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ABSTRACT

An improved method has been developed using inert-gas fusion for determining the
hydrogen content in uranium-niobium-zirconium (U-7.5Nb-2.5Zr) alioy. The method is
applicable to concentrations of hydrogen ranging from 1 - 250 micrograms per gram and
may be adjusted for analysis of greater hydrogen concentrations. Hydrogen is determined
using a hydrogen determinator. The limit of error for a single determination at the
95%-confidence level (at the 3.7-ug/g-hydrogen level) is * 1.4 micrograms per gram
hydrogen.
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SUMMARY

The Leco RH1 Hydrogen Determinator (@) utilizes an inert-gas-fusion technique; hydrogen is
determined by measuring the output of a thermal-conductivity cell.

The sample is fused in an argon atmosphere at high temperature {approximately 1900°C) in
a single-use graphite crucible to release hydrogen and other gases. Argon carries the gases
through a chromatographic column, which separates the hydrogen from other released gases,
into a thermistor cell where hydrogen is determined by thermal conductivity of the gas. The
hydrogen content is read directly in parts per million from an electronic digital voltmeter.

The limit of error at the 95%-confidence level for a single determination of hydrogen in
uranium-niobium-zirconium (U-7.5Nb-2.5Zr) alloy at the 3.7-micrograms-per-gram-
hydrogen level is * 1.4 micrograms per gram hydrogen.

(a) Instruction Manual, RH1 Hydrogen Determinator Models 760-300 and 760-800 (BCD);
Leco Corporation, St. Joseph, Michigan (1974). : '



INTRODUCTION

Since hydrogen in uranium-niobium-zirconium (U-7.5Nb-2.6Zr) alloy tends to embrittle
the alloy, it is necessary to establish a fast and accurate method for determining the
hydrogen content.

Previous procedures using a thermal-diffusion. technique required elapsed times up to one
hour for the determination of hydrogen content in one aliquant. At the Oak Ridge Y-12
Plant,(b) a new instrument with an inert-gas-fusion technique is used. The hydrogen
percentage of a single aliquant is determined in approximately two minutes with the faster
and more reliable method of analysis. :

(b) Qperated by the Union Carbide Corporation’s Nuclear Division tor the Department of
Energy. :



RESOLUTION OF HYDROGEN IN URANIUM-NIOBIUM-ZIRCONIUM ALLOY
GENERAL PROCEDURE

Hydrogen is determined in uranium-niobium-zirconium (U-7.56Nb-2.5Zr) alloy using a Leco
Model RH1 Hydrogen Determinator. The determinator utilizes an inert-gas-fusion
technique, whereby the sample is fused in an argon atmosphere at a high temperature
(~ 1900°C) inside a single-use graphite crucible to release hydrogen and other gases. Argon
carries the released- gases through a chromatographic column (where hydrogen is separated
from the remaining gases) into a thermistor cell. There, hydrogen is determined by thermal
conductivity; and hydrogen content is read directly in parts per million from an electronic
voltmeter. The limit of error for a single hydrogen determination in a National Bureau of
Standards (NBS) titanium standard at the 95%-confidence level is 2 micrograms per gram at
32-micrograms-per-gram-hydrogen level.

REAGENTS
The following reagents are required in this general procedure:

Acetone (reagent grade)

Magnesium perchlorate (réagent grade)

Argon (high-purity gas, 99.997%)

Ascarite(€) [sodium hydroxide {NaH) on asbestos]
Nickel shot

Schutze reagent (Leco 761-747 or equivalent)
Standards (hydrogen in titanium)

NBS Hydrogen~
Standards (ng/g)
352 . 32
353 98
354 215

Tin, flux (Leco 761-739 or equivalent)
EQUIPMENT
The following equipment is utilized in this procedure:

Balance, analytical
Capsules, tin (Leco 501-059 or equivalent)

(c) Arthur H. Thomas Company, Philadelphia, Pennsylvania.



