[‘IM) Designation: E 385 — 90 (Reapproved 2002)
i’

INTERNATIONAL

Standard Test Method for
Oxygen Content Using a 14-MeV Neutron Activation and
Direct-Counting Technique *

This standard is issued under the fixed designation E 385; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope and Average Energy frothl(d,n)*He Neutron Generators

1.1 This test method covers the measurement of oxygen BY Radioactivation Techniqués
concentration in almost any matrix by using a 14-MeV neutron 2.2 U.S. Government Document:
activation and direct-counting technique. Essentially, the same Code of Federal Regulations, Title 10, Parf 20
system may be used to determine oxygen concentratior}?
ranging from over 50 % to about 10 ug/g, or less, depending on’

the sample size and available 14-MeV neutron fluence rates. 3-1 Definitions(see also Terminology E 170):
3.1.1 accelerator n—a machine that ionizes a gas and

Note 1—The range of analysis may be extended by using highelg|ectrically accelerates the ions onto a target. The accelerator
neutron fluence rates, larger samples, and higher counting efﬁmenci(nay be based on the Cockroft-Walton, Van de Graaff, or other
detectors. design typegq1). Compact sealed-tube, mixed deuterium and

1.2 This test method may be used on either solid or liquidyitium gas, Cockcroft-Walton neutron generators are most
samples, provided that they can be made to conform in sizggommonly used for 14-MeV neutron activation analysis. How-
shape, and macroscopic density during irradiation and countingyer, “pumped” drift-tube accelerators that use replaceable
to a standard sample of known oxygen content. Severafitium-containing targets are also still in use. A review of
variants of this method have been described in the technicglperational characteristics, descriptions of accessory instru-
literature. A monograph is available which provides a comprementation, and applications of accelerators used as fast neutron
hensive description of the principles of activation analysisyenerators is given in R&®).
using a neutron generatt).” 3.1.2 comparator standard n—a reference standard of

1.3 The values stated in either Sl or inCh-pOUnd units are t(known oxygen content whose Specific Counting rate (Counts
be regarded Separately as the standard. The values given riﬂn_l[mg of Oxygen]']-) may be used to quantify the oxygen
parentheses are for information only. content of a sample irradiated and counted under the same

1.4 This standard does not purport to address all of theconditions. Often, a comparator standard is selected to have a
Safety concerns, if any, associated with its use. It is thQ‘natriX Composition’ physicai Size’ density and Shape very
responsibility of the user of this standard to establish appro-similar to the corresponding parameters of the sample to be
priate safety and health practices and determine the applicagnalyzed. Comparative standards prepared in this way may be
bility of regulatory limitations prior to useSpecific precau- ysed directly as “monitors” (see 3.1.4) in order to avoid the
tions are given in Section 8. need for monitor-sample calibration plots, in those cases where
the usual monitor reference standard is physically or chemi-
cally dissimilar to the samples to be analyzed.

2.1 ASTM Standards: o 3.1.3 14-MeV neutron fluence rate—the areal density of

E 170 Terminology Relating to Radiation Measurementsyeytrons passing through a sample, measured in terms of

and Dosimetry o _neutrons cii¥ s, that is produced by the fusion reaction of

E 181 Test Methods for Detector Calibration and Analysisgeyterium and tritium ions accelerated to energies of typically

of Radionuclide$ _ 150 to 200 keV in a small accelerator. Fluence rate is also

E 496 Test Method for Measuring Neutron Fluence Rateommonly referred to as “flux density.” The total neutron

fluence is the fluence rate integrated over time.

