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ABSTRACT 

In the production of zirconium metal and its 
alloys the presence of hydrogen impurity affects 
mechanical and corrosion resistance properties of 
the product. Therefore, determination of hydrogen 
contents of the product is necessary. Conditions for 
its analysis by melt extraction under carrier gas 
stream using thermal conductivity cell as detector 
were studied and optimised. The method is capable of 
measuring hydrogen impurity in parts per million range. 



1. INTRODUCTION 

Zirconium and its alloys are of particular interest due 
to their use as fuel cladding material for nuclear reactor 
fuel and pressure tube material in water cooled nuclear reactors. 
Hydrogen impurity may cause swelling and rupture of the cladding. 
A knowledge of the impurity content is important for several 
reasons. It is highly effective embrittling agent for a wide 
variety of materials {1). In its presence the detrimental 
effects of oxygen and nitrogen are magnified. 

These observations emphasize the need for the control of 
hydrogen impurity concentration for the production of material 
free of above defects. Several methods are available for its 
determination, these include, chemical, vacuum hot extraction 
(2), vacuum fusion extraction (3,4), spectrography (5), isotopic 
equilibration mass spectrometric (6), hot extraction (7), and 
melt extraction under carrier gas stream. The work has been 
carried out on an instrument using melt extraction and thermal 
conductivity cell as detector. It is fast and takes throe to 
four minutes per analysis and is sufficiently accurate to be 
used for routine analyses for quality control in material 
production. 

2. SAMPLING 

For precise and accurate analyses the sample should be 
representative. A bri«f description of sampling from different 
eteps of zirconium metal production is given below. 

i) Sponge 

Representative sample from zirconium sponge wua 
obtained by riffling the consignment, compacting 
under pressure of about 25 ton per square inch to 
a block, diilling evenly spaced holes (3"/8) through 
the entire block. The drillings were throughly 
mixed, passed through a 44 mesh sieve and weighed 



- 2 -
into separated fractions. Samples were taken 
containing coarse and fine drillings proportional 
to the weight of these two fractions. 

ii) Ingots and Wrought Products 

Sampling was carried out by drilling or machining 
after removing surface oxide skin. 

iii) Drilling and Cutting of Samples 

Zirconium smears on other metals, therefore, sliding 
contact between work piece and its support was 
avoided. The cutting speed was kept as low as 
possible. Sawing of the sample was carried out at 
about 50% less speed than required for cutting 
equally hard steel. Paraffin oil was used as 
lubricant. To avoid wearing of tool and sample 
surface contamination a sharp tool was used 
throughout for cutting the samples. 

Before analyses, samples were degreased with trichlo-
roethylene, pickled for few minutes in 1 : 1 hot hydrochloric 
acid, washed with water, then with acetone and finally dried. 

3. INSTRUMENTATION 

STROHLEIN H-mat 251 is a micro processor controlled 
instrument. It makes use of melt-extraction in carrier gas 
stream and thermal conductivity to determine hydrogen in steel 
and other metals. All tests and control functions are initiated 
and monitored by the control terminal. The instrument operates 
with an open impulse furnace which permits rapid and convenient 
automatic sample insertion from above the furnace through a 
sample port. Before insertion, the sample rests on a titling 
cup outside the furnace chamber to avoid hydrogen losses 
through a temperature rise during outgasing and purging of 
the crucible. The heating unit is externally controlled graphite 
resistance furnace in which the crucible also forms the heating 
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element. Temperature upto to 2800°C can be achieved. Two 
water-cooled non-ferrous electrodes hold the crucible in 
position. The lower one can be moved downwards under pneumatic 
control. Temperature of the furnace is monicored by optical 
pyrometer. The carrier gas is passed through a molecular 
sieve purification column before it is led to the furnace. 
Some of this carrier gas together with the released gases 
from the molten sample is drawn off from the top of the 
furnace by a pump through a filter, oxidation reagent, molecular 
sieve and thermal conductivity cell. In the cell the difference 
in the thermal conductivity between hydrogen and carrier gas 
unbalances the bridge. The output signal produced by this 
imbalance is integrated over a time and forms a measure of 
the gas extracted from the sample. Some of the carrier gas 
escapes through the sample port and prevents air entering the 
furnace. The measured signals are recorded and evaluated by 
the control terminal. In addition to recording the analysis 
signals, the control terminal continuously monitors and controls 
the following operating parameters: Operating voltages, analysis 
temperature, furnace current, conductivity cell temperature, 
gas flow rate, coolant water flow rate etc. If these parameters 
are outside the appropriate limits, control terminal reports 
this by displaying a suitable error message on the screen. 

