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Designation: C 1441 – 99

Standard Test Method for
The Analysis of Refrigerant 114, Plus Other Carbon-
Containing and Fluorine-Containing Compounds in Uranium
Hexafluoride via Fourier-Transform Infrared (FTIR)
Spectroscopy 1

This standard is issued under the fixed designation C 1441; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determining the concentrations
of refrigerant-114, other carbon-containing and fluorine-
containing compounds, hydrocarbons, and partially or com-
pletely substituted halohydrocarbons that may be impurities in
uranium hexafluoride. The two options are outlined for this test
method. They are designated as Part A and Part B.

1.1.1 To provide instructions for performing Fourier-
Transform Infrared (FTIR) spectroscopic analysis for the
possible presence of Refrigerant-114 impurity in a gaseous
sample of uranium hexafluoride, collected in a “2S” container
or equivalent at room temperature. The all gas procedure
applies to the analysis of possible Refrigerant-114 impurity in
uranium hexafluoride, and to the gas manifold system used for
FTIR applications. The pressure and temperatures must be
controlled to maintain a gaseous sample. The concentration
units are in mole percent. This is Part A.

1.2 Part B involves a high pressure liquid sample of
uranium hexafluoride. This method can be applied to the limits
of detection for hydrocarbons, chlorocarbons, and partially or
completely substituted halohydrocarbons as specified in
Method C 996. The limits of detection are in units of mole
percent concentration.

1.3 Part A pertains to Sections 7-10 and Part B pertains to
sections 12-16.

1.4 These test options are applicable to the determination of
hydrocarbons, chlorocarbons, and partially or completely sub-
stituted halohydrocarbons contained as impurities in uranium
hexafluoride (UF6). Gases such as carbon tetrafluoride (CF4),
which absorb infrared radiation in a region where uranium
hexafluoride also absorbs infrared radiation, cannot be ana-
lyzed via these methods due to spectral overlap/interference.

1.5 These test options are quantitative and applicable in the
concentration ranges from 0.0001 to 0.100 mole percent,
depending on the analyte.

1.6 These test methods can also be used for the determina-
tion of non-metallic fluorides such as silicon tetrafluoride
(SiF4), phosphorus pentafluoride (PF5), boron trifluoride (BF3),
and hydrofluoric acid (HF), plus metal-containing fluorides
such as molybdenum hexafluoride (MoF6). The availability of
high quality standards for these gases is necessary for quanti-
tative analysis.

1.7 These methods can be extended to other carbon-
containing and inorganic gases as long as:

1.7.1 There are not any spectral interferences from uranium
hexafluoride’s infrared absorbances.

1.7.2 There shall be a known calibration or known “K”
(value[s]) for these other gases.

1.8 The values stated in SI units are to be regarded as the
standard.

1.9 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
C 761 Test Methods for Chemical, Mass Spectrometric,

Nuclear and Radiochemical Analysis of UF6
2

C 787 Specification for Uranium Hexafluoride for Enrich-
ment2

C 859 Terminology Relating to Nuclear Materials2

C 996 Specification for Uranium Hexafluoride enriched to
Less Than 5 %235U2

C 1052 Practice for Bulk Sampling of Liquid Uranium
Hexafluoride2

2.2 USEC Document
USEC-651 Uranium Hexafluoride: A Manual of Good Han-

dling Practices3

2.3 ANSI Standard:

1 This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear
Fuel Cycle and is the direct responsibility of Subcommittee C 26.05 on Methods of
Test.

Current edition approved July 10, 1999. Published September 1999.

2 Annual Book of ASTM Standards,Vol 12.01.
3 Available from USEC Inc., 6903 Rockledge Drive, Bethesda, MD 20817.
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ANSI N14–1 Uranium Hexafluoride: Packaging for Trans-
port4

2.4 ISO Standard:
ISO/DIS 7195 Packaging for Uranium Hexafluoride (UF6)

for Transport4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 detection limit, n—based on the minimum absorbance

obtainable at a given pressure to yield a meaningful result in
accordance with Eq 2. In accordance with Terminology C 859,
a low concentration level that can be achieved with these
methods is 0.01 mole percent at the 95 % confidence level.

3.1.2 FTIR, n—Fourier-transform infrared spectroscopy.
3.1.3 K, n—infrared absorbance constant in pressure units,

where:

K 5
mole percent concentration standard~pressure!

absorbance (1)

3.1.4 mm HgA, n—millimetres mercury absolute.
3.1.5 “2S” container, n—a nickel container with a 1.0 L

capacity.

4. Summary of Test Methods

4.1 Part A is based on the collection of an all gas sample of
UF6. The gas sample is then analyzed at room temperature via
FTIR to determine the percent Refrigerant-114 in uranium
hexafluoride.

4.2 Part B is based on the collection of a liquid phase UF6

sample. The sample is collected through a manifold and is
introduced as a gas into a 60°C (140°F) thermostatted infrared
gas cell.