* This test method is under the jurisdiction of ASTM Committee E10 on Nuclear 3131 Discussion—The3H(d,n)4He reaction is used to pro-
Technology and Applications and is the direct responsibility of Subcommitteeduce approximately 14.7-MeV neutrons. This reaction has a

E10.050n Nuclear Radiation Metrology. Q-value of + 17.586 MeV.
Current edition approved Oct. 26, 1990. Published August 1991. Originally

published as E 385 — 69 T. Last previous edition E 385 — 80.
2The boldface numbers in parentheses refer to a list of references atthe endof ————————

the text. 4 Available from the Superintendent of Documents, U.S. Government Printing
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3.1.4 monitor, n—any type of detector or comparison ref- also Test Methods E 181.)
erence material that can be used to produce a responge
proportional to the 14-MeV neutron fluence rate in the irradia-— i o )
tion position, or to the radionuclide decay events recorded by 5-1 The conventional determination of oxygen content in
the sample detector. A plastic pellet with a known oxygenliquid or solid samples is a relatively difficult chemical
content is often used as a monitor reference standard in duBrocedure. It is slow and usually of limited sensitivity. The
sample transfer systems. It is never removed from the systef-MeV neutron activation and direct counting technique
regardless of the characteristics of the sample to be analyzeRrovides arapid, highly sensitive, nondestructive procedure for
In this case monitor-sample calibration plots are required. 0Xygen determination in a wide range of matrices. This test

3.1.5 multichannel pulse-height analyzer—an instrument Method is independent of the chemical form of the oxygen.
that receives, counts, separates, and stores, as a function of-2 This test method can be used for quality and process
their energy, pulses from a scintillation or semi-conductorcontrol in the metals, coal, and petroleum industries, and for
gamma-ray detector and amplifier. In the 14-MeV INAA research purposes in a broad spectrum of applications.
determination of oxygen, the multichannel analyzer may als@g_ |nterferences
be used to receive and record both the;Bieutron detector 6.1 Because of the hiah enerav of the gamma ravs emitted
monitor counts and the sample gamma-ray detector counts as a,, 9 9y 9 Y

function of stepped time incremen(8 and 4). In the latter in” the dgcay d‘.ﬁN’ th‘?fe. are_ very few element.s that wil
case, operation of the analyzer in the multichannel scalerr)mduce interfering radiations; nevertheless, caution should be

. 9 . .
(MCS) mode, an electronic gating circuit is used to select Onlyexerusgg‘. F, for example,' wil unde'rgo am(a) reaction to
gamma rays within the energy range of interest. produce®N, the same indicator radionuclide produced from

. 16 .
3.1.6 transfer systemn—a system, normally pneumatic, ©XY9eM: Because the cross section forthé,«)*°N reaction

A .’ is approximately one-half that of tH©(n,p)'®N reaction, a
used to transport the sample from an injection port (sometimes . ; L ;

! . ._,._correction must be made if fluorine is present in an amount
connected to an automatic sample changer) to the irradiation

station, and then to the counting station where the activity of omparable to the statistical uncertainty in the oxygen deter-

the sample is measured. The system may include componeri%natlon' Another possible interfering reaction may arise from

X S X L e presence of bororB will undergo an ,p) reaction to
g)ngnCSOUuFre]tiLrJ]glfgt;n;OPnOSSItlOnlng of the sample at the Irraldl"’ItlonproducélBe. This isotope decays with a half-life of 13.81 s,

and emits several high-energy gamma rays with energies in the
4. Summary of Test Method range of 4.67 to 7.98 MeV. In addition, there is Bremsstrahlung

4.1 The weighed sample to be analyzed is placed in éatzilation produceq by the high energy peta particles emitted
container for automatic transfer from a sample-loading port t&®Y B€- These radiations can interfere with the oxygen deter-
the 14-MeV neutron irradiation position of a particle accelera.Mination if the oxygen content does not exceed 1% of the

tor. After irradiation for a pre-selected time, the sample isPOron present. _ _ ,
automatically returned to the counting area. A gamma-ray 6.2 Another possible elemental interference can arise from

detector measures the high-energy gamma radiation from tHhe presence of fissionable materials such as thorium, uranium,

radioactive decay of tH&N produced by ther(p) nuclear and plutonium. Many short-live_d fissio_n pro_ducts emit high-
reaction oR°0. The number of counts in a pre-selected ®N€r9y gamma rays capable of interfering with those i