Crucibles, carbon (Leco 760-414 or equivalent)
Cutter, sample
Determinator, Leco RH1 Hydrogen Determinator, Model 760-300, Figure 1
Files, taper (6-inch length)
mill (10-inch length)
Forceps, stainless steel with platinum tips

Glass wool (Leco 501-081 or equivalent)
FTUNCTIONS AND PREPARATION OF EQUIPMENT
Function of the Hydrogen Determinator Components

The Leco RH1 Hydrogen Determinator consists of three basic components; the impulse
furnace, the reagent system, and the analytical integration system (Figure 1).

1. The impulse furnace heats the sample and crucible to approximately 1900°C. The
furnace is connected to a sample-loading head and to the analytical section through the
reagent system.

2. The reagent system transfers the gases liberated from the sample in the crucible to the
analytical section where hydrogen is determined. The gases released (primarily hydrogen,
nitrogen, and oxygen) pass through a dust filter before entering the reagent columns.
Nitrogen and oxygen are separated from hydrogen before it enters the thermal
conductivity cell for measurement. Oxygen (liberated from the sample) is converted to
carbon monoxide (CO) by carbon from the graphite crucible. The CO is oxidized to
carbon dioxide (CO2) in a column of Schutze reagent without oxidizing hydrogen to
water. The CO» is then trapped in a column of Ascarite (NaOH over asbestos). A column
of magnesium-perchlorate [Mg(ClO4)7] traps the water formed and removes it from the
hydrogen gas. When the Schutze reagent becomes depleted, there Is a change in color
from yellow to dark brown. Depletion of Ascarite is indicated by a damp area. Nitrogen
is separated from hydrogen in a molecular-sieve chromatographic column. Hydrogen gas
is eluted first, then nitrogen is eluted approximately 2 minutes later.

3. The analytical integration system measures the amount of hydrogen in the sample. When
the hydrogen enters the measuring cell of the thermistor bridge, the bridge output is
integrated and displayed directly as total micrograms of hydrogen per sample on an
electronic voltmeter.

Function of Hydrogen Determinator Controls

1. Power On Switch controls electrical power to the determinator. This switch should be
left on at all times except for required electrical maintenance.



Schutze Reagent — Ascarite & Magnesium Perchlorate (measure flow)
Dust Trap ~DVM Test Jack
0 - 50c Gas Dose
Cavity Thermometer DVM
Loading Head Handle / DVM Zero Adjust

Curcible
Current Meter

Loading

Reiat
Head Port scarite

Loading
Head Plunger ——

Electronic Drawer

Reset Switch &

Upper Electrode
Indicator Light -

[ Slope Pot {inside housing)

Power-On Switch /—Blank Pot
& Indicator Light—\
Hydrogen Calibration Lower Electrode

' Purifying Tubes

Switch & Indicator Light ~_| Copper Oxide

i Heater
Argon-Gas-Blanket o e
Switch & Indicator Light — ;
TS Measure .
Weight Compensator Switches: | g Flow Controller — Magnesium

Perchlorate
0.8 - 1.0 Gram Switch —

0.01 Gram Switch — ] /—Hydrogen Switch &

o Indicator Light

0.001 Gram Switch —
Standby Switch & Indicator Light —]

Argon Inlet

—— DVM Hold Switch {purge)

Argon Purge Switch & Indicator Light — & Indicator Light

Argon Outgas Switch & Indicator Light—]

Analyze Switch & Indicator Light—"] -~— Recorder Jack

: . 3 Oven Indicator
Function-Select Switch UDrawer Fastener Light
Furnace Handle

(shown closed) —

Argon Reference
Flow Controller

Electronic Drawer

Oven Compartment

Function Adjust
Panel (behind door)

Measure Flow Rotometer
Argon Measure Flow Controller

Argon Purge Pressure Adjust LReference Flow Rotometer

Figure 1. LECO RH1 HYDROGEN DETERMINATOR.



10.

1.
12.
1‘;3;
1‘4.
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17.

18.

Crucible Current Meter indicates the amount of electrical current being delivered to the
crucible during ignition.

Hydrogen Digital-Voltmeter Switch controls electrical power to the hydrogen digital

voltmeter.

Standby Switch controis electrical power to de-energize solenoid for shutdown
procedure. ’

Purge Switch controls Leco RH1 argon purge during sample and crucible loading.

