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DETERMINATION OF HYDROGEN, OXYGEN AND NITROGEN
IN MOLYBDENUM, NIOBIUM, TANTALUM AND TUNGSTEN

by

G. Smelsky* and N. S. Spence

SUMMARY OF RESULTS

The work described in this report was part of
an inter-laboratory investigation of gas analysis tech-
niques organized by the Structures and Materials
Panel of the Advisory Group for Aeronautical Research
and Development (AGARD), which is a branch of NATO.

Samples of molybdenum, niobium, tantalum and
tungsten from different sources and in a variety of .
forms, were analysed for hydrogen, nitrogen and oxygen
using two vacuum fusion units. Besides the analytical
results, details are given of equipment and procedures,
It has been found that analysis of certain samples by
conventional methods may give different results depend-
ing upon the gas extraction technique employed.

% Technician and ** Section Head, Nuclear Metallurgy Section,
Physical Metallurgy Division, Mines Branch, Department of
Mines and Technical Surveys, Ottawa, Canada.
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INTRODUC TION

The vacuum fusion and sub-fusion methods of gas analysis
have been widely applied to gas-metal studies and are well document-~

(1-9)

ed in the literature

The principles of the methods are simple. In vacuum
fusion the sample is melted in a graphite crucible, and at high
temperatures the metal oxides and nitrides decompose in the
presence of carbon forming carbon monoxide and ni£rogen. At
the same time as the reaction with carbon is taking place, thé
hydrogen, oxygen and nitrogen in solution in the metal are evolved,
Various liquid-metal baths are used to achieve intimate contact
with the carbon as well as to assist with the decomposition of the

sample,

The sub-fusion method, otherwise known as the hot
extraction method, may be employed with or without a graphite
crucible but for analysis of most refractory metals the techniques
and apparatus require. are basically similar to that of vacuum
fusion. By employment of suitable reaction conditions and high
vacuum for rapid reméval and transfer of gas, both methods per-

mit quantitative determination of the gases contained in a sample.




VI’-I'ycvlrogven, oxygen and nitrogen ce.;.ri bel"determined 1n
. 'niébiﬁ@,' vn%élyb?ienhin, taﬁtalqm énd.tungsten by different -ga'sv-"
extraction teqﬁﬁidﬁés . _Hyd'r.o‘gen, sin’cé it is ‘rea.dilly' diffugible, |
' ’ca'ﬁ be extr’aqfed a"t»_sub-‘-fus ion témpefatures . O‘xygen. %-r;ay bé
- .é;ﬁfrac£edlfr§fn géme refractory _rnetals by heating uﬁdér vacuum
'iin_ fﬁe tpréééln'_ce of ca.rbon to elev‘atéd, bﬁt slub—f..'usio.n‘,‘ vl;,ern"pveré,}
- tures. H.owever, “compl_etg extracfioﬁ of oxygen.é.nd ﬁitro'gen'
- genéraily ,requifés fus’ion of thg sample and suitable .re‘acti'on_ A

conditions.

The Va:c.l:iurh- fusion units describ‘ed 1n fﬁis“'repo'i'f have
' been ip use v_ft.)'_r'a'n‘umﬁgl; of years fdf the _défer_rniﬁatidn of 'gaseé‘
- i.n.-a. wide f;nge vovf ﬁiétais and'al-lcl)ys“.' Of the fnétéls _.nit.)bi.i;fri, |
3 r;i.oly‘pdenuni:, V,t‘aLn’tyaluné gz;d 'tar{gstép," only niohium and t;ﬁéaluﬁ;
"ha'd’be'énv ahél&éed' pzl'ev'iougl;);.- ;.'I_“he ahé.'lylticA:al‘ techmques that we re -
'd;vel‘.o’pe}d Ac’oiuld' nét be ‘ver:if"ied bécaus‘e cdméarafive Ié.nal.l.ys._‘i_s‘i

figures were not available for the material ahalySed.

The work 'deécArib_‘etii 1n this ‘report was pért. (sf a t‘e‘si.: |
pfogr’é.rh 6rganiz'éd.byfAQARDA(q(ndey'the auspices o‘fANA."I‘:O) for o
thg"purp?’)s‘e"o‘_lf evélﬁ#i:hé ‘m.et.:ho.dé ofvacuurn Vfus_‘io’n g’é.é analysm of
niobiﬁfﬁ, Hrhol}‘_’rbd.é"nuffil, : ‘éa;;xtalurn ?z;tnd tu‘ng'stén i:hrtz)‘ujgh ana'-llyvs_i;';g'

' :éela_.lt.’nples;‘.of :thes}é rnetals préviéed By _s;oﬁrc::e‘s ir;"ﬁelgiﬁm? F;ralii;:é, '

" the United Kingdom and the United States of America. -




The time limit set for completion of the test program
made it impracticable to investigate new analytical methods and

the work was perforce confined to current procedures.

DESCRIPTION OF SAMPLES

Details of the samples submitted by the different

countries participating in the programme are given in Table 1.