counting interval is recorded by a gated scaler, or by a Nore 2—Argon produces an interfereffiCl, by thé®Ar(n,p)*°Cl re-
multichannel analyzer operating in either the pulse-height, oaction. Therefore, argon should not be used for the inert atmosphere
gated multiscaler modes. The number of events recorded feiuring sample preparation for oxygen analyS@! (= =1.35 m) has
samples and monitor reference standard are corrected féfveral high-energy gamma rays, including one at 5.88 MeV.
background and normalized to identical irradiation and count- 6.3 An important aspect of this analysis that must be
ing conditions. If the sample and monitor reference standardontrolled is the geometry during both irradiation and count-
sample are not irradiated simultaneously, the neutron doseg. The neutron source is usually a disk source. Hence, the
received during each irradiation must be recorded, typically byluence rate decreases as the inverse square at points distant
use of a BE neutron proportional counter. The amount of total from the target, and less rapidly close to the target. Because of
oxygen (all chemical forms) in the sample is proportional to thethese fluence rate gradients, the irradiation geometry should be
corrected sample count and is quantified by use of the correctedproduced as accurately as possible. Similarly, the positioning
specific activity of the monitor, or comparator standard(s). of the sample at the detector is critical and must be accurately
4.1.1 **N decays with a half-life of 7.13 s bg-emission, reproducible. For example, if the sample is considered to be a
thus returning t&°0. About 69 % of the decays are accompa-point source located 6 mm from a cylindrical sodium iodide
nied by 6.13-MeV gamma rays, 5% by 7.12-MeV gamma(Nal) detector, a 1-mm change in position of the sample along
rays, and 1 % by 2.74-MeV gamma rays. Other lower intensitythe detector axis will result in a 3.5 to 5 % change in detector
gamma rays are also observed. About 26 % of the betafficiency (8). Since efficiency is defined as the fraction of
transitions are directly to the ground staté®dr. (All half-lives  gamma rays emitted from the source that interact with the
and gamma-ray energies are taken from K&fand decay detector, it is evident that a change in efficiency would result in
schemes are given in R@). A useful elemental data base and an equal percentage change in measured activity and in
calculated sensitivities for 14-MeV instrumental neutron acti-apparent oxygen content. Positioning errors are normally
vation analysis (14-MeV INAA) are provided in REf). (See  minimized by rotating the sample around a single axis, or

Significance and Use
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biaxially, during both irradiation and counting. Alternately, air, in the pneumatic system to avoid an increase in radioac-
dual detectors at 180° can be used to minimize positioningivity due to recoil of°®N atoms produced in the air onto the
errors at the counting station. sample surface. The transfer system and data processing may
6.4 Sincé®N emits high-energy gamma rays, determina-be controlled by PC-type microcomputers using programs
tions are less subject to effects of self-absorption than areritten in BASIC (11), or by a minicomputer using programs
determinations based on the use of indicator radionuclidegritten in FORTRAN(4). Dual transfer systems transport the
emitting lower energy gamma rays. Corrections for gamma-ragample and a monitor reference standard simultaneously. In
attenuation during counting are usually negligible, except irthis case, two independent counting systems are often used.
the highest sensitivity determinations where sample sizes mayingle sample transfer systems based on sequential irradiations
be large. of a sample and a monitor reference standard, or a comparator
6.5 The oxygen content of the transfer container (“rabbit”)standard, are also used.

m k low ibl o] large “blank”
ust be kept as low as possible to avoid a large "bla Note 3—As mentioned previously in 6.2, argon should be avoided in

correction. Suggested materials that Combine_ light We_ight an%e transfer gas, as well as in sample packaging, because of the
low oxygen content are polypropylene and high-density poly nterferent®ci produced.

ethylene (molded under a nitrogen atmosphere), high purity ) .

