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I. GRAVIMETRIC URANIUM ANALYSIS

A. Basis

The determination of uranium by the gravimetric technique is
widely used in the industry. In our experience, it is the most pre-
cise and easiest to use method for the determination of uranium.

B. Theory

Pre-weighed uranium dioxide samples are oxidized to U3O8 in air
at 900° ± 25°C. The method is not specific for uranium and correc-
tions must be made for impurities. Differences in atomic weights also
require corrections. The basic chemical reaction that takes place is

U3O8 is a stoichiometric compound and the percent uranium can be cal-
culated by using the appropriate gravimetric factors and corrections.

1. Procedure. Figure 1 lists the basic analytical steps in
this technique. The figure is self-explanatory and utilizes basic
good laboratory practices, as required by any accurate gravimetric
technique.

2. Calculations. Figure 2 shows the basic calculations used
in these analysis. The calculation is self-explanatory. You will

1. WEIGH SAMPLE INTO FIRED CRUCIBLES WHICH HAVE BEEN COOLED AND
STORED IN A DESICCATOR. FIVE TO TEN GRAMS ARE OPTIMUM.

2. IGNITE SAMPLE IN A MUFFLE FURNACE AT 900 ± 25° FOR A MINIMUM OF
FOUR HOURS (CONSTANT WEIGHT)

3. COOL IN A DESICCATOR AND RE-WEIGH

4. U3O8 I S A STOICHIOMETRIC COMPOUND AND CAN BE USED TO CALCULATE
THE PERCENT URANIUM. THE METHOD IS VERY ACCURATE IF APPROPRIATE
CORRECTIONS ARE MADE.

P-™ y.o 1 Basic Analytical Steps (similar to
figure x. ftgTM Q^s paragraphs 14-22)
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Wo = WEIGHT U~00 AFTER IGNITION
L JO

Wj = WEIGHT OF SAMPLE TAKEN

I = NON-VOLATILE IMPURITY OXIDES EXPRESSED
1 AS PARTS OXIDE PER MILLION PARTS U3Og

Figure 2. Calculations

note that the weight of ignited sample is corrected for the weight of
non-volatile impurity oxides to give the "true" weight of U3O8.

3. Corrections. As noted earlier, corrections must be made for
impurity and isotopic content. These are discussed in the following.

a. Impurity Corrections. Non-volatile impurities in the UO2
will be converted to higher oxides during the ignition step. The
impurity content of each element is determined, usually by Emission
Spectroscopy. Appropriate factors are applied to convert the weight
of the element's oxide to the weight of the ignited sample, U3O8.
This is an important step for accurate work.

The effect of not correcting for impurities is shown in Figure 3.
For the sake of this discussion, assume a UO2 sample has only iron as
an impurity, at the concentration shown. During reduction to UO2, the
iron is present as FeO. During oxidation, it is converted to Fe2O3«
If no corrections are made for this impurity, the error will be as
shown, with the results being reported high. It is obvious that at
higher levels, the bias becomes significant.

b. Isotopic Corrections. A smaller bias can be introduced if
corrections are not made for differences in atomic weight caused by
differences in enrichment or 235y content.

Figure 4 shows the errors that will be introduced if the gravi-
metric factor is based upon the atomic weight of "natural" uranium—
commonly called a reference book factor.

In this figure, it is assumed there is no 236y and the 234y
remains constant over the range of 235JJ contents shown. In actual
practice, this would not be the case; however, for the sake of illustra-
tion, it is acceptable.
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ASSUME A SAMPLE OF U02 WITH ONLY IRON AS AN IMPURITY.
ERRORS INTRODUCED BY NOT CORRECTING FOR IRON CONTENT
ARE AS SHOWN.
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Figure 3.
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URANIUM
CONTENT

88.143

88.138

88.126

88.092

88.036

87.922

Effect of

"INDICATED"
URANIUM
CONTENT

88.150

88.150

88.151

88.153

88.157

88.165

Not Correcting

% ERROR

0.008

0.014

0.028

0.069

0.137

0.276
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Uranium Analysis for Impurities
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99.7947