TABLE 1

Details of Samples Submitted for Gas Analysis

Identification Form of Sample

France, molybdenum 2 rod, 10 mm dia x 125 mm
United Kingdom, molybdenum 2
United States, molybdenum MZ2C

rod, 0.6 mm dia x 30 mm
rod, 16 mm dia x 5 mm

Belgium, niobium 9N

France, niobium 4 _
United Kingdom, niobium 2
United States, niobium M23B
United States, niobium MSG
United States, niobium P4G

Belgium, tantalum 2
France, tantalum 2

United Kingdom, tautalum 2
United States, tantalum M3A
United States, tantalum M3B

France, tungsten 2

United Kingdom, tungsten 2
United States, tungsten M2D
United States, tungsten M3H

rod, 56 mm dia x 8 mm

14 mm x 14 mm x 32 mm

rod, 0.6 mm dia x 36 mm

4,5 mm x 9 mm x 85 mm

rod, 37 mm dia x 19 mm

small pellets approximately
0.2-1.0 mm dia

rod, 40 mm dia x 10 mm

8 mm x 8 mm x 76 mm
rod, 0.6 mm dia x 19 mm
0.5 mm x 70 mm x 212 mm
3.5 nm x 8 mm x 137 mm

rod, 10 mm dia x 64 mm
rod, 0.6 mm dia x 165 mm
I3 mm x 14 mm x 35 mm
rod, 8 mm dia x 120 mm




- SAMPLING

Z["xl'x'the,'.‘dv.etermi.na’tieg "of. gas _co'ryx.ten"‘c-of: fﬁetels befh the
,_initial lsa_r-‘n.plﬂin_g prdcedufe as well ‘es the._fiﬁayl." sarril.)_le‘.‘f)i-epa:r’ati,en -
ifﬁmedie‘tely béfbré analysis play irhportent roles in obtaipix‘i"gj :
g : ,__:a"ceu'rate I‘evSL:ﬂ.t.,'S. . In the ’pres.ent work 1t we,s i_iec e_'s.vsa';.ri'.l.}"a;s“s'umed
:,:the.fc'v_"che se.mpl:ee suppliedwere trnullir‘ repres entatwe -Qf the_pereht
- fﬁeteriai_,': The s'arr:lple;plrepa'ré,'tiep:i preeedure' a.pl‘)lv'ie'ci‘_t’c:):the:pi_obium,
. molybdenum and ’icant.alurri'me_tells was to .C.u’.c a.n"allyyzti_.cal e)amp‘les by
’4._"._‘rri’eans "o‘fla_hend eaW: ‘Tile specimeﬁS'-Were then _a_‘b’rec.lec‘l:witﬁ.a file
' .fa._v‘nd‘ .zl-Ai’riaed in 'p'uré‘ b'enzen'e and flioifoughly d".ri'_'edi.. The t--lé'::;g.sten
gampleg .we.rle.ﬁrefered by. b_ree'king the "r'ﬁat‘er”iali to size ‘i‘n é._iv._iee
‘: and s.elec’.c.in:g'the requn-ed errioeﬁt'fli-em ti'ievf'_r'eeh cleanmner ‘
‘:i_ma..te.ifial:_.i'.”:.BlehizeneA_‘%.i-n,singA‘wajs avpided‘lsihee’,’che_';qez_';eil;‘por'chs
nature of .‘.tlili.si r;)‘a’teria.l_'mig‘h‘t"lead to absorptlon and r‘eteetipn of the
 ; s elv.e:nt. aﬁd 1n eny case, thé‘ freshly bre}‘ten“sui-f_a;fees”wefe ux_icoﬁ-—-
_:tami:ﬁe.te'c’l.,by-_' handhng or "manip'ulatien. All eamp_ie{e were'.pfepared
immedlately befo:‘r.e 'e,»na:lyvs.i's 'aﬁ,d were placedln the e,p.I:)aratus:wit}}’

b the minirﬁu‘m'ef' delay.
 OUTLINE OF GAS EXTRACTION TECHNIQUES

= .V,acﬁufﬁ'_fusion end -sdb—fu_si_on (hotextra’c,ﬁén) 'methélds_ o
~of gas analysis were -used throughegt the investigation but various

L techniques we.re ‘employed and these are listed in Table 2,




Method

TABLE 2

Gas Extraction Techniques

Temperature

Application

A Hot Extraction

B Platinum bath

C Iron bath

D Iron-tin bath

E. Tin flux

1850-2050°C
(3360-3420°F)
1900°C (3450 °F)

1650°C (3000 °F)

1650°C (3000 °F)

To establish the base level
gas content, recoverable by
simple extraction.

To obtain comparative
figures at high fusion
temperatures.

To determine the effective-
ness of iron as a fusion
medium.

To de_termine‘the effect of
tin addition with respect to
gas recovery.

Tin added with sample. Used in conjunction
with any of the methods A, B, C or D.

The niobium, molybdenum, tantalum and tungsten

samples were, in general, analysed in analytical runs independent-

ly set up for each metal,

Out-gassing and pre-analytical preparations were

carried out in the usual manner and satisfactorily low blank values

were achieved before and during the analyses. Actual analysis of

the gases extracted from a sample was carried out by conventional

methods, the reliability of which had been well-established in

earlier work.



RESULTS

;I“hv'e_ rés»ullts of the gaé ”analyise's are given inTablés 3
to 5. Thé 'gé.s _e-x,tra,c;tiori‘methods uéed 1n the ‘>arv1a.lysis. éf ea;:h -
sample are. ind:';qé.téd in ;ﬂe' "Method'" column by capital lettgrs
| whic‘.h'corr_elasi)ohd ~tq' the left.:ex;‘s listed in-_Table 2., 'fhe Valﬁes
obiééined' 'frorr.l-thvev 'variou.s éxtraction methvods .agre’ed as re-’
| gard; oi'de'r_ bfﬁmg;ﬁmdé eXééi::t for_'thrée oxygen det.efmi;;a-

, 'tidns Which.aire indicated by ';he sm‘alll' letféré in ,the';vO"z |

. Coﬁfent” columnj of Tablle.'4; these_vtnhré'ev ‘dete'r'minfat.ions.va.'fe"
révigwed under "V’Disc‘u.slsi(')n of Re.sults".' Thé?éa.xl“npleis"a.re
. »idex.'.ﬁ.:if-ied_i}nvth/evltableé as BEL (Béigi_um), FR (France),;_.UI‘(f