Cu, and high-purity nickel. A simple subtraction of the counts _ /-3 Monitor—The number of counts obtained from any
from the blank vial in the absence of the sample is not adequa@Ven irradiation is dependent upon the oxygen content of the
for oxygen determinations below 200 ug/g, since large Samp@ample, the length of irradiation, the neutron quence rate, 'Fhe
sizes may be required for these high-sensitivity measuremenf§€Utron energy spectrum, the delay time between irradiation
and gamma-ray attenuation may be important when the sampfé!d counting, and the length of the count. It is desirable to
is present(9). If the total oxygen content of the sample is as make a measurement in which the result obtained is a function

low as that of the container (typically about 0.5 mg of oxygen),Of iny the oxygen content and indgpendent of oth_er variables.
the sample should be removed from the irradiation containef NiS can be achieved by standardizing the experimental con-
prior to counting. Statistical errors increase rapidly as truglitions and use of a monitor. o

sample activities decrease, while container contamination ac- 7-3-1 In the dual sample transfer approach, the monitor is
tivities remain constant. For certain shapable solids, it may brdinarily a high-oxygen containing material that is irradiated

possible to use no container at all. This “containerless'ith €ach sample in a position adjacent to the sample position,
approach provides optimum sensitivity for low-level determi-transferred to an independent detector, and counted simulta-
nations, but care must be taken to avoid contamination of thBeously with the sample. The same monitor reference standard

transfer system. is used with each sample, and is never removed from the
system. Since the sample and monitor reference standard are
7. Apparatus irradiated and counted simultaneously, Hinlis measured in

7.1 14-MeV Neutron GeneraterTypically, this is a high- both, most changes in the experimental parameters affecting
voltage sealed-tube machine to accelerate both deuterium aiite sample counts will affect the monitor counts equally. One
tritium ions onto a target to produce 14-MeV neutrons bypossible exception is that changes in the neutron energy
the’H(d,n)*He reaction. In the older “pumped” drift-tube spectrum due to incident accelerator particle energy changes
accelerators, and also in some of the newer sealed-tube neutrgiay affect the sample and monitor in different ways due to
generators, deuterium ions are accelerated into copper targetggular dependence factors. However, a relatively constant
containing a deposit of titanium into which tritium is absorbed.particle energy can usually be achieved. Therefore, while the
Detailed descriptions of both sealed-tube and drift-tube manumber of counts obtained from any given sample may vary
chines have been publishét, 2). greatly from one irradiation to another, the ratio of sample

7.1.1 Other nuclear reactions may be used, but the neutrggpunts to monitor reference standard counts will be a constant.
energy must exceed 10.22 MeY10) for the'®O(n,p'®N  To determine the oxygen content of a sample, it is necessary to
reaction to take place. The 14-MeV neutron output of theirradiate a comparator standard of known oxygen content with
generator should be $@o 10" neutrons s, with a usable physical and chemical properties similar to those of the sample
fluence rate at the sample of 1 1¢° neutrons cri s *. The ~ and determine the ratio of its counts to that of the monitor
14-MeV fluence rate may be measured as described in Teggference standard.

Method E 496. 7.3.2 If a single sample transfer system is used, it is

7.1.2 The neutron output from targets in drift-tube machinesiecessary to measure the neutron fluence rate during both the
decreases quite rapidly during use because of depletion of theadiation of the sample and the irradiation of the monitor
tritium content of the target in the pumped system. Consereference standard (or comparator standard). Variations in
quently, the target must be replaced frequently. The use of #uence rate from a neutron generator are to be expected, not
sealed-tube-type neutron generator obviates the need to handiely with time, but also with position. Compensation for these
tritium targets and provides for longer stable operation. variations must be provided. It is not necessary to make an