99.2837

98.0047

94.9947

89.9947

79.9947

69.9947

59.9947

49.9947

24.9947

9.9947

4.9947

ATOMIC
WEIGHT

238.044

238.029

238.020

237.898

237.746

237.443

237.140

236.839

236.538

235.788

235.341

235.192

GRAVIMETRIC
FACTOR

0.848010

a 848001

0.847997

0.847931

0.847848

0.847683

0.847519

0.847354

0.847190

0.846778

0.846532

0.846450

%FROM
"NATURAL"*

0.0011

0

-0.0005

-0.0083

-0.0180

-0.0374

-0.0569

-0.0763

-0.0957

-0.1442

-0.1732

-0.1829

*NOTE: ASSUME A SAMPLE WITH A 2 3 5U CONTENT, I, IS CALCULATED USING A
REFERENCE BOOK OR "NATURAL URANIUM" GRAVIMETRIC FACTOR. THE
ABOVE ERRORS WOULD APPLY WITH NEGATIVE VALUES, GIVING A
POSITIVE BIAS, AND CONVERSELY.

Figure 4. Gravimetric Factor as a Function of 235u Content
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Note that the errors are listed as percent from natural, and
almost all are negative values. The negative value will result in a
positive bias. Positive values will result in a negative bias.

C. Equipment Needed

The following equipment is required for the analysis. Note that
except for the crucibles being a specified type, the equipment is that
normally found in a laboratory.
1. Analytical balance (0.1 mg sensitivity)
2. Platner mortar
3. Muffle furnace
4. Crucibles

a. Quartz or Vicor
b. Platinum

5. Desiccator

II. ISOTOPIC ANALYSIS

h: Introduction

Isotopic analysis is a very important part of a safeguards pro-
gram. Weights and percent uranium analysis are both essentially
"blind" to isotopic content. That is, a substitution of low enriched
uranium for a high enriched material can only be detected by isotopic
analysis. There are three techniques used to determine the isotopic
content. These are:

1. Emission Spectrometry. isotopes have a slightly different
emission spectra than the principal element. By going to high orders
of refraction there is sufficient resolution of the spectral lines so
that the spectra can be evaluated. The intensities of the spectral
lines are related to standards and can be used to measure the 235u;

content.

2. Gamma Counting. Gamma counting can be done by a passive sys-
tem counting the gamma emitted by the 235u. in some cases an active
system, in which the 235y is activated with neutrons and the more ener-
getic daughters are counted, is also used. The best results are
obtained when the weight of uranium in the samples and standards is
carefully controlled.

3. Mass Spectrometry. We use mass spectrometry to perform iso-
topic analyses. In my experience, this is the most accurate method of
analysis. It is also the most expensive. The remainder of this dis-
cussion will be directed to this type of analysis.

B. Instrumentation

There are two types of mass spectrometers routinely used in the
industry. One is commonly called a Gas Instrument and is used for
analysis of UFg. The second is a Thermal (or Surface) Ionization
Instrument. A brief discussion of these instruments will illustrate
the differences.

1. Gas Instrument. This instrument is designed to analyze UFg
gas only. The sample is introduced as UF6 gas. The rate of gas flow
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is regulated by a "leak" and vapor pressure from a frozen sample. A
typical technique uses double standards, one lower than the enrichment
being measured and one higher. With double standards, the analyses
are very precise^ and accurate.

As a rule, only 2 3 5u and 238u a r e measured. Minor isotopes are
not. Analyses are restricted to gaseous samples. Plutonium and most
other elements cannot be analyzed. These instruments have a potential
memory problem. That is, there can be interferences from previously
analyzed samples. Because of the instrument design, a larger sample
size is required than for a thermal instrument.

2. Thermal Ionization. A thermal instrument is much more ver-
satile than a gas one. Typically a sample is dissolved and dried on
the instrument's filaments. This makes it possible to perform what-
ever chemical purification steps are necessary to have the sample in
the optimum form. Sample form is, therefore, not an important con-
sideration provided it can be dissolved.

In addition, the instrument can be used for analyses of other
materials. We have analyzed boron and gadolinium with our instrument.
In the past, I have analyzed plutonium with similar instruments.

Memory problems are minimal with thee instruments and minor iso-
topes can be analyzed with the major ones. Very small samples are
analyzed which reduces the requirement for radiological control.

A mass spectrometer measures masses only. It cannot differenti-
ate between elements with the same mass. For example, the
hexapotasium—39 polymer has a mass of 234 and can interfere with
234JJ measurements. In some cases, chemical purification is required
to eliminate interferences.

C. Theory

Figure 5 is the mathematical formula that describes the flight
of an ion through a magnetic field. The equation is commonly called
the focusing equation for mass spectrometry. Note that if the radius
of curvature and accelerating voltage are held constant and the mag-
netic strength varied, a different mass to charge is brought into
focus. This phenomena is used to "scan" a sample. Masses 238
through 234 and then 234 through 238 are routinely scanned by changing
the magnetic strength. (Any mass range can be scanned.)