‘(Unite"c'l Kingdohi)" or US (Uﬁited States of America). - ‘




TABLE 3

Results of Hydrogen Analyses of Molybdenum, Niobium, Tantalum
and Tungsten

Sample Hy Content Standard Number of Method
Identification Average (wt %) Deviation Analyses (see Table 2)
FR Mo ?2 0.00079 0.00036 12 A,B,C,DE
UK Mo 2 ©0.00009 0.000035 18 A,B,C,DE
Us Mo M2C 0.00011 0.00005 10 A,B,C,DE
BEL Nb 9N 0.00008 0.00005 14 B
FR Nb 4 0.00009 0.00006 6 B
UK Nb 2 0.00041 0.00006 11 A,B
Us Nb M3B 0.00011 0.00004 ) 6 A,B
Us Nb MSG 0.00020 0.00006 7 B
Us Nb P4G 0.0049 0.0003 5 AE,BE
BEIL Ta 2 0.00004 0.00003 7. A,B,DE
FR Ta 2. 0.00004 0.00004 17 A,B,DE
UK Ta 2 0.00012 0.00003 15 A,B,AE.DE
Us Ta M3A 0.00005 0.00001 6 A,B,DE
Us Ta M3B 0.00002 0.000015 11 A,B,AE,DE
FR W2 0.00006 0.00002 5 A,B
UK w2 0.00008 0.00003 1 A,B,DE
us W M2D 0.00015 0.00004 7 A,B,DE
Uus W M3H 0.00007 0.00002 5 A,R,DE




TAB LE 4

- Results of Oxygen Analyses ‘of Molybdenurn, N1ob1um, Tantalum
' and Tungsten

Sample

- Ident1f1cat1on

; Oz Content
Average (wt %) -

;Standard. Number'of

PDeviation

*. Method.

FT{‘
UK

- BEL

- FR
UK

uUs
s
- US|
BEL
- ¥R
UK

Us ;

- us

- FRe
. uUs
Us. .

‘Mo 2
Mo 2.

M_oi M2C

Nb 9N .

‘Nb 4

Nb 2

' Nb M3B
Nb MSG ~
Nb P4G .

Ta 2
-~ Ta 2 -

Ta 2

" Ta M3A: -
Ta M3B :

W Z?n

W2 .
" WM2D
W M3H

-_o 0035(a)

0.0024 (b)-

~.0.0007

0.0012

0.0062 "
©.0.0019 -
20,017,

- -0:035

0,012

.7 0.00066
.770.0022 (c)
©0.00065 -

£ 0.0095
‘fo 0037

»:{;o 00059'-

. 0.0012 .
-~ 0.,00083
~0.00050

. 0.0015
10.0012
0.00015

10,0003 -
0.0010 -

0.00042

0. 0046 - -

= 0y 0024

. 0.0018

-+ 0,0003
0.0018

 0:00066

10.00027
10.00020

--o.oooél'vr-
0.0014

1 0.00012

13

15,

ot oo U1

Analyses (see Table 2)




TABLE 5

Results of Nitrogen Analyses of Molybdenum, Niobium, Tantalum
and Tungsten

Sample N, Content Standard Number of Method
Identification Average (wt %) Deviation Analyses (see Table 2)
FR Mo 2 0.00089 0.00057 8 B,C,DE
UK Mo 2 0.00079 0.00027 16 A,B,C,DE
Us Mo M2C 0.00033 0.00019 8 B,C,D
BEL Nb 9N 0.0031 0.00063 12 B
FR Nb 4 0.0037 0.0014 9 B
UK 'Nb 2 0.0032 0.0009 9 B
us Nb M3B 0.0156 0.0021 7 B
us Nb MSG 0.00079 0.00016 6 B
us Nb P4G 0.00044 0.00023 4 AE,BE
BEIL Ta 2 0.00025 0.00011 5. B, DE
FR Ta 2 0.0055 0.0029 - 15 B, DE
UK Ta 2 0.0023 0.00064 8 B .
uUs Ta M3A 0.00070 0.00043 8 A,B,DE
us Ta M3B 0.0010 0.00019 5 B,DE
FR W 2 0.00005 0.000009 4 A,B
UK W 2 0.00015 0.000083 7 A,B
us W M2D 0.00014 0.000045 5 A,B,DE
uUs W M3H 0.00015 0.000055 5 A,B,DE

Hydrcgen Analyses

DISCUSSION OF RESULTS

Good agreement was obtained between the hydrogen

analyses irrespective of the extraction method employed,
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" Oxygen Analyses

" the technlques 'emﬁloved :vve_'rﬁe as follows |

- ', (a). - ,"FR Mo 2 Average of followmg l3: deterrn1nat1ons

. The cthisteucyof the oxvgen "r,esults v/as fouhd'to va'ry

’ rgw1th the mater1al, purlty of sample and gas extractlon techmque kR
L employed The average values 1nd1cated by the letters (a), (b),
c a.nd (c) in Table 4 were obta:med from 1nd1v1dual results which

:s'hovved more scatter than usual, and the_separat_e avera‘ges fo_r

" 3 hot,e’xtractmn_\i‘:__} 5,’:'av¢rg l 0. 0016 wt % o ;'

2 plal;inufn'liathlf - _avera:‘geO 0&0 wt.%v:

3 iron 'bat'h . vf} - ,ave.ra'g'é" 0"3()__5{#.1;" % Ln

5 1ron ~tin bath (samples enClo‘;ed in. tm cup) L
av'erage 0 0050 wt %. e

~.(b) UK Mo 2 Average of following 15 detérminations:

6 hot extraction = .ave.fa-ge,o.,()ﬁo lé”m '7‘0" :
A3.'.platinu1.'n'.bat:1rl-, A—' average 0 0043 wt % :
3 iroo. bath‘ - average 0 00 19 wt % -. E |
3 11on -tin bath (samples enclosed 1r1 tln cup)
o average 0 0038 wt % p
_ v('ol;)'_ '}}‘*f{ T; z"Ayéra‘g;'ef followmg 1'7 determ1nat1ons
: Zhot éxtra’éflonf:f - average 0. 00 l7 wt % |
ib"fjfiat"inm}r;i bath ~ average 0. oo 18 wt %

: 5 1ron t1n bath (samples enclosed in tin cup)
E average 0.0039 wt %.
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The relationship between oxygen recovery and extraction
technique for molybdenum, tantalum and tungsten is illustrated by
the bar gr.aphs plotted in Figures 1, 2 and 3, respectively. The!
results are arbitrarily arranged in order of increasing oxygen
content as determined by the hot extraction method. It will be
noted that the hot extraction technique generally shows lower
oxygen recovery than the fusion methods, especially at the higher

oxygen contents.,

Evaluation of different extraction techniques for oxygen
in niobium was not carried out because gas-metal studies done
elsewhere(10) indicated that oxygen was reaaily recovered by .
conventional hot extraction procedures. Earlier work in this
laboratory .with niobium verified that excellent agreement could
be obtained between hot extraction and platinum bath extraction
techniques and for this reason it was unnecessary to carry out

extensive comparative tests for oxygen analysis of niobium.
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Nitrogen‘Analyses

Nitrogen is more difficult to determine than hydrogen

or oxygen since complete nitrogen recovery appears to require

highly mobile and reactive bath conditions which are difficult to

maintain by conventional means, and up to this time these>problems

have not been solved.

The nitrogen results obtained in the present series of

analyses generally tend to be erratic and cannot be considered

satisfactory, but they are presented for evaluation.

1.
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APPENDIX I

GAS EXTRACTION TECHNIQUES

In the initial development work, a series of analyses
was carried out using different sample weights (approximately
200, 800 and 1000 mg) to determine the completeness of gas

extraction.

The final analytical procedures used were those which
gave réﬁroducible results from samples of different sizes as’
determined in two vacuum fusion umits, émplf)ying differenf
cruciblie arrangements. Although reproducible results have been
obtained in two different units using the procedures desc'a.:-ibed, it
should be recognized that this work was carried out with_;out the
use of a reference standard and time did not allow thorough in-

vestigation of all available techniques on each sample.

Hot Extraction

The hot extraction method has been suggested as a

routine analytical method for determination of hydrogen and oxygen



218 -

in rnolybdenum, 'tantalurn' and tUn’gsten(l). Hot extrachi.onAprOVides
" ..the most stra1ghtforward method of gas extract1on and 1s the least

B o dlfflcult to apply-. ~The advantages of the method relatwe to others

: l-empl'gymg metal baths ar.e- that .pr‘e-an_alys1s preparatlon_ ‘1s" a’

o m1n1mum, '.analy’s:es-are"rapld,' c¢rucibles may l)e. re-;gs ed, .bl—an.ks‘
‘; -‘are_‘s"fifnalland conslstent;’:_and.tjnereiis 1e'ss. likellho'od that the
preéenoe of preylonsly analysed “sam_p_le's' in tlie Crdoilal_e w1ll :

inté rfere with extraction:

) } In hot extractlon, «'gase"s arev.'extracted‘by di‘l'fusion" pro-
‘c.e:_s's_e.s pecul1artothe sample, and controlled rnaln,ly by its _oozn- ;,
" .nosltionfand'siv;e; Although ééqdﬁ agreementm 'r’ésjult;f"inéy'b? -
" obtained between fusion extraction and hot extraction at low gas,
* contents there maybe d1screpanC1esas1llustrated iix the. graphs i

inTFigures 1, 2and 3, on pages 12, 13'and 14,

Procedure.-

Samples 'of 0.2 to l 5 g were dropped 1nto a well degassed
-' :. }"‘cru01ble’held at 1850 2050 °C (3360 3720 °F) Gas evolutlon be-. B

: '_gan 1mmed1ately and cont1nued for 10 to 20 rnmutes . ‘Dde .to the L
speed- at \yhioh__' gas"\"iv'a”s .rem'ov;e.d frofn' the__region of the crucible, '.t

R gas 'ev_ollit_ion could not _be mon1tored ef_feyjﬁ:_tiyely'with a Pirani

'(1) 3. E. Fagel R, 7. W1tbeck and H A Smlth "'D'etermina-
' ‘tion of Oxygen,_ Hydrogen and N1trogen in Refractory Metals" &
Analyt1cal Chem1stry, 3l(6), 1115~ 1116 (June 1959).
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gauge positioned near the furnace. Completeness of extraction
was determined indirectly by measurement of the total gas collect-
ed during extraction, and when the increase of pressure per unit
time was equal to the blank value it was assumed that extraction
was complete. Althouglﬁ longer extraction times were anticipated
for molybdenurfl, tantalul,m and tungsten, no further significant
evolution of gas was noted aft;er 15 minutes and an extraction time
of 20 minutes was considered sufficient for accurate analysis.
Generally no significant difference in results was noted when
extraction was carried out at 1850°, 1956", or 2050°C (3360°,
3540°, 3720°F) but, on one occasion during a seriéé of molybde-
num ana;lyses, higher gas recovery was obtained with samplés in
direct contact with the crucible in contrast to samples Hot in
direct contact with the crucible. In hot ext‘rac;f;ion analysis of
molybdenum it was obser;\red that a film was deposited on the

furnace walls.