7.2 Sample Transfer SysterThe short half-life (7.13 s) of absolute measurement of the fluence rate at the irradiation
the'®N requires that the sample be transferred rapidly betweeposition, but only to obtain a value that is proportional to the
the irradiation position and the counting station by a pneumatioeutrons cri¥ s * passing through the sample. A wide variety
system to minimize decay of th. If the oxygen content in  of ingenious systems have been devised and used for this
the sample is low, it is desirable to use dry nitrogen, rather thapurpose(12). Probably the most commonly used and simplest
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system is a boron trifluoride (BJ counter coupled to a rate well-type Nal(T1) detector, or two 5 by 5-in. (127 by 127-mm)
meter, scaler, or multichannel analyzer operating in the multisolid Nal(T1) detectors mounted at 180°C are commonly used
channel scaler mode to detect thermalized neutrons. Thier higher efficiency counting. Bismuth germanate (BGO)
greatest difficulty with this system is that it detects thermalscintillation detectors have higher efficiencies than Nal(T1)
neutrons, while the oxygen reaction proceeds only with fastletectors for the high-energy gamma rays ftéy but are also
neutrons. Therefore, the Bmonitor does not directly measure presently much more costly than equivalent-size Nal(T1)
neutrons of the energy used for the analyses. Hence, th@ystals. BGO detectors also have poorer energy resolution
presumption of proportionality may not always be valid. Somethan Nal(T1) detectors and this could be a consideration in
workers have surmounted this difficulty by the use of plasticsome types of analyses. In general, the sensitivity of oxygen
beads as scintillato(d.3) or by proton recoil telescope devices analysis will be increased by increasing the volume of the
(14 and 15) both of which are sensitive only to fast neutrons. detector, and analytical reproducibility will be increased by the
Another difficulty is that, if only a single scaler is used, total use of multiple detectors. If a single detector is used, but not a
neutron fluence during the irradiation and not a representativerell counter, the sample should be rotated during counting to
fluence rate is measured. Since the length of irradiation isninimize the effects of sample nonhomogeneity and position-
ordinarily at least as long as the half-life of #id, any ing. An external radiation shield of heavy metal sufficient to
changes in fluence rate during irradiation will introduce anreduce the detector background to an acceptable level should
error. This error can be overcome by using a pulse-heighsurround the detector assembly.
analyzer operating in the multichannel scaler mode and record- 7.4.3 Electronic Equipmert-Amplifiers, discriminators or
ing the BR, monitor output and the induc&®N activity on the  multichannel analyzers, and data storage devices capable of
same multiscaler pag8 and 4, 16) Changes in beam intensity taking the pulse from the detector, amplifying and shaping it,
can then be precisely compensated for by mathematicalldistinguishing it by its energy, and storing it are required.
treating each channel recording the relative neutron fluence 7.4.4 Scaler or Multichannel Pulse-Height Analyzelf a
rate as an individual irradiation. scaler is used for data collection, it should have a suitable
7.3.3 Variations in the positions of the sample or monitorspeed to minimize dead-time losses and prevent pulse pileup. It
reference standard relative to the neutron generator will caugghould be preceded in the counting system by an energy
a variation in the ratio of sample counts to monitor counts. Inanalyzer. If a multichannel pulse-height analyzer is used,
order to avoid the effects of this nonuniformity, both the samplecognizance must be taken of the need for a dead-time correc-
and the monitor reference standard can be rotated about an a%ign. Very high counting rates with dead time may also result in
parallel to the beam during irradiation. Selection of experimengain shift, and either automatic or manual gain shift control
tal irradiation and counting geometries normally can be done iiwill be necessary, if surveillance of the multichannel spectrum
such a way as to avoid significant errors (see 7.4.2). shows any shift of peak positions. The multichannel analyzer
7.3.4 The short half-life 3PN imposes some restrictions on May also be operated in the multichannel scaler (MCS) mode

the timing of the various steps of the analysis. For maximun{VN€n using a single sample transfer system as described in
accuracy in a single sample transfer system, the entire cycle df3-2- MCS boards are also available for PC-type microcom-
irradiation, transfer, and counting should be controlled autoPuters and, if used with an energy discriminator, provide a low
matically so that all times are reproduced within a few COst, low dead-time, data collection system. In MCS systems,

hundredths of a second. Alternately, the entire irradiation ang@in shift problems may be somewhat more difficult to moni-

counting process may be recorded by a multichannel analyzé?r- oo )
operating in the multichannel scaler mode and the parameters /> Shielding—Because the neutron generators used for this

later normalized by use of a computer progrénand 4) analysis are intense sources of radiation, shielding must be
Precise control or measurements of time and fluence rate afgectéd to prevent the exposure of personnel. The principal
not usually necessary when a monitor reference standard f¥pes of radiation of concern are fast and thermal neutrons and

irradiated simultaneously with the sample in a dual sampl@@mmarays. This leads to a complex shielding problem similar
transfer and counting system. to that around a low power nuclear reactor. Typically, up to 5

