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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 foun.d 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 Bran.ch, Department of 

Mines and Technical Surveys, Ottawa, Canada.. 
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INTRODUCTION  

The vacuum fusion and sub-fusion methods of gas analysis 

have been widely applied to gas-metal studies and are well document- 

( 1  ed in the literature -9)  

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 nitrogen. At 

the sarne time as the reaction with carbon is taking place, the 

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 removal and transfer of gas, both methods per-

mit quantitative determination of the gases contained in a sample. 



Hydrogen, oxygen and nitrogen can be determined in 

niobium, molybdenum, tantalum and tungsten by different gas 

extraction techniques.  Hydrogen, since it is readily diffusible, 

can be extracted at sub-fusion temperatures . Oxygen may be 

extracted from some refractory metals by heating under vacuum 

in the presence of carbon to elevated, but sub-fusion, tempera-

tures. However, complete extraction of oxygen and nitrogen 

generally requires fusion of the sample and suitable  réaction 

 conditions. 

The vacuum fusion units described in this  report have 

been in use for a number of years for the determination of gases 

in a wide range of metals and alloys . Of the metals niobium, 

molybdenum, tantalum and tungsten, only niobium and tantalum 

had been analysed previou.sly. The analytical techniques that were 

developed could not be verified because comparative analysis 

figures were not available for the material analysed. 

The work d.escribed in this report was part of a test 

program organized by A.GARD (under the auspices of NATO) for 

the purpose of evaluating methods of vacuum fusion gas analysis of 

niobium, molybdenum, tantalum and tungsten through analysing 

samples of these metals provided by sources in Belgium, France, 

the United Kingdom and the United States of Arnerica. 
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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 

France, molybdenum 2 

United Kingdom, molybdenum 2 

United States, molybdenum M2C 

Belgium, niobium 9N 

France, niobium 4 

United Kingdom, niobium 2 

United States, niobium M3B 
United States, niobium MSG 
United States, niobium P4G 

Belgium, tantalum 2 
France, tantalum 2 
United Kingdom, tantalum 2 

United States, tantalum M3A 
United States, tantalum M3B 

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

Form.of Sample 

rod, 10 mm dia x 125 mm 

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

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 mm x 8 mm x 137 mm 

rod, 10 mm dia x 64 mm 

rod, 0.6 mm dia x 165 mm 
13 mm x 14 mm x 35 mm 
rod, 8 ram dia x 120 mm 



SAMPLING 

In the determination of gas content of metals both the 

initial sampling procedure as well as the final sample preparation 

immediately before analysis play important roles in obtaining 

accurate results. In the present work it was n.ecessarily assumed 

that the samples supplied were truly representative of the parent 

material. The sample preparation procedure applied to the niobium, 

molybdenum and tantalum metals was to cut analytical samples by 

means of a hand saw . . The spécimens  were then abraded with a file 

and rinsed in pure benzene and thoroughly dried. The tungsten 

samples were prepa.red by breaking the material to size in a vise 

and selecting the required amount from the fresh clean inner 

material. Ben.zene rinsing was avoided since the more _porous 

nature of this material might lead to  absorption and  retention of the 

solvent and in any case, the freshly broken surfaces were uncon-

taminated by handling or manipulation. All samples were prepared 

immediately before analysis and were placed in the appara.tus with . 

the minimum of delay. 

OUTLINE OF GAS EXTRACTION TECHNIQUES 

Vacuum fusion and sub-fusion (hot extraction) methods 

of ga.s analysis were used throughout the investigation but various 

techniques were employed and these are listed in Table  Z.  



Method 

A Hot Extraction 

B Platinum bath 

C Iron bath 

D Iron-tin bath 

E Tin flux 
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TABLE 2 

Gas Extraction Techniques 

Temperature 	 Amlication 

1850-2050°C 
(3360-3420°F) 

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

1900°C (3450°F) To obtain comparative 
figures at high fusion 
temperatures . 

1650°C (3000°F) To determine the effective-
ness of iron as a fusion 
medium. 