4.3 In order to achieve a representative sample in UF6, the
analyzed sampling containers must be filled to more than1⁄3 of
capacity with UF6. The reason for this is to minimize the effect
of the gas phase contribution. (This is for Part B.)

4.4 In Part A, the pressure is kept low enough so that the
manifold and sample cell are filled only with gaseous UF6;
whereas, in Part B segregation in gas-liquid phases may
require, for a complete analysis, two determinations. The
heated manifold and cell support higher sample pressures
resulting in increased sensitivity. Both options meet the criteria
set forth in Specification C 996.

5. Significance and Use

5.1 This test method (Part A) utilizes FTIR spectroscopy to
determine the percent Refrigerant-114 impurity in uranium
hexafluoride. Refrigerant-114 is an example of an impurity gas
in uranium hexafluoride. The detection of hydrocarbons, chlo-
rocarbons, and partially or completely substituted halohydro-
carbons in UF6 (Part B) is governed by the provisions in
Specification C 996.

6. Hazards

6.1 Uranium hexafluoride is considered to be a hazardous
material. It is a highly reactive and toxic substance in addition

to its radioactive properties. It must be handled as a gas in
nickel containers and well-conditioned nickel manifolds to
ensure safety. Suitable handling procedures are described in
USEC-651.

7. Apparatus (Part A)

7.1 Fourier-Transform Infrared Spectrophotometer, or dis-
persive infrared spectrophotometer set up to collect data in the
range 4000 to 400 cm−1 with 6 2 cm−1 resolution or better.

7.2 A Manifold System, built with materials of construction
inert to fluorine-bearing gases. The manifold system shall be
conditioned and passivated with an appropriate fluorinating
agent. (See Annex A2.)

7.3 A Nickel Sample Cellequipped with silver chloride
windows. The pathlength used in these experiments is 10 cm
(0.1m).

7.4 A Pressure Gage, which can be read to 0.01 mm HgA is
necessary.

7.5 Absorbance Data, can be determined to 0.001 units.
7.6 Windows, are made of material(s) inert to fluorine-

bearing gases, for example, silver chloride (AgCl).

8. Calibration (Part A)

8.1 The infrared spectrophotometer is calibration checked
daily with a traceable standard of Refrigerant-114. The re-
sponse of the instrument and the sensitivity of the pressure
manometers can be evaluated based on the mole percent
concentration Refrigerant-114 calculated. See Table 1 for
absorbance maxima and corresponding “K” values.

8.2 The operating experience of each laboratory for preci-
sion calculations of the mole percent concentrations of uranium
hexafluoride and impurities are critical to the success of the
method. Total pressure should be maintained at 100 mm HgA
(13.3 kPa) or less. Each laboratory shall determine the “K”
values specific to its instrumentation.

8.3 The “K” values used for calibrations are good well
beyond the 60 to 75 mm HgA (8 to 10 kPa) in a typical all gas
sample.

8.4 The “K” values require that the mole percent concen-
tration of a traceable standard, pressure, and absorbance of a
pure gas are known. The response of absorbance as a function
of pressure is linear. The slope of this line is “K.” The slope is
constant from near zero absorbance to about 0.8 absorbance
units.

4 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

TABLE 1 Typical Infrared Active Gas Molecules, Their
Approximate Infrared Frequencies in cm −1, and Their Infrared
Absorbance Constants (K) in mm Part A, Determined at Room

Temperature (25°C=77°F=298K)

Infrared Active Gas Molecule
Approximate Infrared
Frequency in cm−1 K in mm

Uranium Hexafluoride = UF6 625 82.5
Uranium Hexafluoride = UF6 676 11,950
Refrigerant-114 = C2F4Cl2 922 699
Refrigerant-114 = C2F4Cl2 1052 526
Refrigerant-114 = C2F4Cl2 1185 363
Refrigerant-114a = C2F4Cl2 1231 241
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9. Procedure (Part A)

9.1 Collecting the Sample—An all gas sample is collected
from the apparatus described in Test Method C 761. See Annex
A1 or Fig. 1 in Test Method C 761. The isotope abundance
sample tube is replaced by a “2S” container. The valve on the
inverted liquid uranium hexafluoride container is closed when
the pressure on the manometer reads 75 mm HgA (10 kPa). A
total of three samples are obtained in this manner. If three
sample containers (“2S” or equivalent) are not available, three
gas charges from one sample can be substituted. However, if
the full pressure in the sample container is less than 50 mm
HgA (6.7 kPa), the three gas charges from one sample option
is not recommended.

NOTE 1—The manifold system must be conditioned and passivated
with an appropriate fluorinating agent to generate high quality analytical
results.

9.2 Acquire Background Scan (Refer toAnnex A2):

NOTE 2—The vacuum manometer Valve C must be open in order for
pressure in mm to be read.