74C . . ft (1.524 m) of ordinary concrete, or its equivalent in special
.4 Counting Equipment ; ; p ”
7 ) . ) materials, may be required. Sub-ground-level “down hole

7.4.1 Irradiation Container Receiver and Stopping jnstallations can reduce shielding costs, but very narrow

Devices—These are devices to accept the sample followingpie|ging cavities can also increase the fluence rate of thermal

irradiation, and to position it reproducibly for counting. neutrons at the irradiation position. In some cases, the in-
7.4.2 Gamma Detector, or DetectorsDetectors at least creased low-energy neutron fluence rate can result in interfer-

equal in sensitivity to a single 3 by 3-in. (76 by 76-mm) ence problems.

thallium-activated sodium iodide (Nal(T1)) scintillation )

counter should be used. Both the sensitivity and reproducibility3: Precautions

of the measurement will be affected by the choice of radiation 8.1 The operation of a high-energy neutron generator or

detectors. Where energy discrimination is required, the supeccelerator poses a potential radiological safety hazard to

rior resolution of a semi-conductor high-purity Ge (HPGe)operating personnel. Adequate biological shielding (see 7.5)

detector may be desirable. However, use of an affordable HPGand safety interlocks at these facilities, in addition to appro-

detector may also result in some loss of efficiency, as comparegriate operator training, are essential to ensure that personnel

to use of a Nal(T1) detector. Systems based on use of a lardezards are minimized. A venting system for the return
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transfer-tube gas is desirable in order to keep radioactive gasabove approximately 4.5 MeV are stored.

or dust particles away from the operator. Radiation survey 10.3 Turn on the neutron generator in accordance with the
measurements must be made to ensure that the radiation levetanufacturer’s instructions and adjust the neutron output to the
in occupied areas are within the levels specified by Title 10desired level. Initiate the preselected irradiation, delay, and
Part 20, of the Code of Federal Regulations, as well as angounting sequence, with one of the standards. If an automatic
appropriate state and local radiation safety regulations. generator switching system is available, it may be desirable to

8.2 For the “pumped” drift-tube neutron generators thatdiscontinue the neutron production during the counting period
have replaceable targets, there is an additional hazard frome reduce the background of high-energy gamma-ray radiation
tritium release during target changes. Tritium is a radioactiveat the counting station due to 14-MeV neutron capture and
gas with a relatively long half-life (12.3 years) that decays byscatter. However, with the availability of a remote, well-
emitting a low-energy beta particle (18.6 keV, maximum).shielded counting station, the neutron output will be found to
Ingestion and work-area contamination are two potentiallpbe more stable if the generator is allowed to run continuously.
serious consequences that make safe handling of targets hy this latter case, it is necessary to establish that the transit
trained and experienced operators mandatory. These hazarilses for the monitor and sample approaching and leaving the
are greatly reduced by use of the newer sealed-tube neutramadiation station are equivalent. With a dual sample transfer
generators. The risk of tritium release through breakage of thand counting system, record the total comparator standard
sealed-tube during replacement does exist, but sealed-tuleunt and the total monitor reference standard count recorded
replacement intervals are many times longer than target résy the scalers/analyzers during the counting interval. If the
placement intervals on a “pumped” system. relative fluence rates are measured by a neutron monitor during
) irradiation, as when using a single sample transfer system,
9. Sampling record these counts as the monitor counts. As noted in 7.3.2, a

9.1 This test method of oxygen determination is indepenmultichannel analyzer operating in the MCS mode may be used
dent of the method used for taking samples. However, for thosg record the entire irradiation sequence.
applications where the analysis sample is intended to be
re_presentat_lve of a larger body of material, appropriate Sanke defocused as much as possible to prolong target life consistent with
pling techniques must be used. desired neutron outpu.