1650°C (3000°F) To determine . 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, m.olybdenurn, 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. 
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RESULTS 

The results of the gas analyses are given in Tables 3 

to 5. The gas extraction methods used in the analysis of each 

sample are indicated in the "Method" column by capital letters 

which correspond to the letters listed in Table 2. The values 

obtained from the various extraction methods agreed as re-

gards order of magnitude except for three oxygen determina-

tions which are indicated by the small letters in the "0, 

•  Content" column of Table 4; these three determinations are 

reviewed under "Discussion of Results". The samples are 

identified in the tables as BEL (Belgium), FR (France), UK 

(United Kingdom) or US (United States of America). 
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TABLE 3 

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

Sample 
Identification 

Mo 2 
Mo Z 
Mo M2C 

Hz Content 
Average (wt %) 

0.00079 
0.00009 
0.00011 

Standard Number of 	Method 
Deviation Analyses (see Table 2) 

12 	A,B,C,DE 
18 	A,B,C,DE 
10 	A,B,C,DE 

FR 
UK 
US 

0.00036 
0.000035 
0.00005 

BEL Nb 9N 
FR Nb 4 
UK Nb 2 
US Nb M3B 
US Nb MSG 
US Nb P4G 

0.00008 
0.00009 
0.00041 
0.00011 
0.00020 
0.0049 

0.00005 
0.00006 
0.00006 
0.00004 
0.00006 
0.0003 

14 
6 

	

11 	A,B 

	

6 	A,B 
7 

	

5 	AE,BE 

BEL 
FR 
UK 
US 
US 

Ta Z 
Ta 2 
Ta 2 
Ta M3A 
Ta M3B 

0.00004 
0.00004 
0.00012 
0.00005 
0.00002 

0.00006 
0.00008 
0.00015 
0.00007 

0.00003 
0.00004 
0.00003 
0.00001 
0.000015 

0.00002 
0.00003 
0.00004 
0.00002 

7 	A,B,DE 
17 	A,B,DE 
15 	A,B,AE.DE  

6 	A,B,DE 
11 	A,B,AE,DE 

5 	A,B 
7 	A,B,DE 
7 	A,B,DE 
5 	A,13,DE 

FR W2 
UK W 2 
US W M2D 
US W M311 



Number of Method 

Results of Oxygen Analyses of Molybdenum, Niobium, Tantalum 
and Tuneten 

Sample 	Oz Content 	Standard 
Identification Average (wt %) Devia.tion Analyses (see  Table 2)  

FR Mo 2 	0.0035(a) 	0.0015 	13 	A,B,C,DE 
UK Mo 2 	0.6024 (b) 	0.0012 	15 	A,B,C,DE 
US Mo M2C 	0.0007 	0.00015 	9 	A,13,C,DE 

BEL Nb 9N 	0.0012 	0.0003 	10 	B 
FR Nb 4 	0.0062 	0.0010 	 9 	B 
11K Nb 2 	0.0019 	0.00042 	9 	A 
US Nb M3B 	0.017 	0.0046 	17 	A,B 
US Nb MSG 	0.035 	0.0024 	 6 	B 
US Nb P4G 	0.012 	0.0018 	5 	AE,BE 

BEL Ta 2 	0.00066 	0.00021 	8 	A,B,DE 
t'R 	Ta 2 	0.0022 (c) 	0.0014 	17 	A.,B,DE 
11k Ta 2 	0.00065 	0.0003 	12 	A,B,AE,DE 
US Ta M3A 	0.0095 	0.0018 	 9 	A,B,DE 
US 	Ta M313 	0.0037 	0.00066 , 	11 	A,B,DE 

FR W z 	0.00059 	0.00012 	5 	A,13 
UK W 2 	0.0012 	0.00014 	4 	A,B 
US W M2D 	0.00083 	0.00027 	8 	A,13,DE 
US W M3H 	0.00050 	0.00020 	5 	A,B,DE 
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TABLE 5 

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

N2 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,DE 

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 

BEL 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 
US 	Ta M3A 	0.00070 	0.00043 	8 	A,B,DE 
US 	Ta M3B 	0.0010 	0.00019 	5 	B,DE 

FR W2 
UK  W2 
US W M2D 
US W M3H 

	

0.00005 	0.000009 	4 	A, B 

	

0.00015 	0.000083 	7 	A,B 

	

0.00014 	0.000045 	5 	A,B,DE 

	

0.00015 	0.000055 	5 	A,B,DE 

DISCUSSION OF RESULTS 

Hydrcgen  Analyses 

Good agreement was obtained between the hydrogen 

analyses irrespective of the extraction method employed. 
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- average 0.0018 wt % 

Oxygen Analyses 

The consistency of the oxygen results was found to vary 

with the material, purity of sample and gas extraction technique 

employed. The average values indicated by the letters (a), (b), 

and (c) in Table 4 -were obtained from individual results-  which 

showed more scatter than  usual, and the separate average\f'or 

the techniques employed were as follows: 

(a) FR Mo 2 Average of following 13 determinations: 

• 3 hot extraction 

• 2 platinum bath 

3 iron bath 

average Q.0616 wt % 

average 0 . .0020 wt %. 