Figure 6 is a schematic drawing of a mass spectrometer. An ion
is accelerated through a magnetic field where it is bent proportional
to its mass, acceleration, and the strength of the magnet. This is
illustrated in the right hand section of the figure. Mass 238 is
focused to enter the defining slit. As the magnet strength is
decreased, masses 236, 235, and 234 will enter the defining slit and
be recorded.

Figure 7 is a typical down-mass/up-mass scan. The headings over
each peak identify the mass and the attenuator setting. For example,
mass 238 indicates an attenuator setting of 30 volts full scale. The
peak is approximately 63% of full scale, so the voltage being measured
is 0.63 x 30, or 18.9 volts.
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V = ACCELERATING VOLTAGE

Figure 5. Mass Spectrometer Focusing Equation
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Figure 6. Mass Spectrometer Schematic

The scans in this figure are made on a U + ion beam. Note that
there is no peak indicated at mass 237. This is because 237JJ ^as a
halflife of 6.75 days. In about two months, any 2 3 7U would be decayed
to essentially nothing.

Figure 8 is a mass spectrometer scan that shows a peak at
mass 237. This arises because the scan was made on a U0 + ion beam.
The peak at the mass 238 is really at mass 254 and is a combination of
238y and ^0. The following table illustrates various combinations of
isotopes that can occur if the oxide peak is used. If not carefully
controlled, apparent masses from UO+ ions can result in erroneous
conclusions.
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Figure 7. Typical Mass Spectrometer Scan

Figure 8. Scan Made Using UO+ Ion (note 237U}
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160
170
180

Effect

Percent
Oxygen

99.758

0.038

0.204

of

234a

250

251

252

Oxygen Isotopes

235U

251

252

253

2 3 6u

252

253

254

238O

254

255

256

The apparent peak at mass 237 is really a combination of
235y + 18o, and to a much lesser degree, 23ou + 17o. This illustrates
the reason most spectroscopists favor using the U+ ion beam. Calcula-
tions are significantly simplified, and some uncertainty is removed
from the analysis. This problem is not encountered with a UFg instru-
ment because fluorine has only one stable isotope.

D. Instrument Description

Figure 9 lists the basic description of our instrument. Some
specific points in this description are discussed in the following:

1. Typical Instrument. The instrument has a 15-in. (38.1-cm)
radius. A typical instrument uses a 12-in. (30.4-cm radius). In the
focusing equation the radius is a squared term, so by going to a
larger radius, an improvement in resolution is obtained.

2. Triple Filament Mount. Figure 10 is a photograph of the
sample and ionizing filaments mounted on a sample "hat." The sample
is mounted on the side filaments and dried. The center or bottom
filament is used for ionizing the sample. The sample filaments can be
operated at a lower temperature than the ionizing filament to prolong
sample life.

NUCLIDESU INSTRUMENT

90° SECTOR MAGNET

15 INCH (38.1 CM) RADIUS OF CURVATURE

20 STAGE ELECTRON MULTIPLIER

108, 109, 1011 OHM INPUT RESISTORS

VIBRATING REED ELECTROMETER

STRIP CHART RECORDER

MAGNETIC SCANNING

TRIPLE FILAMENT MOUNT - RHENIUM OR
TANTALUM

VACUUM LOCK

VACUUM ION PUMPS

Figure 9. Mass Spectrometer Description
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Figure 10. Mass Spectrometer Filaments

The uranium ion that is produced is a function of the ionization
filament temperature. Up to a point, the higher the temperature, the
more predominant the U+ ion. In round numbers, we operate the ioniza-
tion filaments at approximately 2000°C and the sample filaments at
approximately 1500°C.

3. Source. The "hat" and sample filaments are attached to the
source which is shown in Figure 11. The filaments and "hat" attach
to the plate identified as J-l. This operates at the accelerating
voltage (approximately 9 KV).

Plate J-2 is called the draw out plate. It can be at the same
potential as J-l or slightly negative to "pull out" the U + ions.

Plate J-3 is a de-focus plate. This limits ionization to that
from the ionizai-ion filament. Any ionization from the sample filament
is eliminated.

Plates J-4 and J-5 are in reality a split plate. The potential
on the plates can be equal or positive or negative in relation to each
other. The variable potential is used to steer the ion beam to the
most optimum signal. With this source we get a very clean ion beam.

