chromimn < 0.002

Copper < 0.004 0.003 0.007

[ron < 0,010 0.003 < 0.00

Lesd 0.004

Ma gnesioan < 0.001 < 0.002

Minnguncse 0.001 < 0.002

Molybdeman 0.01 0.004

Macke 0. 006 < 0.002

Siiican < 0.010 0.01 < 0.01

Tastalom 0.039 0.096

Tin < 0.002

Tramimn < 0,015 0.002 < D.01S

‘Tongmen < Q, < 0.03

Varsdinn < 0,002

Zinc < 0,002

Zircarimn 0.01-0.6 < 0.05

|Oxyges 0.0062 6.05 0.0131

MNitrogen 0. 0044 0.01 0.0103

Hydrogen 0.0001

Others < 0.002

I Balgnce Ba

1.05 Heat Treatmem

1.051 Vacuum or special atmosphere 18 required 1o avold oxida-
uem, (10, p-109).

1.052 Far powder metallurgy -columbium,anneal at 2012 F for
1 br. Full recrygmllization varies with amounts of cold
warking, 50 percem cold workisg requires 2282 P for 1 hr
and §7.3 percem cold worklng requires 2066 F lor 1 hr,
(6, p.-12-

1.053 Far elecaron-beam -refined colunblum annea) at 1832 P,
(6, p.3)

1.06 Hardenabiliry

1.061 The mrength of columbium depends 10 sOME eXIem Upm
straln induced by mechanical pr tng, (3.
p- 151

1.062 Work bardening of cold reiled columbium. Pig. 1.062.

1.063 Effect of oxygen contens oo hardness of colymbium, Fig.
1.063,

1.07 Porme and Candidons Avallable

1.C7T1 Colwpbium le supplied a8 powder, granulea or wr ought
farms. Sheet, sxip, foil, wixe and xods are produced by
powder metallurgy or fusion procesaea fallowed by cold-
working. (6, P-5)

1.08 Mclting and Casting Practice

Columbitmm is obtained by vaculon consumable electrode
arc melting and eloctram-heam meliing o vacwm, or by

NONFERROUS ALLIYS

powder -metsliurgical processes. ¥ ia melted under vacumCh, COMM PURE

and under inert gas, (6, P 1

2. PHYSICAL AND CHEMICAL PROPERTIES

2.61 Thermal Properties

2.011 Meltiog pains. #4474 F, (4, p.8). 4380F, ).

2.012 Phase chacges, Nome.

2.013 Thermal conductviry, Fig- 2.013.

2.014 Toheroul expunsion, Fig. 2.014-

2.015 Specific hest, Fig. 2.015.

2,02 Other Physical Propertics

2,021 Densgity. 0.313 Ib per cu in. 8.66 gr per cu am, (9).

20212 Hectrical resisuvity, Pig. 2.022

2.023 Spoctrul emisstvity, Pig. 2.023.

2.03 Chemical Properties

2.0 Corrosian resleance. The mexal is unattacked by most of
the organic and mineral sckin at ardinary temperatures g
showa leas resigrance to the slkalica. Hydrafluoric acsd
and & mimure of hydroQucric and piiric acide dissaive the
metal. Above 212 P the restmance of colymbium 10 anack
by acids Lg reduced. It han a good corrosion reailsance to
pural, marine snd lodustrial aunosphercs. Columbiuzn 18
generally inferior to tamalun in carrosion resisance, (10,
p. 109).

2,032 Oxidution redlmance. Al low lemperauree axidation pro-
ceede at a low linesr rate apd 0o scale 18 formed, It fmms
a visibie tarnizh near 752 F and microecopic blisters be-
tween 752 to 932 F. Above 1291 F the rate of axidatiom in=
creanes quite rapidly with temperature. Nitrogen in air doed
pot spparently modity the axsdation procesa, (8, p.1)-

2.0321  Oxidacion rates io air st various tonpersneres, Flg. 1.0321.

2.04 Muclesy Properties

2.041 Absarptios cross secton, 1.1 20.1, (4, p.10).

2,042 Caprure croas sectlon, 1.0 2 0.5, (& p.10).