9.2.1 Ensure that the cold trap inlet valve (L) and crossover
valves (MX1 and MX2) are closed.

9.2.2 Ensure that the chem trap outlet (R), chem trap inlet
(Y), sample cell inlet (A), vacuum pump inlet (P), and sample
port (S1, S2, or S3) valves are open.

9.2.3 Ensure that all other valves other than Valve C are
closed.

9.2.4 Evacuate manifold system until readout on thermo-
couple gage (T2) displays a value of less than 10 µm.

9.2.5 Verify the digital manometer for zero and full scale
readings, if not adjust accordingly.

9.2.6 Obtain an infrared background spectrum on the FTIR.
9.3 Acquire Initial Sample Scan:
9.3.1 Close chem trap inlet valve (Y).
9.3.2 Open the sample container valve and charge the

manifold with the full contents of the sample container.

NOTE 3—If the total pressure of the sample is in excess of 100 mm
HgA, a resample is desirable.

9.3.3 Close the sample container valve.
9.3.4 Obtain the infrared spectrum of the gases in the

sample charge.
9.4 Interpret Spectrum:
9.4.1 Record the absorbance maxima for the three

Refrigerant-114 bands cited in Table 1, if any are present. The
absorbance maximum at 1052 cm−1 typically experiences the
least amount of overlap.

9.4.2 Record the absorbance maximum for Refrigerant-114a
from Table 1, if any is present.

9.4.3 Record the absorbance maximum for uranium
hexafluoride at 676 cm−1.

9.4.4 Record the pressure (in mm) from the readout of the
digital manometer (C). (If the pressure exceeds 100 mm HgA
resampling is necessary due to the possibility of freeze-out of
the UF6.)

9.4.5 Monitor the absorbance of uranium hexafluoride at
625 cm−1 of the full pressure gas charge.

9.4.5.1 If the absorbance at full pressure exceeds 0.8 units
partial evacuation of the manifold is necessary in accordance
with the action steps in 9.5.

9.4.5.2 If the absorbance at full pressure is less than 0.8
units, a resample is desirable.

9.5 Partial Evacuation of the Manifold System:
9.5.1 Close the chem trap outlet valve (R).
9.5.2 Open the chem trap inlet valve (Y).
9.5.3 Close the chem trap inlet valve (Y) when the pressure

on the digital manometer is no longer decreasing.
9.5.4 Allow a minimum of 30 s residency time in the chem

trap (E).
9.5.5 Open the chem trap outlet valve (R) to vent any

remaining gases to the always energized vacuum pump (W).
9.5.6 Close the chem trap outlet valve (R) when the readout

on the thermocouple gage (T2) is less than 10 µm.
9.5.7 Repeat step 9.5.1-9.5.6, until the pressure on the

digital manometer reads 1.00 mm HgA.
9.6 Scanning the Sample for Uranium Hexafluoride at 625

cm−1:
9.6.1 Scan the sample for uranium hexafluoride at a pressure

that results in an infrared peak less than 0.80 absorbance units.
9.6.2 Record the magnitude of the absorbance maximum for

the uranium hexafluoride peak at 625 cm−1.
9.6.3 Record the pressure (in mm) from the readout of the

digital manometer for the uranium hexafluoride peak at 625
cm−1.

NOTE 4—If the pressure required to obtain an absorbance less than 0.8
units at 625 cm−1 is less than 0.40 mm HgA, the values obtained at 676
cm−1 are likely to be more reliable.

9.7 Total Evacuation of the Manifold System:
9.7.1 Repeat the action steps in 9.5 until the pressure on the

digital manometer reads 0.20 mm HgA or less.
9.7.2 Open the cold trap inlet valve (L) and at least one of

the crossover valves (MX1 or MX2).
9.7.3 Continue the total evacuation until the thermocouple

gauge (T2) reads below 10 µm and the digital manometer reads
0.00 mm HgA.

9.7.4 Rezero the digital manometer if the readout stabilizes
for 2 min at a reading other than 0.00 mm HgA.

9.8 Replicate Experiments:
9.8.1 Proceed to Section 10 if the three gas changes from

one sample was used in 9.1.
9.8.2 Repeat action steps 9.3-9.7.4 twice more, using a fresh

replicate sample from the three “2S” containers received.

10. Calculations of Mole Percent Concentrations (Part A)

10.1 Calculate the average mole percent concentrations of
Refrigerant-114 and Refrigerant-114a based on their respective
absorbances, the “K” values, and the total pressure in the
manifold as indicated in Eq 2:

NOTE 5—If the uranium hexafluoride concentration is high, based on
the data obtained from the measurements at 625 cm−1, the uranium
hexafluoride band at 1157 cm−1 may interfere with the Refrigerant-114
band at 1185 cm−1. The Refrigerant-114 concentration may be biased high
should this result be included with the data obtained at 922 cm−1 and 1052
cm−1.
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