4. Electron Multiplier. Figure 12 is a schematic drawing of
our electron multiplier. It is a twenty-stage multiplier, and we get
approximately a 10° gain in signal by using it. Its use makes it
possible to analyze small samples.

E. Calibration

The mass spectrometer is calibrated against National Bureau of
Standards isotopic special reference materials. This calibration is
commonly called a mass discrimination, or multiplier discrimination



J-4

J-3

1-2

J-l

Figure 11. Source (exploded view)

factor (MDF). It is needed when an electron multiplier is used. This
is because different masses have a different effect upon the multi-
plier. If you imagine the different masses have different kinetic
energy (Ke = 1/2 MV2) you can see how a lighter mass has less effect
on producing secondary electrons than a heavier one. The MDF corrects
for this, as well as other effects.

F. Calculations

Figure 13 is an illustration of how data are recorded. Each
horizontal line represents an up-mass/down-mass scan. Voltage ratios
of each isotope to the 238y voltage are calculated for each scan. The
average ratios of these are identified as R 48, R 58, R 68, for
the 234, 235, and 236 voltage ratio to the 238.

The final isotopic ratios are corrected for mass discrimination
as follows:

R1 = R

where R = Average ratio for each isotope/238
AM = Differences in mass, e.g., 238 - 235
M = 238

MDF = Multiplier Discrimination Factor.
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Figure 12. Electron Multiplier

Calculate the relative atom and mass percent for all isotopes as
follows:

A = 100 R\ R48 + R58 + R6868j

B = 100 M R1/ [238.05 + 234.04 R£g + 235.04 R£g + 236.05 R^

where: A = Atom percent of a given isotope
B = Mass percent of a given isotope
M = Nuclidic mass of a given isotope

III. FLUORIMETRIC ANALYSIS

A. Introduction

The observation of the phenomena of fluorescence dates back to
the 16th century, but was first seriously studied by Herschel in 1845
and Sir David Brewster in 1846. About 1852, Sir J. J. Stokes estab-
lished the general law that fluorescent radiations are always of
longer wavelength than those exciting them. He also gave the phe-
nomena its present name.
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EJgON NUCLEAR COMPANY, Inc.

MASS SPECTROMETER LAB
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Figure 13. Mass Spec. Data Recording

Fluorescence represents the return of an optically excited mole-
cule to lower electronic state by the emission of radiation. It is a
luminescence produced by a substance when excited by a relatively high
energy source.

Fluorometric Analysis of uranium consists of exciting a solid
sample,,-fused with sodium fluoride, with a primary radiation close to
the maximum absorption wavelength of the substance being examined,
isolating the resulting fluorescent radiation, and measuring it with a
suitable detector.

B^ Principle. Uranyl salts fluoresce with a characteristic
yellow-green light when excited by ultraviolet radiation. The visible
fluorescence is a maximum in the region of 5550 %., while the most
efficient exciting region is about 3550 %.. These two properties,
excitation region and visible fluorescence region, are quite specific
for uranium. The fluorescence is intensified by fusing the uranium
with a sodium fluoride-lithium fluoride flux (2% LiF).

In the fused sodium fluoride lattice, it is possible to detect
the presence of as little as 0.001 microgram of uranium. In addition,
the total fluorescent produced is a linear function of the amount of
uranium present.

These three properties—specific excitation and fluorescence
regions, linear dependence, and extreme sensitivity—make possible the
quantitative determination of uranium on a microgram scale. The ana-
lytical procedure used consists of fusing the uranium with a fixed
amount of sodium fluoride-lithium fluoride, in a platinum dish and
measuring the total fluorescence of the flux and dish when excited by
ultraviolet light.
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SL: Specificity. Foreign substances that produce a measureable
luminescence at 5S5U A limit the specificity of. the method. As yet,
no element other than uranium has been found to give a detectable
luminescence^) in high sodium fluoride fluxes (>90% NaF) under the
same conditions of excitation (3550 A) that are optimum for uranium
fluorescence.(b)

Quenching. Serious interference is caused by other com-
ipounds that decrease the fluorescence of uranium. This effect is

called quenching and substances causing quenching are called
quenchers. Quenching is believed to be due mainly to the absorption
of light by the quenching material. Substances that cause quenching
include Fef Caf Cr, Co, Cu, Mg, Mn, Ni, Pb, Pt, Pu, Si, Zn, and HNO3.
Freedom from quenching is expressed as <j>, which is defined as the
ratio of fluorescence found in a particular case to the fluorescence
given by the same amount of uranium in some arbitrarily chosen stan-
dard conditions in which quenching is low. Values of <f> for various
quenchers, quencher concentrations, fluxes, and uranium concentrations
are given in Figures 14 and 15.