Platinum Bath

The platinum bath method has been used in the analysis

of beryllium, iron, molybdenum, niobium, plutonium, tantalum,
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:’thormm, t1tan1um, uranlum, tungsten and z1rcon1um(2 3 4)

The advantagee ‘of the pla.tmum ba.th are-that platmum
has a low vapeur pressure and remams qu1te f1u1d under normal:
operating procedures’s‘s'o:tha.t it-"fsr'o-v‘tdes}‘an'exce‘llent me_dium for -

. investigating high temperature fus io‘n. techniquee . | Unfortun'a,teiy ;o )
the ‘sojl‘ubilitﬁr ef carbon in liquid piatinu’nd is ér’nall.,:_l ‘a.nd the bath
‘rnuet there'fer‘e be hi_;ghlyf flurd to achiev.'e' corrxlf)lete--fgas extraction.
A’e the percenta‘g‘e -(.)fAsar.ni'plle 'nda,terta.l 4inc,rea,s,es" , the bath beeo‘mes-

IV1scous and: eventua-lly turns nartlellf sol1d entl fo‘r ‘th1s reason

: the eemple~to}beth ratlo must he‘ kept low." It has been found that

vthe-me.xiznurn ambﬁﬁivqf ";a"liloyin'g‘;:permi‘s‘E';ible is ahout 25% forh |

'rnoi}rhdenum’, 'niobivum, tantalumandtungsten e R | i

Anether fa'etor :‘to betaken 1nto é.ceonlll_’nt;vwhen eppll}r{n‘g.‘ o
‘pla’.tinum hath.'aile;ring teehniQuee :i;a‘_'that bath .s'urfe,“ce .cenditi_on is

: affected by the_ addition of samplet ‘_rn'ateria_l . -.__IOn*.severa_loccesiens

'(2) E Booth, F, J Bryant and A, Parker - "Deve10pments in the b
Mlcro Va.cuum Fusion Method. with Part1cu1ar Reference to . :
the Determination of Oxygen, Nrtrogen and Hydrogen in - .

A 'Berylhum, Titanium,’ Zirconium, Thorium and. Uranium" -
. Atomic Energy Research Estabhshment A E. R E C/R 1947
_Harwell Berks (1956) : S .

- (3) S J. Bennett and L. C. Covmgton - ”Determ1nat10n of Oxygen _
in Titanium;, Mod1f1ed Vacuum Fusion Apparatus and Platihum .
Bath Techmque" Analytwal Chenustr}r 30(3), 363 365 (1958)

(4) J. E, Still - "The Determmatwn of Ga,ses in Metals by Vacuum _
: Fus1on" Special Report No. 68, The Determmatmn of Gases
in Metals, Iron and Steel Inst. (1960) '
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during the initial tests, the bath surface appeared to become
viscous even though the sample-to-bath ratio was low. This was
attributed to poor miscibility of sample and bath, and to avoid
this effect, fresh platinum was added before each sample. The
geometry of the crucible may be another factor which affects
alloying conditions since greater surface viscosity occurred more

readily in baths where the surface-to-volume ratio was low.

In the initial tests, scrap platinum thermocouple wire
was used extensively, but in later work high purity platinum in
the form of 1/8 inch diame£er wire was used. Similar results
were obtained from both materials, although the thermocouple
wire required longer out-gassing. All platinum was thoroughly

degreased before being placed in the apparatus.
Procedure

Initially 10-20 g_of platinum were dropped into the
crucible and dega;ssed for 30 minutes at operating temperature.
Before admission of each sample, additional platinum was added
to the bath to provide a fresh surface. The plétinum was high
purity 1/8 inch diameter wire which was cut into pieces weighing
about 0.7 g and several of these pieces were added if required.
A 5 minute treatment was sufficient to completely degas the

platinum. ,Bath temperature was maintained at 1900°C (3450°F)
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and as m‘a,_nly_ as eight 0 3:lt§':_(5".9»1 g.,sa;g}piesl,c':,ould\,be"._':;,‘,,ﬁavl.}'»rs ed 1n B

the bath. : ‘Normdi e}‘ctra‘,.c‘t‘i:_c‘)n' t1mewas '15’_.1vrninuteé, butwhen

- J..arge samplesl (>1 g)_werefu.sed::' -'eﬁcv.tr'afctiori t.infxe w.asj...exvt.en."de‘_d _te
20 minutes. | | |

s

Iron Bath -

;T‘he uéé' ef i_;'on _f‘qr'e,l'l'oyin/g'i e’;ami)’lee is. é,rdbiably the .
nioef ﬁraetieed tec:h-niiju_e ‘in vacuumfusmnana.lysls ’I;he'l_lsual
ﬁ;-ecedu.re,‘ie te n?nelt Sa/mple’sui 1na5 toZO ’g' Airenlibe.t‘:hﬂheld at
"_ylg,»'s‘o?c (3000°F). In most analyses samples are melted con-
'.e_ec;utiviel‘)'r,‘ but 1n ee.ses'. '\;v‘.ltxetr.e .1;001' alloy1ng(,ond1t1ons '_e"}gilslt, :‘f N :
', | extra iron :rn'a.y'leee.dkded'altern_e.vtl;e.ly":w;fith thesamples However,
the_ ia-tter. method l'eng.‘tiieps‘ve.nai'ys is f‘i_'rne' cons 1derablysmce the i

En : added iron must be degassed thoroughly before sample addltlon

‘In. prevmus work with iioﬁ ba,'th.s'_,_ ai-;terfi;:p.tyg.si "f_e:a_iiallirae:‘
3 tité.nium‘a;'id _zi%cenium g‘av:'e e'rr:atic:ﬁ_re‘sﬁ'l;e enqi tiie techmque :

. | was ex}ea'ndo#ed in'favoﬁr_ of‘ other éas extractwn teehnigues . Hb@-
ever, smcetheu'onbath techmquewsocommonly eseq?' fwe'_ :._: |
: _a'ne,ljys'i_s__r’uj_v'r;:s. of ; s/s‘e\‘r.e.r.;‘_s'.ll 12 g molybdenumsamples W‘e,r.e._“g'a,irx_"ied..
euf fvdr;:vco‘rﬁpvazxfi_s:c_)‘h. In ee;ch' case alkl‘c‘)yinvg_'eo”n'&i"tjione_ ‘f.beea:f'me

\pooxv-ei-:vae .‘s.'am.ple“s'\ﬁere'adt.'yled.togtllleb‘atlvi.vv‘l}:lviévhv gae recovery

was obﬁaine& with the first and second samples tana.lysve_d,.. but with
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additional samples, gas recovery became low and erratic, and
visual observation of the bath showed poor surface conditions,
including crust formation. Further addition of fresh iron did not
appreciably improve this condition. In view of these difficulties,

further work by this technique was discontinued.