3. MECHANICAL PROPERTIES

3.01  Spectfied Mechanical Properties.

3.02 Mechanical Propertien at Room Tempersivrs

3.021 Typical mecpanical properties for gheet and extrusions,
Tatie 3.021.

TABLE 3.021
o= 19} [___(6p%
1 Caolwnbium, comm. pure
Sheet Tubgs
Porward extrusion

ICondition A l cw at 800 P
[Thickness - 1o 1/8
Frp TFPkat 45-55 | B0-100 o644
Ftr typ-ksi 62.2
k(1 tn), cyp-percent 15-40 | 5-15 9 (2 in}

3.022 BfHiect of annealing temperatute and cold working oo the
£o0m temperature tenale properties of pomier-mezalhuargy
Columbium, Fig. 3.022.

3,023 Effect of annealing temperature and cold working an the
ToOm temperature tensue propertice af arc-cast Columbium,
Pig- 3.023.

3,024 Effecx of axygen ent ao Toom P ure tle prop-
erties of Columbiure, Fig. 3.024.

3.03 Mechanical Pr es at Various Tem )

3.031 Shart time tension properties

3.0311  Effect of Low tent lemperature and oxygen conlent o ten~
glle properties of suncaled Cotumbium, Fig. 3.0311.

3.6312  Effext of et temperanae @ tenslle strength of Columbium,
Fig. 3.0312.

3.0313  Effect of moderate Lot temperatures of tensile propenics

of Columbium, Fig. 3.0313.
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GCb. COMM PURE 3.0314 Effect of moderate tegt temperatures aa tensile strength af 200 -
cold rolled Caumbium, Fig. 3.0314. Cb, COMM FURE
3.0315 Stress swain curves in tension at room and low tempera- o
rures for wrought stress relieved and recrystallized bar, <
Fig. 3.0315. 2 160
3,033 Shart time properties otker than tenalon
3.0321  Effect of test temperature oo Lmpact properties of annealed é
Cotumbium, Fig. 3.0321. &
3.033 Swuitic slrese concentration effecta 120
3.0331 Effect of low test temperature oo tensile strength of smooth E / |
and notched recrysallized wrought bar, Fig. 3.0331. E l/ i
3.0332 Effect of low st temperanure oo tensile gtrength of emooth 8 | ® ARC-CAST
and nowched strean relleved wrought bar, Fig. 3.0332. - A H)W'DFR WTM.I.LURGY
3.04 Creep and Creep R ¢ Pri 1) 0 0 40 &0 LY 100
3.041 Total strain curves for Columbium at 750 and 930 F, Fig. REDUCTION IN THICKNESS - PERCENT
3.042. FIG. 1.062 WORK HARDENING OF COLD ROLLED
3.042 Creep rupnme curves at 1600 to 2200 F for Columbium, Plg. COLUMBIUM a1, p.46)
3.042, . P
3.05 Fal (1]

.06 Blastic Fr.
3.061 Modutus of elasticiry at various temperatures, Flg, 3.061.
3. 062 Modulus of rigidtry st Toom temperatare. 5. 44 X 106931,,