As demonstrated by the data, <j> is proportional to the quantity
of quencher present and is independent of the amount of uranium

QUENCHER

Cr
HNO3
HNO3
Th
Mn
Fe

AMOUNT lug)

10
25,000
15,000
2,000
2,000
2,200

<t>

0.33
0.69
0,54
0.42
0.20
0.15

(1) THE QUANTITY OF QUENCHER PRESENT WHICH
REDUCES THE FLOURESCENCE OF0.4ug OF URANIUM
TO THE GIVEN 0 VALUES IN A PURE SODIUM FLUORIDE
FLUX WITH A TOTAL WEIGHT OF 0.4 ± 0.05 Mg.

aUORESCENT READING OF 0.4uq U + QUENCHER
W ' FLUORESCENT READING OF 0 .4ngU ALONE

PRICE, G., R. FERRETTI, AND S. SCHWARTZ. "THE
FLUOR I METRIC DETERMINATION OF URANIUM,"
ANAL. CHEM. 25: 322. 1953.

Figure 14. Quenching of Uranium Fluorescence in Pure
Sodium Fluoride Flux

(a) Luminescence, used in the sense of photoluminescence, is the prop-
erty of emitting light as a result of the absorption of light

I energy, either during absorption (fluorescence) or an appreciable
\ time after (phosphorescence).
,[ (b) Fluorescence is the property of emitting radiation as a result of,
( and only during, the absorption of radiation from some other
I source.
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A I, Bi, Ca, Cr,
Pb. Mg

CHROMIUM

MIXED QUENCHER,
CONSTANT U

1 10 100

Hg QUENCHER PER DISH

RELATION BETWEEN d> AND AMOUNT OF QUENCHER

Figure 15. Quenching in Pure NaF

1000

present. Because of these properties, there are two methods of cor-
recting the quenching effect without the necessity of a chemical sepa-
ration. The first is by diluting the sample to a point where the
amount of quencher is negligible. This technique is generally used
only for moderately concentrated uranium solutions to avoid blank
effects at near the uranium detection limit. The second technique,
which has more general application, consists of "spiking" or adding a
known amount of uranium as an internal standard. Since the "spike" is
quenched to the same degree as the sample, the quenching effect can be
accurately corrected.

E. Flux, Fusion, and Fusion Vessels. T o achieve the greatest
intensification of the fluorescence of uranyl salts, sodium fluoride-
lithium fluoride fluxes are employed. Sodium fluoride fluxes are
characterized by high melting points (^1QOO°C) and the formation of
transparent melts.

Fusion of the flux and uranium mixture is accomplished by melting
the mixture in a platinum dish with a specially designed multiple
Merker Burner assembly. This unit is programmed to fuse and anneal
the melts. With this method of melt preparation, reproducible results
are obtained. Figure 16 is a photograph of the fusion unit.

The composition of the atmosphere to which the flux is exposed
while molten greatly affects the reproducibility. Pure sodium
fluoride-uranium melts fused in carbon dioxide are non-fluorescent.
Fusion in an inert atmosphere such as nitrogen, helium, or argon
produces normal fluorescence. Sodium fluoride fluxes attack platinum
when fused in high oxygen (.>90% by volume) atmospheres. Ordinary air
atmosphere fusions produce normal fluorescence and are used for con-
trol laboratory application.
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Figure 16. Fusing Apparatus

The flux should remain molten long enough to allow the uranium to
e uniformly distributed in the flux and yet keep dish corrosion to a
inimum, since quenching by dissolved platinum can be a major source
f error. The duration of fusion depends upon the temperature. Typi-
ally, fusion times run approximately two minutes.

Various types of melt crystals with correspondingly different
luorescent properties are produced by different methods of cooling
he molten flux. Rapid cooling of the melt can produce a fractured
rystal, while annealing or slow cooling produces a more uniform sur-
ace and more transparent crystals. Lithium fluoride-sodium fluoride
luxes are not as subject to this phenomenon as the pure sodium fluor-
de fluxes. By using a consistant cooling method, reproducible
esults are achieved. Figure 17 is a photograph of the platinum
ishes and flux pellet-forming tool.