3.1 Procedure 

A sample upto one gram weight is heated at a 
temperature about 200°C higher than the melting temperature 
of the sample, releasing hydrogen, oxygen and nitrogen 
from the sample. Oxygen reacts with the crucible material 
to from carbon monoxide; which is oxidised in column 
containing oxidising agent to form carbon dioxide and 
subsequently absorbed on molecular sieve. Hydrogen, 
nitrogen along with carrier gas argon is drawn by a 
pump, through a thermal conductivity cell. Nitrogen has 
thermal conductivity nearly equal to that of argon. The 
difference in thermal conductivity of hydrogen and argon 
produces an unbalance in the bridge circuit. This output 
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signal from the cell is integrated over a period of time 
and forms a measure for the quantity of hydrogen extracted 
from the sample. 

3.2 Blank 

To find out blank value the blank determination 
program is called up. An empty crucible is outgassed at 
one hundred degree higher temperature than the analysis 
temperature before the actual analysis, to disregard any 
hydrogen evolved from the curcible material. Minimum number 
of runs for blank determination is two. 

4. CALIBRATION 

The instrument is calibrated with standard samples after 
calling up calibration program, or alternatively with pure 
hydrogen using built-in gas dosing unit. Minimum number of 
runs for calibration is two. Calibration is separately carried 
out for low (0-15ppm) and high U0-150ppm) ranges. From these 
results the microprocessor calculates a sensitivity factor 
and from the sample weight the microprocessor evaluates the 
hydrogen content directly in precentage. 

5. EXPERIMENTAL 

Experimental work was carried out to determine hydrogen 
content of zirconium and its alloys using melt extraction 
under carrier gas stream, initially nitrogen was used as a 
carrier gas in the temperature range of 1750-2300°C. Zirconium 
did not melt in nitrogen atomosphere due to nitride formation. 
Then argon was used as a carrier gas in the temperature range 
of 1750-2050°C. Zirconium melted at about 1800*0. 

Instrument was calibrated with zirconium standard. Effects 
of weight, hydrogen content of standards and samples were 
studied. The results are tabulated in tables 1,2 and 3. 
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6. RESULTS AND DISCUSSION 

Hydrogen analysis of high temperature (2500'C) melting 
metals, by melt extraction under carrier gas stream and thermal 
conductivity measurement, is convenient and fast by STROHLEIN 
H-mat 251 shown in Pig 1. Although the instrument itself 
needs calibration with a standard, the frequency of this 
largely depends upon the nature of other samples run on the 
analyser. It appears from table 1 that optimum analyses 
temperature for zirconium and its alloys is ̂ '2000,C. For 
precise nd accurate determinations it is better to use the 
standard of approximately the same hydro".n content although 
homogenity of the sample is the basic requirement. It appears 
from table 2 that to analyse sample of low hydrogen content 
using high content standard calibration, sample weight should 
be increased. If the thermal conductivity signal exceeds the 
limit of 10 V it is necessary to reduce the sample weight for 
sample with high hydrogen content (>150ppm). This overshooting 
of Signal is due to the evolution of hydrogen from the sample. 
The result of this analysis is invalid. This should be repeated 
with lesser sample weight. However, by reducing the sample 
weight it is possible to extend the analysis to higher hydrogen 
level. 

Using the optimal conditions described the zirconium sponge 
samples were analysed. The results are given in table 3. 
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TABLE-1 

Hydrogen Analysis ot N.B.S. 358 unalloyed zirconium metal standard by melt 
extraction thermal conductivity by varying analysis temperature. 

Sr. Extraction Temp. Determined Hydrogen Relative Standard Reported 
No. (°C) value* Deviation (percent) Value of Hydrogen 

content 

(ppm) ppm 

1. 1750 102.30 ± 8.62 8.42 107.4 ± 1.5 
2. 1800 103.72 ± 5.25 5.06 
3. 1900 101.17 ± 3.19 3.15 
4. 2000 108.45 ± 3.23 2.98 
5. 2050 108.49 t 3.2 2.95 

Relative Standard Deviation. = j6_ x 100. 
x 

*(An average of at least ten determinations was taken). 
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TABLE-2 

Hydrogen analysis of zircaloy 4 (Hydrogen 9pp») by aelt 
extraction therwtl conductivity at 205°C by varying saaple Height. 

Wt. of the sample Hydrogen content* R.S.D. 
(Average) (gn). ppm Percent 

0.404 11.49 ± 2.84 24.72 
0.251 11.95 ± 1.65 13.81 
0.1225 17.87 ± 4 22.38 

•An average of at least nine runs was taken 
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TABLE-3 

Deteraination of hydrogen in 7irconitM sponge by Melt extraction 
at 2050*C. 

S.No. Sample Code Hydrogen Content* 

(PP») 
1. 17 17.78 ± 3.65 
2. 18 18.21 ± 4.18 
3. 19 26.47 ± 2.24 
4. 20 24.19 ± 2.59 
•An average of at least five determinations was taken. 
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F i £ - 1 . 

H-mat 251 for hydrogen analysis 