(4 p-24).
4. FABRICATION +00
Cb, COMM PURE
4.01 Forming aod Casting /
4.011 Generat, All {forming operations must be performed cold.
Columbium can be drawn, stamped and formed intd compli= o
cated shapes. $0 pexcent reduction can be made in one 1 320
operadon due to the slow rate of work-hardening, (10, p. g
109).
+.012 G um is more r to tearing and slitting in deep a X
drawing opersticas thap moet metals, (10, p.109). B 240
4.013  Aznealed Exip can be cold rolied to 0.0002 in. Xerosene or a
palm ¢il is used ae & lubricant when rolled below 0.010 in, 3
6, p.3). £ 160
8 d
4.02  Machiplng ,
The metsl can be machined with toola similar to those used
for machining steel. Carbon tetrachioride as a cutting Buid 0
reduces the tendency of the metal to tear ox gall, (10, pJ09). 0 o1 0.2 0.3 o4 0.5 0.6
4.03 We]d!gg OXYGEN CONTENT, PERCENT BY WEIGHT
+.031 General. Columblum can be welded to itself and some other FIG. 1.063 EFFPECT OF OXYGEN CONTENT ON HARDNESS OF
metals by some of the commen techniques, (10, p. 105). COLUMBIUM
4.032 Resistacce welding. Methads simLar 10 those used for tanta~ (t2, p.377)
tum, {10,
4,033 Arc welding. Usully pers d witb a Tung arc In an
tneTt gas aunosphere, (6, p.3).
4.034  Gas welding, Notr ded, (10}
4.035 Ulrasoanic welding. Sheet matertal up 1o 0,030 o can be
welded by this methad, (6, p.5).
4.036 Capper brazing 1a possible, {6, p.5).
4.04 Heating and Heat Treating
4.05 Surface Treating |
£ ¥ COMR4 PURE
g
Ea
E //_-
E » — THERMAL CONDUCTIVITY
2
0 400 200 1200 1500 2000
TEMP - F
FIG, 2013 THERMAL CONDUCTIVITY

(4, p.11}

————
i cobe 5201

i PAGE 2




Cb

REVISED: MARCH 1963 NONFERROUS ALLOYS
6 T 20 Cb, COMM PURE
o, COMM PURE Ch, COMM FURE |
|
[+ 9 "
E 20].;]" laSZ:mst
&
Z° [MEAN COEP LINEAR z! 7
= |THERMAL EXPANSION @
E =" @ / .
P e E:z A
© FROM RT TO TEMP it 1472
| l INDICATED <
3 25 /
[+] 400 800 1200 1600 2000 3
TEMP - F = 1292 F
PIG. 2.014 THERMAL EXPANSION 4, p.11) % .
E3
‘/ 112 F
0
0 \ 2 3 ‘
0.09 [, condt ARE TIME - HR

FIG. 2.032) OXIDATION RATES IN AIR AT
VARIOUS TEMPERATURES

5 o8 // (8. p.24)
% BPBCIFIC HEAT L
E 0.cr /
. /
/
.06
) 00 00 1200 1600 2000 2400
TEMP - F
FEG. 2015 SPECIFIC HRAT

{4, p.12)

16 o3, COMI PURE
P / cb, coma PR | |0
12 — POWDER METALLURGY
' o | Fry ! ROLLED
g / P———d___ {+ANN, 1HR 0
T ——
B // — ' ] 2
g / ELECTRICAL RESISTIVITY N ‘5
E—
80— - 60 &
+
0 200 400 &0 800 1006
TRMP - F Pt )
FIG. 2.022 BLECTRICAL RESISTIVITY 2 ta . | "\
(4, p.13) . "‘—‘-—--.__~
F.
o b \-.A\ Q
) 90%. 3
0.8 v € 30% g 4
= — b REDUCTION IN THICKNESS
i, w0} & 205, .
E A= 6500 A L7
0.6 I, £ 20 o
% \ E e {2 N} V
2 R
o4 I - A S AA AL AT,
0 400 $00 1200 1660 2000
ANNEAL -
2400 2800 3200 3600 4000 o T !
. PIG. 3.022 EFPECT OF ANNEALING TEMPERATURE AND COLD
TEMP WORKING ON THE ROOM TEMPERATURE TENSILE
PIG. 2,023 SPECTRAL EMISSIVITY () PROPERTIES OF POWDER METALLURGY COLUMBIUM
(11, p. 49, 50}
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FIG. 1.024 EPFECT OF QXYGEN CONTENT ON ROCM

TEMFERATURE TENSILE PROPERTIES OF

COLUMBIUM
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1% p.77)
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FIG. 3.0314 EFFECT OF MODERATE TEST TEMPERATURES ON
TENSILE STRENGTH OF COLD ROLLED COLUMBIUM

(4, p.30)
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FIG. 3.061 MODULUS OF ELASTICITY AT VARIOUS
TEMPERATURES
{4, p.24)
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