'j. Melt Stability—Blank Rise. High fluoride fused fluxes
ncrease in fluorescence upon standing in moist air. The absorption
f water vapor produces a faint luminescence in the fused flux itself
hat is apparently due to the presence of water vapor as an activating
mpurity. This phenomenon is called "blank rise." This necessitates
he use of desiccators or the immediate measurement of fluorescence
fter fusion. This effect is generally only important in very low-
evel work, but its effect should be tested in any laboratory doing
he work.

With a reflection fluorimeter, the fluorescence of the melt is
easured fom the same melt surface that is irradiated with ultraviolet
ight. The instrument employs a mercury lamp as an ultraviolet source
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Figure 17. Sample Dish—Pellet Tool

phototubes to measure the fluorescence, and filters to isolate the
ultraviolet and fluorescence regions. Schematic arrangements of the
system are shown in Figure 18.

G. Conversion of Measured Fluorescence to Uranium Concentra-
tion. Two general methods are used to convert the fluorescent reading
to uranium concentration. The first depends upon a calibration curve
of the particular fluorimeter versus uranium content. This technique
is used only when it can be safely assumed that the unknown melt con-
tains no foreign elements which either enhance or decrease the fluo-
rescence of uranium.

Where large quantities of foreign ions which reduce or enhance
the fluorescence of uranium are present, the second method, called the
"spike" or "internal standard" method, is used. In this method, a
known amount of uranium is added to the sample melt and the calcula-
tion is made on the basis that the fluorescence is a linear function
of the uranium content. This is the routine method in our laboratory.

Chemical separations can also be made to remove the quenchers,
but this is not the preferred method, because of the time involved and
the potential error from non-quantitative transfers of the uranium.
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SECONDARY LIGHT
PHOTOTUBE

55O0A FILTER .
(YELLOW-GREEN)

PRIMARY LIGHT
UV LIGHT SOURCE

355OA FILTER
(ULTRAVIOLET)

SAMPLE DISH

, NOTE: ANGLES OF INC I DENT AND REFLECTED LIGHT ACCENTUATED
FOR CLARITY

Figure 18. Fluorimeter Schematic

H. Procedure. The analytical procedure is very straight for-

ward and consists of the following steps:
1. Acidify sample as required
2. Make dilution as required
3. Determine blank
4. Add sample to NaF flux
5. Fuse sample and flux
6. Measure fluorescence
7. Add spike and dry
8. Fuse
9. Measure fluorescence

Step one is especially important for samples that contain particulate
uranium material.

I. Calculations. The concentration of uranium in the samples
_
on a volumetric basis is determined as follows:

(Fg-Fb)(dF)(SVs)(ml of Spike Mounted)
yg/ml Uranium = (F.-Fc)(ml of Sample Mounted)

where:
Fs =

dF
SVS

Sample fluorescence x multiplier reading
Blank fluorescence x multiplier reading
Sample plus standard fluorescence x multiplier reading
Dilution factor
Spike standard value in ug/ml

Example: Assume 500 X of sample is dissolved in a 50 ml flask and
25 X of sample and spike mounted
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Fb = 35 x 0.1 = 3.5
F s = 50 x 10 = 500
F t = 68 x 10 = 680

SVS = 10.0 yg/ml

no n/mi (500-3.5) (100) (10.0 g/ml) (0.025) _ „ „ „_,_,
Ug U/ml (680-500) (0.025) 2 7 5 8 y g / m l

J . Equipment Needs

Figure 19 l i s t s the specific equipment needs for the fluorimetric
analysis; equipment common to an analytical laboratory.

1 . GALVANEK-MORRISON FLUORIMETER WITH SOLID
SAMPLE CHAMBER (REFLECTANCE)

2. PLATINUM DISH-FORMING TOOL 19.05 MM (0.75 INCH)

3. PLATINUM DISHES

4. PELLET FORMING TOOL

5. DESICCATOR

6. FUSING AND ANNEALING BURNERS
Figure 19. Fluorimetric Uranium Analysis Equipment Needs
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IV. EMISSION SPECTROSCOPY

A. Introduction

Spectroscopic analyses are widely used to measure the concentra-
tion of trace impurities. In some applications, e.g., foundry work,
major constituents are measured with this tool. These specialized
applications are beyond this paper, and comments presented herein will
be directly related to trace impurity analysis.