- average '0;1)030. Wt 

5 iron-tin bath (sam.ples enclosed in tin cup) 
average 0.0050 wt %. 

) UK Mo 2 Average of following 15 determinations: 

6 hot extraction. 

3 platinum bath 	- average 0.0043 wt 

3 iron bath 	- average 0  0019   W t % 

3 iron-tin bath (samples enclosed in tin çàp) 
average 0.0038 Wt % 

,(é ) . ÉR Ta 2 Average of following 17 d eterrnina,tions: 

t % 2 hot extraction 	- average 0.0017 

10 platinum'bath - average 0.0018 wt % 

5 iron.-:tin bath (samples enclosed in tin cup) 
- 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 graphs plotted in Figures 1, 2 and 3, respectively.  The 

 results are arbitrarily arranged in order of increasing oxy- gen 

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 readily recovered by 

conventional hot extraction procedures. Earlier work in this 

laboratory with niobium verified that excellen't 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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Figure 2 , Relationship Between Oxygen Recovery 
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Figure 3,  Relationship E3etween Oxygen Recovery 
and Extraction Technique for Tungsten 
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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 

m.aintain 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. 
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APPENDIX I 

GAS EXTRACTION TECHNIQUES 

In the initial development work, à. 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 werè those which 

gave reproducible results from samples of different sizes as ' 

determined in two vacuum fusion units, employing different 

crucible  arrangements.  Although reproducible results have been 

obtained in two different units using the procedures described, it 

should be recognized that this work was carried out without 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 
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in molybdenum, tantalum and tungsten. (1) . Hot extrac .lion provides 

the most straightforward method of gas extraction and  is the least 

difficult to apply. The a.dvanta.ges of the method relative to others 

employing metal baths are that pre-analysis preparation is a 

minimum, analyses are rapid, crucibles may be re-used, blanks 

are sMall and consistent, and there is less likelihood that the 

pr«ence of previously analysed samples in the crucible will 

interfere with extraction. 

In hot extraction, gases are extracted by diffusion pro-

cesses peciiliar to the sample, and controlled mainly by its com- 

position and size. Although good agreement in resting may be 

obtained between fusion extraction and hot extraction at low gas 

contents there may be discrepancies as illustrated in the graphs 

in Figures 1, 2 and 3, on pages 12, 13 and 14, 

Procedure 

Samples of 0.2 to 1.5 g were dropped into a well-degassed 

crucible held at 1850-2050°C (3360-3720°F). Gas evolution be-

gan immediately and continued for 10 to 20 minutes. Due to the 

speed at which gas wa.s removed from the region of the crucible, 

gas evolution could not be monitored effectively with a Pirani 

(1) J. E. Fagel, R. F. Witbeck and H. A. Smith - "Determina-
tion of Oxygen, Hydrogen and Nitrogen in Refractory Metals" 
Analytical Chemistry, 31(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. Although longer extraction times were anticipated

for molybdenum, tantalum and tungsten, no further significant

evolution of gas was noted after 15 minutes and an extraction time

of 20 minutes was considered sufficient for accurate analysis.

Genera.lly no significant difference in results was noted when

extraction was carried out at 1850 °, 1950 °, or 2050 °C (3360 °,

3540°, 3720°F) but, on one occasion during a series of molybde-

num analyses, higher gas recovery was obtained with samples in

direct contact with the crucible in contrast to samples nô^t in

direct contact with the crucible. In hot extraction analysis of

molybdenum it was observed 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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,3,4) thoriuni, titanium,  uranium,  tungsten and zirConinin 

The advantages of the platinum  bai are that platinum 

has a low vapour'présEinre and remaiWquite fluid undernor .inal 

operating procedurea siy.that itifirOvides - an excellent medium for 

investigating .high tèMperattire fusion  techniques. Unfortunately, 

the 'solubility' of carbon in liquid platinum  is 	and the bath• 

must therefore be highly fluid to achieve complete-gas extraction. 