Iron-Tin Bath (samples enclosed in tin)

The iron-tin bath, and iron bath methods are quite
similar in that iron is used as the alloying base and the operating
temperature is the same, namely 1650°C (3000°F)._ Derge(S)
used the iron-tin bath technique for analysié of titanium and onund
that a tin addition gave higher gas recovery. Beach and Guldner(6)
have shown that the iron-tin bath method with molybdenum samples

enclosed in tin gives the highest and most reproducible oxygen

results when compared to iron, nickel and platinum baths.

In the present investigation it was found that the iron-
tin bath method with samples enclosed in tin gave high oxygen and
nitrogen results in certain molybdenum and tantalum samples

when compared to other extraction methods.

(5) G. Derge - "Oxygen in Titanium'" - J. of Metals, 1, 31-33
(1949). '

(6) A. L. Beach and W. G. Guldner - "The Application of Vacuum
Fusion to Gas-Metal Studies' - ASTM Special Tech. Publ.

No. 222 (1957).
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Pfoeedure_ o
' H1gh”pur1ty vacuum-nielted ir_on (5,-20_'g) tvaé added to -
the c‘rfucib'le”a}'few_ pieces at a time and subsequently degassed’
until a'~:’ié€) blaﬁk was obtained. The-t()tal time required to com-

pletely degas a 1arge bath was of the order of 40 rn1nutes . When

j-the iron bath had been su£f1c1ently degassed at operatmg ternpera—
:'_‘_(ture,'-'the c’ruc_tble was a_l_lowed to co_el'fo'r 5 minutes and_0.3 g of
" bulk tmwas added.: ; Th'e. tin acted as a crucible ednditionen;“ "and
- if it were n’ot'a‘dded the'fifst eample ,vy.,as liable to ‘be eﬁcbeiled"from
. ',th,e.‘c'rucib‘le due to the vi;sléﬁ;é of the r.eactien.l The ‘tegﬁpefature

: 4;Was thén raised rapidly and the tin 'deéaesed_ for 10 minutes. - P_r"ior

to add1ng the £1rst sample a small amount of 1ron (<O 5 g) was._

N added to further cond1t1on the cruc1ble . The bath was then further

15 n;_i_n‘ijites Samples we1ghing O 5 to 1 5 g and

cup were analysed between alternate add1-,

_ tions of fresh iij(’)n.._(’eaeh,:_-.sec_‘:gnd sample) and extra t1n._wh1ch was
»added in the form of a_repfesentative tin cup during blank deter-
‘ rninationé . The extraction ti_nile was 20 minutes and each iron .

' add‘ition' required a further 20 minute degasein’g..

. Excessive use of tin must be avoided since the tin is"

‘evaporated onto the furnace vwalls and will c_o;i_ple._into the inductive

field of the coil thus causing "ar'ctng.. Arcing due to tin condensation
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was usually encountered after addition of the fifth sample and this

effect still persisted even when the quantity of tin was reduced.

This analytical procedure was lengthy and difficult to
carry out since considerable care had to be exercised to retain

satisfactory fusion conditions.

Tin Flux

Tin has been used as a flux medium in the analysis of
several metals, Walter's method(7) for oxygen analysis of
titanium indicates that tin can be very effegtive in dispersing a
samplé so that rapid reaction with carbon can occur. In the pre-
sent analyses of molybdenum and tantalum by iron-tin bath
techniques, it was found that tin enhanced oxygen and nitrogen
recovery in certain instances. The role of tin is uncerté.in but
.observations made during iron-tin bath analytical procedures re-
vealed that when tin was added to the bath, considerable clean~up
of the bath surface occurred. Bath surface clea:n—up was noted
on several occasions when tin was added, but after about 3 minutes
the bath surface tended to revert back to its original appearance

which suggested some surface film formation.

(7) D. I. Walter - "Determination of Oxygen in Titanium!' -
Analytical Chemistry 22, 297-303 (1950). ’
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4 The tinf,f_lux 'rhetho'(dj'_wvitha dry crucible ccntaihtﬁg .
-graphite ’chipe',' wa"s.'_used on a routine basis ih'this 1aborator)t for}
artalys is of _ti"tahiurn’; and this 1edftolthe dev'el'o_prn"ent' of the ;t-ir.l,flux
tech’niques-' ueihcg:enrl).r a{'drv'y c’rucib-le, for anai&sis of n‘i'chium.
Using the r»nedi'fiedjrne'thdvd,f analysis of niobium w-iih'high gas
cdutent ga\,r.e resulta which ehowed'eﬁcce‘llent ‘agreerheht."wi’th ‘these ‘

E obtained by hot extraction and platinum bath techni'que's .