Earlier in my presentation I discussed the determination of ura-
nium by the gravimetric technique. It was noted that in this analysis
it is important that impurities in the sample be taken into account
when calculating the analysis. Large biases can, and do, result if
the impurity corrections are not made. From this standpoint it is
appropriate that we discuss spectrometry in some detail.

B. Instrument Type

You will note that so far I have used the term Spectroscopy,
which describes the basic science. Two other names are more commonly
used to describe this technique. These are Emisson Spectrograph and
Emission Spectrometer. These names seem to be used interchangably,
which technically is not correct. The distinction between the two is
obvious from the last part of the word. A SpectroGRAPH utilizes film
as the detection device. A SpectroMETER utilizes a phototube and
ultimately a meter as the detector.

The needs of the laboratory is the deciding factor in regard to
which type of instrument to buy. Generally speaking, a spectrograph
is more versatile since the entire spectra can be recorded within the
limits of the instrument. Unless the film is interpreted with a den-
sitometer, the results are not as accurate as with a spectrometer;
however, use of a densitometer makes the work slower. A darkroom and
photographic equipment are also needed.

A spectrometer is more accurate, is very fast and readily adapted
to computer calculation of the output. It is limited to analysis of
elements for which there is a defining slit and photomultiplier tube.
Elements outside this program cannot be analyzed without changing the
instrument.

In our laboratory, we use a spectrometer with 39 elements in the
analytical program. With this number of elements, not being able to
see the full spectra has not been a problem to us.

C. Theory

If sufficient energy (heat) is added to an element, its electrons
are excited to a higher level and it is said to be in an excited
state. Therefore, the element contains more energy than an unexcited
one. When the material returns to the normal unexcited state, this
energy must be released. Typically, this is in the form of light.
Every element has a characteristic spectra that is produced from this
phenomena. The blue color of a mercury vapor light, the yellow color
of a sodium vapor light, or the red light of a neon sign are examples
of this.
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If the light is passed through a slit and onto an appropriate
grating, the light is refracted into its components, and images of the
slit will always appear at precisely known wavelengths. For example,
the sodium spectra will always be at 5688.224 and 5682.657 X. The
spectra may be relatively clean or very complex, depending upon the
element.

Figure 20 shows a "clean spectra," and Figure 21, a relatively
complex spectra. These were obtained from a spectrograph, but would
be the same, whether produced with a spectrograph or spectrometer.
These examples are calibration curves and show the stepping, or loss
in intensity, as the impurity concentration becomes smaller. From
this it is obvious that the intensity of light is related to the con-
centration of the impurity. It is this property that is used to
quantify emission spectroscopic analysis.

D. Instrumentation

The major features of our spectrometer and a schematic represen-
tation are shown in Figure 22. From the schematic drawing in Fig-
ure 23, it can be seen that the spectra is excited in graphite elec-
trodes and focused onto a grating. From there it is diffracted onto
one of four slit frames which cover the spectra from ultraviolet
(1970 2) to near infrared (8950 % ) . The slit frame is a movable
holder for the defining slit and phototube. Each frame has a mercury
monitor light that allows it to be precisely adjusted. By having
these frames "broken up" into four sections, the effect of thermal
expansion is minimized, and for all practical purposes, eliminated. A
typical slit-phototube-mirror assembly is also shown (Figure 24). The
mirror is used only to direct the light.

Figure'20. Example of Clean Spectra
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Figure 21. Example of a Complex Spectra

APPLIED RESEARCH LABORATORY QUANTOMETER

1. TWO-METER FOCAL LENGTH

2. 960 LINES PER MM GRATING (24,400/1 NCH)

3. 5.4 A/MM DISPERSION

4. RANGE 1966 TO 8750 A FIRST ORDER

5. THIRTY-NINE ELEMENTS IN PROGRAM

6. FOUR SLIT FRAMES

a. Hg PROFILE EACH FRAME

7. TIMING CIRCUITS
Figure 22. Spectrometer Description
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Figure 23. Emission Spectrometer Schematic
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It should be noted that all optical components are shown on an
imaginary circle. In our arrangement this is known as the Rowland
Circle or Focal Curve. In this arrangement, any point on the circle
is in optical focus with any other point.

E. Background Correction

Whenever a spectra is produced, there is a background or con-
tinuum associated with it. Electronics or film also have "noise" or
fogging associated with them. For accurate work, the effect of back-
ground must be corrected. This is complicated somewhat, since each
element has different excitation characteristics. Volatile, easily
excited elements may excite early in the cycle and be present for only
a few seconds. More refractory elements may be present in the arc for
over a minute.