Outgas Switch controls Leco RH1 argon outgas after sample and crucible loading;
controls furnace outgassing of crucible. '

Analyze Switch controls electrical power used to heat crucible and sample in furnace.

Hydrogen Switch controls electrical power used to integrate total hydrogén and to
record on hydrogen voltmeter.

Function-Select Switch selects the proper mode, operational or checkout.
Digital-Voltmeter-Test Jack is for function-adjust panel for electronic checkout.

Argon Purge-Flow Needle Valve controls argon flow to purge system. This valve is
normally adjusted to 15 £ 1 psi on pressure gage located inside the electronics drawer.

Argon Measure-Flow Controller controls the argon flow to the measure system. This

valve is normally adjusted for a reading of 150 on the measure flow rotometer.

Argon Reference-Flow Controller controls the argon flow to the reference system. This
valve is normally adjusted for a reading of 80 on the reference rotometér.

Argon Control Regulator is mounted on‘an argon cylinder and controls the flow of
argon into the hydrogen determinator. Adjust the regulator for 40 psi.

Argon-Blanket Indicator Switch controls argon flow to the sample in loading head.

Argon blanket control switch should be off when the instrument i$ operated normally.

Reset Switch controls outgas cycle without heating the crucible. Do not activate reset
switch in normal operation. '

Digital-Voltmeter Hold (DVM Hold) Switch controls retention of hydrogen reading on
digital voltmeter. The digital voltmeter should be on when the instrument:js operated.

Weight Compensator Switch should be set an 1 for this procedure.
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Preparation of Hydrogen Determinator Equipment

1. Coolant Circulator. Check the water supply to the coolant circulator to ensure water
supply is available.

Energize the coolant circulator power switch.

2. Hydrogen Determinator.”Change glass-wool dust trap at the beginning of each operative
day.

Change Schutze reagent, Ascarite, and [Mg(ClIO4)2] in the tubes as needed.
DVM hold switch must be on.

Function select switch must be in the operate position.

The two circuit breakers located on the rear of the determinator must be on.
The standby indicator must be green.

The gaé blanket indicator must be off.

The furnace must be empty and closed.

The oven indicator must be cycling on and off, and the oven temperature must be
approximately 45°C.

The argon regulator must be set for 40 psi by turning the argon-cylinder valve in a
counterclockwise direction and the gas-regulator valve in a clockwise direction.

The measure flow must indicate an approximate flow scale reading of 150.

. The reference flow must indicate an approximate flow scale reading of 80.

3. Instrument Start-Up. Open the furnace by pulling the furnace handle upward. The purge
indicatqr will turn white, and the standby indicator will deactivate.

Inspect the interior of the upper electrode cavity with a mirror and a light to ensure the
system is free from deposits. Clean the electrode with a metal-bristle brush and cleansing
tissue. : :

Inspect the lower electrode. The bottom center of the lower cup must be free from all
sample metal or graphite particles. Clean the electrode with a metal-bristle brush and
cleansing tissue. .

Add approximately one gram of tin discs and approximately one grarn of nickel shot to
each crucible to be used in this analysis. (These crucibles may be prepared in advance.) In
order not to contaminate the crucible when placing it on the lower electrode assembly,
handle it with forceps.

Close the furnace by depressing the furnace handle. The purge indicator will turn green.

“ The furnace must be kept closed ‘at all times except when cleaning the interior of the
furnace or loading the crucible.

The furnace must be thoroughly cleaned before each aliquant.

The hydrogen determinator .is now ready for calibration.
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4, Calibration of RH1 Hydrogen Determinator.

(a)

(b)

Determination of Hydrogen Crucible Blank.

Depress the outgas switch. The outgas indicator will be white during the outgas
period, and the purge indicator will be off.

The crucible-current value is indicated on the furnace power meter; and during
outgas, the meter should indicate 600 to 800 amperes.

When the outgas indicator turns green, rotate the loading-head handle 180°
counterclockwise to the down position. This simulates the drop of a sample or blank
into the carbon crucible.

Depress the analyze switch. The outgas indicator will deactivate, and the analyze
indicator will turn white.