As the percentage of sample material increas.ea, the bath becomes 

viscous and eventually turns partially solid, and for this reaSon 

the  sample-to'-bath ratio Must  be  kept low  It has been fOund that 

the  maximum  am.ou.nt'of 'alloying:perniiésible is about 25%  for  

Molybdenum:, niobium, tantalum" 	tnngs ten . 

Another factor to be taken into account when applying 

platinum bath alloying techniques is that bath surface condition is 

affected by the addition of sample material . On several occasions 

•  
(2) E. Booth, F. J. Bryant and A. Parker - "Developm.ents in the 

Micro Vacuum-Fusion Method with Particular Reference to , 
the Determination of Oxygen, Nitrogen and Hydrogen in 
Beryllium, Titanium., Zirconium, Thorium and Uranium." - 
Atomic Energy Research Establishment A .E .R.E .0 /R 1947, 
Ha.rwell Berks (1956). 

(3) S. J. Bennett and L. C. Covington - "Determination of Oxygen 
in Titanium, Modified Vacuum Fusion Apparatus and Platinum 
Bath Technique" - Analytical Chemistry 30(3), 363-365 (1958). 

(4) J. E. Still - "The Determination of Gases in Metals - by Vacuum 
Fusion" - Special Report No. 68, The Determina.tion of Gases 
in Metals, Iron and Steel Inst. (1960). 
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durin.g 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 use.  d extensively, but in later work high purity platinum in 

the form of 1/8 inch diameter wire was used. Sirnilar results 

were obtained frètrm both m.aterials, although the thermocouple 

wire required longer out-gassing. All platinum was thoroughly 

degxeased before being placed in the apparatiis 

Procedure 

Initially 10-20 g of platinum were dropped into the 

crucible and degassed for 30 minutes at operating temperature. 

Before admission of each sample, additional platinum was added 

to the bath to provide a fresh surface. The platin.urn 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 many as eight 0.3 to 0.9 g samples could be analysed in 

the bath. Normal extraction tin-le wa.s 15 minutes, but when 

large sam.ples (>1 g) were used extraction time was extended to 

20 minutes. 

Iron Bell  

The use of iron for alloying sam.ples is probably the 

most practiced technique in vacuum fusion analysis. The usual 

procedure is to melt samples in a 5 to 20 g iron bath held at 

1650°C  (3000°F) In most analyses, samples are melted con-

secutively, but in cases where poor alloying conditions exist,. 

extra iron may be added alternately with the samples. However, 

the latter method lengthens analysis time cons.  id.erably since the 

a.dded iron must be degass. ed thoroughly before sample addition. 

In previous work with iron baths, attempts to analyse 

titanium and zirconium gave erratic results and the technique 

was aba.ndoned in favour of other gas extraction techniques . How-

ever, since the iron bath technique is so commonly used, two 

analysis runs of several 1.2 g molybdenum samples were carried 

out for comparison. In each case alloying conditions became 

poorer as samples were added to the bath. High gas recovery 

was obtained with the first and second samples analysed, 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 (5) 

 used the iron-tin bath technique for analysis of titanium and found 

that a tin addition gave higher gas recovery. Beach and Guldner (6 ) 

have shown that the iron-tin bath method witli 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 

( 19 49). 

(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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Procedure 

High' purity vacuum-melted iron  (5-20g) was added to 

the crucible a. few pieces at a time and subsequently degassed 

until a low blank was obtained. The total time required to com-

pletely degas a large bath was of the order of 40 minutes. When 

tlie iron bath had been sufficiently dega.ssed at operating tempera-

ture, the crucible wa.s allowed to cool for 5 minutes and 0.3 g of 

bulk tin was added. The tin acted as a crucible conditioner, and 

if it were not added the first sample was liable to be expelled from 

the crucible due to the violence of the reaction. The tempera.ture 

was thèri raised rapidly and the tin degassed for 10 minutes. • Prior 

to adding the first sample a small amount of iron (<0.5 g) was 

a.dded to further condition the crucible. The bath was then further 

degassed for 15 rninutes Samples weighing 0.5 to 1.5 g and 

enclosed in a 0.4 g tin cup were analysed between alternate addi-

tions of fresh iron (each second sample) and extra tin which was 

_added in the form of a representative tin cup during blank deter- 

minations. The extraction time was 20 minutes and each iron 

addition required a further 20 minute degassing. 