9.2 Once a sample has been taken, it should be handled In
such a way as to minimize the possibility for contamination. 10.4 Repeat the irradiation-delay-count sequence using the
Preferably, it should be encapsulated as soon as possible wigither comparator standard samples. Record as above the
an inert atmosphere such as dry nitrogen gas. Powderdgonitor count and the total comparator standard count re-
samples often pick up moisture from the air quickly and musgorded by the scalers during the counting interval.
be dried, weighed, and encapsulated quickly. Some organic 10.5 Take the ratio of the activity of the comparator stan-
liquids, especially some fossil fuel byproducts, may diffusedards to that of the monitor for each standard. Plot these ratios
through the walls of polyethylene “rabbits,” resulting in sampleversus milligrams of oxygen in each comparator standard.

Note 4—In “pumped” drift-tube machines the deuteron beam should

weight loss if not analyzed promptly after packaging. Such a plot results in a straight line intersecting the milligrams
o o of oxygen axis at a point less than zero. The exact point
10. Calibration and Standardization depends on the oxygen content of the particular packaging

10.1 Prepare at least three weighed samples of material withaterial used in the preparation of the series of standards. This
oxygen contents known to three significant figures, bracketingmount of oxygen can now be used to adjust the individual
the expected range in the samples. Many stoichiometripoints so that the extended line goes through zero if no oxygen
oxygen-bearing materials are available for use as comparat@ere present. This plot can then be used directly with experi-
standards. The weighed samples may be either pure, onental sample activities to compute oxygen contents.
composite standards with an added diluent. In preparing 10.5.1 Standards prepared by graphite dilution have a den-
comparator standards, it may be necessary to blend thaty of abou 1 g cmi®, and are used to determine oxygen in
oxygen-bearing material with a relatively oxygen-free “filler” materials having a variety of densities. Gamma rays lose their
material, such as graphite, or resublimed sulfur, which can benergy by through interactions with matter that are dependent,
obtained in high purity and with low oxygen content, such thatin part, on density. In order to make the graphite standards
the geometry of the standards will conform to that of theapplicable to samples of varying density, it is sometimes
samples. It is necessary to take into account the small oxygemecessary to apply a correction factor to compensate for the
content of the filler and the plastic irradiation container inattenuation of the gamma radiation by the sample itself. This
assigning an oxygen content to the standard. correction can be determined by the use of a series of samples

10.2 Put the BEneutron monitor (if used), scalers, record- of increasing density, but of identical dimensions. For this
ers, amplifiers, and power supplies into operation in accorpurpose, samples are constructed with a hole drilled through
dance with the manufacturer’s instructions. Adjust the voltagethe long axis so that a polymethylmethacrylate rod can be
and gains of the individual detector systems so that they armserted to act as a reproducible source of oxygen. These
operating properly and at the optimum voltages. Using asamples can then be compared to a monitor in the same manner
counting standard of known energy and activity, such as as the previous set of graphite standards. A plot is made of
calibrated pulse generator, adjust the multichannel pulse-heighiensity versus the signal, where the sample of density equal to
analyzer, or scaler-discriminator, so that only those pulse4.0 g cm?is plotted as unity and signals for samples of higher
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density as fractions. This plot will provide an activity correc- where:
tion factor that may be divided into the observed sampleA = the total sample count recorded (corrected for natural
activity, when dealing with samples of variable density, but background).

similar matrix composition. Since gamma-ray sample self- 12.3 Calculate the percent of oxygen as follows:
absorption is also dependent on atomic number (Z), it is

desirable that the average Z of the standards be similar to that oxygen, %= (OM) 100 ®)
of the samples. where:

10.5.2 This test method of preparing and correcting oxygen© = milligrams of oxygen in the sample, and
comparator standards and monitor reference standards resul¥ = milligrams of sample used.