When the hydrogen indicator turns green, the value of hydrogen will be displayed on
the digital voltmeter,

Open the furnace by raising the furnace handle which releases the lower electrode.
Remove the crucible usmg forceps, and clean the furnace with a copper brush and
cleansing tissues.

The blank for hydrogen must read O or 1 on the digital voltmeter.

If the blank does not fall in the required limits after two determinations, adjust the
blank-pot potentiometer for hydrogen while the hydrogen indicator is white in order
to maintain all zeroes on the di'gital voltmeter. Do not attempt to adjust the
hydrogen blank after the hydrogen indicator turns green.

Run the tin capsule blank after loading a folded, tin capsule blank in the Ioadlng
head. .

Calibration Using NBS Reference Materials.

Degrease NBS standards in acetone, dry, weigh on an analytical balance, and record
the weight of each standard. Analyze the NBS standards as in Table 1. ‘

Table 1

NATIONAL BUREAU OF STANDARDS
HYDROGEN DETERMINATION
REFERENCE MATERIALS

NBS Hydrogen Hydrogen Limits

Standard (%) ug/g Sample (ug)
353 0.0098 98 + 10

352 0.0032 32 t 3

Open the sample-loading head by pulling the cylinder handle to the right and placing
an NBS standard in the sample cavity. Close the loading head by pushing the
cylinder to the left,

Proceed with each standard.
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Calculate the standard values using the following equation:

CHo - CHo blank

MH2 =
W
where:

MHo = micrograms of hydrogen per gram of standard,

CHop = hydrogen counts for the standard,

CHp blank = hydrogen counts for the hydrogen blank, and
W = weight of the standard in grams.

If the standard values do not fall within the specified limits after two determinations
of the first standard, adjust the correct values by adjusting the slope-pot
potentiometer.

Repeat the procedure for the next standard. If the slope-pot potentiometer has to be
adjusted to meet the prescribed limits, then analyze the first standard until all
standards are within the prescribed limits without further adjustment of the
slope-pot potentiometer.

Proceed with the analysis of unknown samples for hydrogen.
ANALYTICAL PROCEDURE
Sample Preparation
Remove all surface scale and oxidation from the U-7.5Nb-2.5Zr by abrading metal sample
with a file. Do not subject the sample to excessive heat during preparation. Cut the sample
into small pieces with a sample cutter. A solid-metal sample aliquant should be no greater
than a 1/4-inch cube.

Rinse the sample in acetone and dry.

Store the sample in a glass screw-cap bottle. NOTE: Prepare the sample immediately before
analysis.

Weigh duplicate aliquants of =~ 0.2 gram each, and store in labeled sample vials for analysis.
Sample Analysis
Place a prepared sample in the sample-loading head of the furnace.

Repeat steps in the “‘Determination of Hydrogen Crucible Blank’’ for the analysis. [See 4.(a)
on Page 11 in this report.] ’

Repeat the preceding steps until all the prepared samples are analyzed.
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Preparation of Instrument for Standby

Using handle, open the furnace which releases the lower electrode. Remove the crucible
with forceps, and clean the furnace with a copper brush and cleansing tissues.

Close the furnace and push the standby switch. The light will glow green indicating that the
instrument is in standby.

Turn off the electrical switch to the coolant circulator.

Turn off the argon supply by turning the cylinder valve clockwise until valve is completely
closed.

Hydrogen Calculation

Calculate the micrograms of hydrogen per gram of sample in the unknown sample by using
the following equation:

Cy_ - Cy_ blank
MH _ H2 H2 an
2 W

where:

MHo = micrograms of hydrogen per gram of sample,

CHop = hydrogen counts for the sample, A

CHo blank = hydrogen counts for the hydrogen blank, and
W = weight of the sample in grams.

RESULTS
Precision of Results

A series of aliquants were analyzed to evaluate the precision of a 32-ug/g-hydrogen standard.
At the 95%-confidence level, the limit of error for a single determination is 2 ug/g for
hydrogen at the 32-ug/g-hydrogen level.

The U-7.6Nb-2.5Zr alloy was analyzed 26 times for hydrogen, resulting in a hydrogen value
of 3.7 ug/g. The limit of error at the 95%-confidence level for a single determination at the
3.7-uyly level is £ 1.4 ugly.
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