•  Excessive use of tin must be avoided since the tin is 

evaporated onto the furnace walls and will  couple  into the inductive 

field of the coil thus causing arcing. 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 effective in dispersing a 

sample.  so  that rapid reaction with carbon can occur . . In the 'pre-

sent analyses of m.olybdenum 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 uncertain but 

observations made during iron-tin bath analytical procedures re-

vealed that when tin was added to the bath, considerable cleanrup 

of the bath surface occurred. Bath surface clean-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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The tin flux method, with a dry crucilDle containing 

graphite chips, was used on a routine basis in this laboratory for 

an.alysis of titanium, and this led. to the development of the tin flux 

techniques using only a dry crucible, for analysis of niobium. 

Using the modified method, analysis  of niobium with high ga.s 

content gave results which showed excellent agreement with those 

obtained by hot extraction and platinutn  bath  techniques.  

Previous work indicated tha,t hot extraction and platinum 

bath teChniques would give the same results, therefore the dry 

crucible-tin flux method was not includ.eci in the investigation. Tt 

was felt that the use of tin cups generally should be avoided in 

alysis of low gas content samples since it is difficult to obtain 

a representative tin cup blank. 

• One niobium sa.mple (US Nb P4G) was received in the 

form of sMall pellets which necessitated  use  of a tin cup for 

•cOnvenience in handling.  •This sample was analysed by the dry 

crucible method. Niobium pellets (6.3 g) were placed in a tin cup 

weighing 0.4 g. The sa.rnple was dropped into a dry crucible held 

at 2000°C (3630°F) after initial conditioning with a durximy tin cup. 

Gas extraction was complete within 20 minutes. To check the 

results obtained by this method similar samples were analysed 

in a platinum bath a.t 1900°C (3450°F). The results were in good 

agreement. 	- • 
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APPENDIX II 

VACUUM FUSION UNITS 

The gas analysis units in use in this laboratory were 

de%igned and built here and, although their design is not complete-

ly novel, it is thought that some features might be of interest in 

the final evaluation of the results. Two vacuum fusion units of 

differe.nt 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 made with a multi-sca.le McLeod 

gauge. The mercury levels in the cut-off valves and McLeod 

gauge are raised and lowered by differential pressure by means 

of hand operated stopcocks mounted on atmospheric and vacuum 

manifolds. The system is illustrated schematically in Figure 1. 



I. Furnace 
2. -  Sample Arms 
3. Pirani Gauge Head 
4. Mercury Lift 
5. Cold Traps 
6. Diffusion Pumps 
7. Mercury Cut-Off Valves 
8. McLeod  Gouge  
9. Storage Bulbs 
10. Copper Oxide a 

Furnace 

Manifold 
Pump 

Figure 1, Vacuum Fusion nglir  Unit 
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Furnace Section 

The furnace section constructed entirely of Pyrex 

glass. The main assembly, which is permanently connected to the 

vacuum system with a large diameter gas exit tube, consists of a 

cold trap'(dry-ice);Mercury lift, Pirani gauge head and a "T" 

shaped membeir'bn viihich the sample tubes, optical flat and high 

temperatuie furnace are attached. Samples are moved and admitted 

into the' Crucible by means of an iron pusher manipulated by a 

, 
maeiet. The glass optical flat through which temperature observa-

"tions are made is 'protected from condensed films by a movable 

stopper. The Pirani gauge., in addition to measuring the static and 

dyna.mic . preesure, is connecteçl into a'coritroller so that the in- , 

duction hea.ter can be turned oh and off at; any preset pressure 

providing a.utorria.tic bake-out and safety control.' 

The induction heating set used is a 6 KW Ajax mercury 

spark-gap type having a nominal frequency of 50 Kc/sec. A 

variety of work coils and furnace systems can be used with this type 

of heater since the characteristics are such that the crucible and 

furnace dimensions are not especially critical. 

A modification of the basic Guld.n.er  

design is used a.nd is shown in Figure 2. 

(1) W. G. Guldn.er  and  A. L. BeaCh -; "Vacuum. Fusion Furnace for 
Analysis of Gases in Metals!' Analytical Chemistry 22, 366-367 
(1950). 	• 

and Beach (1)  fUrnaCe 
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Ground Joint 

Pyrex Tube 
(65mm dia) 

I 	%. 