Some extremes in excitation profiles of impurities in U3O8 are
shown in Figure 25, where relative excitations as a function of time
are shown. For example, note the base line for phosphorous. This
would represent the background. It is easy to see that the sum of the
background is much greater than the spectral intensity for the
element.

Our instrument has a timing circuit to compensate for this. We
have four starting times and nine termination times. Elements are
grouped and the spectra collected according to their excitation char-
acteristics, reducing the background effect.

F. Uranium Interference

Generally speaking, the complexity of a spectra is related,
exponentially, to the atomic number of the element. Uranium, there-
fore, has a multitude of spectral lines. This coupled with the fact
that it is the major constituent, would produce such a dark, complex

ROWLAND CIRCLE
FOCAL CURVE

DIFFRACTED
LIGHT

\

DEFINING
SLIT

DIRECTIONAL
MIRROR

PHOTOMULTIPLIER
TUBE

Figure 24. Typical Detection System
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LEAD

BORON

60
TIME (seconds)

Figure 25. Excitation Profiles in U3O8

spectra that trace impurity analysis would be impossible if the ura-
nium spectra were allowed to be recorded. Obviously the effect of the
uranium must be eliminated. The following describes the two tech-
niques we use to accomplish this.

G. Carrier Distillation

A carrier is added to the sample to prevent the excitation of the
uranium spectra. Gallium oxide and silver chloride-lithium fluoride
are used as carriers for most of our routine spectrometric analysis.

The carrier produces fractional distillation of the impurities
into the arc where they are excited, while uranium, as U3O3, is not
appreciably vaporized, possibly from the temperature-limiting effect
as the carrier evaporates. Usable trace impurity spectra are obtained
by this technique; however, it is unacceptable for some refractory
elements and the rare earths.

For accurate work with this technique, sample density, depth in
the electrode, and a vent to facilitate vaporization of the impurities
must be controlled. This is accomplished partially, by the use of a
"tamping tool," as shown in Figure 26. The tool compresses the sample
to a constant depth, and provides the venting necessary.

H. Solvent Extraction

Another technique we use to remove the uranium interference is
solvent extraction. In this technique, uranium is separated from the
impurities by extracting it into tributyl phosphate from a solution
that is 6 M in HNO3. The impurities are left in the aqueous phase.
The aqueous is evaporated to dryness in round-bottomed teflon beakers.
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Graphite is added to the solution to provide an easily-seen bulk to
facilitate removal. This technique had proven very effective for rare
earths and some refractory elements. A relatively large sample size
can be used and very low detection limits obtained. This technique
can be used for other elements, where low detection limits are
required.

I. Equipment Needs

Figure 27 describes the major equipment needed to establish a
spectrometric laboratory. Small equipment, common to an analytical
laboratory, is not included.

VENT HOLE

SAMPLE

VENTING TOOL- *
ELECTRODE

Figure 26. Sample Tamper Illustration

A. EMISSION SPECTROMETER SYSTEM

1. SPECTROMETER

2. EXCITATION SOURCE

3. ARC SPARK STAND

4. READ-OUT SYSTEM INCLUDING TELETYPE

B. MIXER M!LL

C. DENTAL AMALGAMATOR

D. MORTAR AND PESTLE

E. BALANCES

1. ANALYTICAL ± 0.1 mg SENSITIVITY

2. TORSION ± 0 . 1 mg SENSITIVITY

F. VENTING TOOL

G. MUFFLE FURNACE CAPABLE OF HEATING TO 1000°C

H. QUARTZ CRUCIBLES

Figure. 27. Equipment Needs
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Gravimetric Uranium Sample 1 Sample 2

Sample Weight (W,)

Ignited Weight (W2)

Impurity Oxides (I )

Atomic Weight U

14.

15.

221

237.

Fluorimetric Uranium

Sample Fluorescence (F )
oBlank Fluorescence (F.)

Standard & Sample Fluor.

Dilution Factor (dF)

Spike Value (SVg)

ml Spike

ml Sample.

ANSWERS

(Ffc)

Gravimetr ic

Sample

Sample

1

2

7309 gm 5.

3026 5.

560

884 238.

Sample 1

17.1

2.3

39.0

10

10 yg/ml

0.025

0.025

Factor %

0.84792 88.

0.84806 87.

Fluorimetric ppm U

Sample

Sample

1 67.6

2 4.8

,1361 gm

2830

133

Sample 2

4.3

2.2

26

5

10

0.025

0.025

U

064

183