Previous work indica'ted.tha:t‘, hot extraction ahd I;latinum‘
'bath technlques would gwe the same results, therefore the dry
g crucible-tin flux method was not 1nc1uded in the 1nvest1gat1on It

was felt that the .us'e_ of tin_ cups‘gehe'rally should be av'oided in

" analysis of low gas content samplés since it is difficult to obfain '

- a repre’sehtati_ve tih cup blank,

One ni‘obium ‘earnpi‘e (USNbP4G) was rece1vedm the
. form of small pellets Wthh necess1tated use of a tin cup for ,.
-\-'.convenlence in hahdlmg Th1s sampie was analys ed by the dry
- cruc1b1e method N10b1um pellets (O 3 g) were pla.ced in a tm cup
'weighmg 0.4 g The sample was dropped 1nto a dry cruc1b1e held
- at ZOOO °C (3630°F) after 1n1t1a1 cond1t10n1ng w1th a dummy tin cup.
Gas extract1on rvas comlalete w1th1n 20- mmutes . To check the
results obtamed b;r th1s .rnethod 51m11ar samples were analysed
' f"v.vm a platlnum bath at 1900 C (3450 °F) ‘The resul_ts were in good

B agreement .
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APPENDIX 11
VACUUM FUSION UNITS

The gas analysis units in use in this laboratory were
de"bwiAgned and built here and, although their design is not complete-
ly novel, it is thoaght that some features might be of interest in
the final evaluation of the results. Two vacuum fusion units of
different design were used to carry out the present series of
fusion and sub-fusion analyses. In the descriptions that follows

the units are identified as "A'" and ""C",

Vacuum Fusion "A'" Unit

The vacuum fusion ""A" unit was brought into operation
in 1950 and has proved to be a sound, practical and effective
apparatus. As this unit is of a standard type it has been used to
check the results obtained with the other vacuum fusion apparatus

employed in this work and which incorporates several new features.

Vacuum System

The high-vacuum system is all-glass and includes
three mercury diffusion pumps and two mechanical pumps. Gas

flow is controlled by mercury "U" type cut-off valves, and
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pressure measurements are ‘rnagle, w1th a mﬁltiv-s'ca;le M_cl@od
ga,uge.j Thg-merc’ui‘y‘.l‘eVels;.'in. "cl.-xéi 16@t;,6f£ Valge‘s and ‘McLeod
gauge é.ré ‘ra‘ised,{a‘;'nd' ll.ov‘vei.'vedv;bi}iﬁi}é%éntiél'ﬁfee‘lsure by -méarié o
"of hand op'erétjéd;‘vs‘to.p;:ocks moﬁn't”e'd,.cr)n‘atmospi‘l‘ez;ic‘ and va;cuufri

mar;ifolds . The é&stefh is illustrated schematically in Figure 1,
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Figure I, Vacuum Fusion "A" Unit
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‘Furnace Section

The furnace section 15 constructed entlrely of Pyrex

' ,glass . The main assembly, wh1ch is permanently connected to the

| vacuum system with a, arg 'd1a“meter‘_g'as ex1t tub_e;,e cons1sts of a_ :

. cold trap (dry 1ce),mercury l1ft, P1ran1 gauge head and a. "T"

'shaped member on wh1ch the sample tubes, optlcal flat and hlgh -

'urnace are attached Samples are moved and admitted

" into thl'el"‘cl'i‘uci'ble by means' of an ,iron p‘usher manipulate'd by a B

magnet .The glass optical'flat through which tempe'ratureobsejrva-
t1ons are_. mad’e’v'i‘s lpr_ot'ec_te_d from condensed ﬁ‘lrns _by a movable
stopper.~ Thé_ 'P.irani gauge, in additibn' to measnuring.'th‘e-'sta(’cii"c and

L dynam1c pressure, is connected 1nto a~’cont1 oller 80 that the in- V

_ duction heater canbe, turned- o’n"ja“ d{off at any preset' pres(sure,_ e

- providing ‘au_tomatic'bake go'u_t andsafety control e

The 1nduct10n heatlng set used is a 6 KW Ajax mercury

: '._,spark -gap type hav1ng a n0m1nal frequency of 50 Kc/sec. ‘ A
var1ety of work coils and furnace Systems can be used w1th thls type '
E of. heater _since 'the _character.isi'tlcs jare‘such that thecruc1ble -and .

furnace dimensions are not especially critical.

A modification of the bas_ic Gu:l_dner:;and Beac-h(” furnace

design is used and is shown in Figure 2,: ..

' (1) Ww. 'GV Guldner and A, L. Beach Z "Vacuum Fusion .I;"u‘r_najce,for .
Analysis of Gases in. Metals” - Analytical Chemistry 22, 366-367
(1950). S SN »
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Figure 2. High Temperature Air—cc')oled Furnace.
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Furnace.'pompoxrehts are installed through 'the’b'p‘en o
bottom end of the furnace tube, AWhic.h_ is later sealed with an "O"

ring and brass piece., -

The graph1te cruc1b1e and funnel, F1gure 3 are machmed
' from h1gh grade graph1te rod and are supported in the quartz tube
lw1th rnlnue 200 mesh spect,rograp}'rm. gra.de _gra.‘pl'nt‘e powder. The:
lower end of: the/ c_r,tic:'ib‘lie'.hae Beerrprqv"ided w1thth10k wailg"te.,- | |
Irrevetrf leai(ag e dur1ngprolonged e-nai}rsis ernployli'n'gx;fi’ron 'léa,the .
:With the' coinpo,ne'ﬁ.fs’aﬁd'{n;iﬁétio;{ heater 1n ;use 1thasbeen found

unnecessary to slit the funnel to achieve low funnel temperatures.

A ma.x1rnurn cruc1ble ternperature sl1ghtly 1n excess of;
2400 °C (4350°F) has’ been ach1eved with thls systern, but norma.lly
the ternperature is held to a max1murn of 2300 C (4170°F) to avo1d

excessive co_ndensa._t;oq .

- The furnace section is isolated frorn the ainalytiéal section
. of the apparatus by two mer.cury' ngn type cut-off check valves. The
valves enable the furnace section to‘be_’_ opeﬁed't,'o‘a.'tm_osph_e‘re while

- the analytical section remains under vacuum .