Wire 
Suspension 

Quartz 
Suspension 

Tube 

Graphite Crucible 
Funnel 

Graphite Insulating 
Powder 

JP-11 it • O—ring Seal 
Brass Piece 

Figure 2. High Temperature Air-cOoled Furnace. 

-4 25mm 1-4— 

Figure 3. Graphite crucible and Funnel. 



Furnace components are installed through the open - 

bottom end of the furnace tube, which is later sealed with an. "0" 

ring and brass piece. 

The graphite crucible and funnel, Figure 3, are machined 

from high grade graphite rod and are supported in the quartz tube

•  with minus ZOO rn.esh spectrographic grade graphite powder. The 

lower end of the cru.cible has been provided with thick walls to 

prevent leakage during prolonged analysis employing iron baths. 

With the components and induction heater in use it has  been  found 

=necessary to slit the funnel to a,chieve low funnel temperatures. 

A maximum crucible temperature slightly in excess of 

2400°C (4350°F) has been achieved with this system, but normally 

the temperature is held to a maximum of 2300°C (4170°F) to avoid 

excessive condensation.. 

The furnace section is isolated nom  the analytical section 

of the apparatus by two mercury nU" type cut-off check valves. The 

valves enable the furnace section to be opened to atmosphere while 

the analytical section remains under vacuum. 

Analytical Section 

The hydrogen, carbon monoxide and nitrogen recovered 

from a sample upon heating or m.elting 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 diffusion 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 calibrated 

volume for the second pressure measurement. The cycle is then 

repeated and carbon dioxide is removed in the cold trap cooled 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 serni-automatic means to con-

siderably reduce the time formerly taken for similar  analyses. 

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 employed in the "A" unit, (see page 30) was re-

placed, and analyses using iron bath techniques were n.ot carried 

out since there was not tirne for development of such  techniques.  

In the present series of analyses for molybdenum., niobium, 

tantalum and tungsten, this unit was employed only for hot ex-

traction and platinum bath techniques.  

Induction Heater 

. A Phillips vacuum tube induction heating set with a 

nominal output of 6 KW at 900 Kc /sec is used to heat the crucible. 

Induction heating at these high frequencies requires careful selec-

tion and arrangement of the coil and crucible since crucible heating 

characteristics may play an important role in achieving complete 

gas extraction. No significant difference in results of analyses of 

the same sample material was noted when compared with those 

obtained in the other vacuum fusion unit. 

The Vacuum System 

The high-vacuum system is constructed mainly of glass 

components, the exception being the quartz high temp'erature 'fur- 

nace. The system comprises three mercury diffusion pumps, 

solenoid...operated. glass-mercury seà1 valves, and a m.echanical 
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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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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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round Joint 

Sample Guide Tube 

Translucent Eyeshield 
(Quartz) 

Quartz Furnace 
(35rnm dia) 

Crucible 

- Induction Coil 

Pyrex Air Guide 

.Tungsten Support 
Rod 

Support Rod Gdi sile 

Guide Tube 

Figure 6. High Temperature Quartz Furnace Vacuum FUsion 
Unit. 

The advantage of high frequency induction heating as 

distinct from low frequency heating is that sMall .  crucibles may be 

i'apidly heated to high temperatures without the complication of 
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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. 

Figure 7. Graphite Crucible. 
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Analytical Section 

A.ctual analysis of the hydrogen, carbon monoxide and 

nitrogen recovered from a sample is by diffusion of the hydrogen 

component through a heated palladium tube and differential freeze-

out of carbon dioxide in a trap cooled by liquid nitrogen after cir-

culation over "Hopcalite" (activated manganese dioxide). 

Three pressure measurements are required for deter-

mination of hydrogen, carbon monoxide and nitrogen. Hydrogen 

is measured directly after diffusion through the palladium tube . 

A second pressure measurement of carbon monoxide plus nitrogen 

is then taken and, after freeze-out of carbon dioxide, the pressure 

of nitrogen is determined. Since hydrogen is evolved rapidly from 

a sa,mple it is determined before complete extraction of the other 

• gases and normally this is done after 8 minutes of extraction. 

The gas analysis method has proven reliable and accurate and 

combined with automatic valving procedures has significantly 

inc reas ed efficiency.  . 

GS:NSS:vb 