Analytit':a'l,Sec‘tion -

The hydrogen, carbon monoxide and nitrogen recovered

from e. earnple ‘upon heating or melting in the crucible are collected.
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in the calibrated volume where the total pressure is measured with
the McLeod gauge. For this purpose the diffue:ion pumps (see
Figure 1) are in series. The gases are then circulated over hot
copper oxide and the cold trap, which is cooled by a dry-ice/
acetone mixture, Hydrogen is thus removed, and the remaining _
carbon dioxide and nitrogen are pumped back into the caliﬁrated
volume for the second pressure measurement. The cycle is then
repeated and carbon dioxide ié removed in the cold trap‘lcooled by
liquid nitrogen. A third and final nitrogen pressure measurement
is taken and thus by difference the hydrogen, carbon monoxide and
nitrogen pressures can be determined and the gas content of the

sample calculated.

Actual analysis of the gases requires 20 minutes and

complete analysis of a sample requires 37 to 47 minutes.

Vacuum Fusion "C'" Unit

The vacuum fusion "C'" unit is the second vacuum fusion
apparatus developed in this laboratory and makes use of simultaneous
gas extraction and gas analysis by semi-automatic means to con-
siderably reduce the time formerly taken for similar analyseé .

An analysis time of 22 minutes for successive analyses of samples
has been achieved. During the course of this series of analyses,

the original induction heater and furnace assembly which was
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identical to.that emiolé_yéd in the "A" unit, (see page _30)~’was re-
placed, anci 'dnal;rgéas using ixj‘on b'a’,th. t.echniques v_ve;"e ho‘t“:'carried
out sincé frh.,er‘e‘ :-vglzla_".,lx‘:'.sﬁnot fime for dév'eiopfhént <"3f éuch Atechniqueé .
Iﬁ fﬁe ‘p.revsle'n»t ;'é'i'ies’ of a;nalysés for fnlloly.bdénuni, n'ibbiilm,‘
tanta’lum'an'ci t;ﬁn'gAs.ten,‘ this unit was erhioiojéd oﬁl'y for hot ex-

traction and pl_a;tinurri bath techniques .

Induc':Atio'n'Heate r

A Ph‘illlipéIVacuurh tube inducﬁon heating set with a
ﬁdmiﬁal output of 6 KW a,t;‘?;:(.)'O:K'c'/sec i:s used 1_:6 heé:t the ’crucible.
Induction heaﬁing at these .high:frequéncies r'.équir'es'._c;aféfu‘l se’:lec-_-. |
tion and arrangement df, the coil and qruci.ble since’ _cr;lqiblé H_eé.ting ,
characteristics may play an .impdrtar.lt role in,'fac_h.ie\}ivr;'gli_;'c.:dmpl'ete
.‘ga,s extraction. .‘No- signifilcan.t differéncé in re.s:ult._é of analsrsés of
tile same safnple mate-fial.:was noted when corﬁpared with those

obtained in the other vacuum fusion unit.

The Vacuum System -

The hig_h-vacuund' system is constructed mainl;lr of glass
. components, the exception being the quartz high temperature fur-
nace. The sysfem_ comprises three .rlherc'ii'ry‘ d‘i'ff'usi_onv pumps;

solenoid-operated glass-mercury seal valves, and a mechanical
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pump. An auxiliary mechanical pump is used to provide the

differential pressure necessary for operation of the McLeod gauge

and mercury "U" type check valves.

The system is illustrated in Figure 4, and a drawing of a

solenoid valve is shown in Figure 5.
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Solenoid
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Mercury
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Figure 5. Solenoid-operated Glass-Mercury Seal Valve,

Furnace Section

The furnace assembly of this apparatus differs from
that of the vacuum fusion "A'" unit in that the furnace diffusion
pump is capable of maintaining high fore-pressures at high pump-
ing speeds and a different high temperature furnace arrangement

is employed. The high temperature furnace is shown in Figure 6.
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insulating powders or heat shields. In practice considerable time
is saved due to simple design of components, ease of assembly and

routine maintenance.

Crucibles are machined from high purity graphite and
are of a simple design as shown in Figure 7. In hot extraction or
platinum bath analyses no funnel is required. Crucible tempera-

tures of over 1900°C (3450°F') have been obtained.
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Figure 7. Graphite Crucible.
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Analytical Section

' ',Actua.laﬁé.lys,is of the _hydrogen_, cé.rbon monoxide and
nitrogen recov'é.'red Afrom a sanﬁplé is by diffﬁsiqn of the hydrogen
component through a. héa;ted palladium. fube a;hd differential freeze-
- out of carbon diox'i.d:e in"é trap cooled by liquid_ nitrogen after cir-

culation over "Hopcalite" (activated manganese dioxide).

Three pressure m%aasur’erhenté are required for deterj

mination of hydrogen, carbon monoxide an& nitrdg’en. Hydrogen

is measured directly after diffusion through the palladium tube.

'_A second.preésure measurement of carb'%)r;l.monoxide'plgs 'nit.rogen
is then taken and, after freeze-out of carbon. dioxidg_, the pfes_sure
of nitrogen is deterrﬁined. Sinc%'e. hydfégén i:;:eiavol\fe'd.;abidly‘_’from
a."s,a.rr'xple it is deférmined l.aefo.r'_e' ;:dfr;plete lesctl."a:cfiion of thg-ovt.her ‘
.gaées and pormélly ."thiAs is do.lle"afte'r 8 mjn;ites ’c:»f extraction.
fI“he.‘gas analysis rriéthod has prévén reliable -_and aécurate and
combined With'a.ut‘oma.tic va.lv‘in:g procedures' >ha.s S{gnifica;pflly

increased efficiency.

' GS:NSS:vb