in standards that can be referred to as “primary,” since they are 12-4 The data that must be collected are the background
independent of the methods used in conventional determin&°Tected activities of the sample and the monitdr(d A,
tions of oxygen. The plastic monitor reference standards arEeSPectively), and the weight of the sampl)( Also, a
stable with regard to changes in oxygen content, since there i912nK” value must be determined representing the milligrams
litle or no tendency for oxidation at the monitor surface.©f 0Xygen in the empty sample container without air, or the
Secondary oxygen comparator standards consisting of prevj2dioactivity due to air oxygen. The weight of oxygen in the
ously analyzed materials may also be used as monitors. A set BfanK IS then subtracted from the gross oxygen content
these secondary standards that have different matrix compod{€termined in Eq 2, or alternatively, the ratiéyfn/Ar) 1S
tions and macroscopic densities is useful in matching standardi!Ptracted fromA/A,) before calculating oxygen content in

to samples, hence minimizing potential matrix s;elf-absorptioﬂEq 2. Either way, the net oxygen content in the sample alone is
problems(17) converted to oxygen concentration by Eq 3.

12.5 The standard deviation of the fackgrdue to counting
statistics, may be calculated and minimized by replicate
determinations on the standard samples. SimilarlyAjfis

11.1 Place the weighed sample to be analyzed in an irradiaarge enough that its contribution to the total error is negligible,
tion container identical to those used in the standardizatiofhe counting error of the sample may be calculated ffoamd
procedure. Irradiate, delay, and count in the same sequence,@mbined with that of the standard by the usual methods of
approximately the same neutron fluence ratel0 % would be  propagation of erro(18).
satisfactory). Record the monitor count and the total sample

11. Procedure

count. 13. Precision and Bias
13.1 The precision of the oxygen determinations is depen-
12. Calculation dent upon the counting statistics, the stability of the neutron

12.1 Calculate the results in terms of weight percent o eneration rate (if not monitored), and the reproducibility of

oxvaen as follows. Erom the standards. it is possible tohe irradiation, delay, and counting sequence including sample
de¥§rmine a sensiti\./ity factoK: ' P positioning. Errors due to counting statistics have been dis-

cussed previously. If the procedure using simultaneous irradia-
K = (Agtd An)Wetg (1) tion of a monitor and sample is not used, time variations in the
sample-monitor irradiation delay and counting sequence may

where: . . o

A4 = total count from the comparator standard (correctedbe |mportant causes of error, particularly the reprodu'0|b|l!ty'of
for natural background), the _d_elay time during WhICh the sar_nple Iea\_/es the irradiation

A, = total monitor count (corrected for natural back- position, comes to rest in the counting position, and the_count
ground, if required), is be_gun. Thl_s is particularly true when the generator is Igft

W,, = milligrams of oxygen in the comparator standard, "inning continuously. Normally, more than_ ample time is
and allowed to ensure that the sample and monitor can complete

K = sensitivity in counts per milligram of oxygen per their transport and come to rest before the count is initiated, but
unit monitor count. samples of different masses may leave the irradiation position

at different velocities and, hence, have slightly different irra-

calibration curve, and its value is not affected by the sampleﬂ!aﬂon tm&et; if the %eneraéotr IS rugnlng glcmémluout_sly. A
container “blank” as long as the same “blank” is applicable for Igh-speed imer may be used lo record variable delay imes, or

all experimental points of the calibration curve. Similarly, thethe entire sequence may be continuously recorded as a function

natural detector background should be ordinarily negligibleOf time using a MCS analyzer technique. Another possible

compared to the monitor counf(), but may be significant source of error, if a dual transfer system with a monitor
compared to the standard couAt ), or the sample countj refgrence.standa_rd is n_ot gsed, can arise if the neutron flux
o " varies during the irradiation in such a way that the average flux

This is especially true if oxygen concentrations in the Sampleﬂosed for normalization is different than the average flux for the

?r:)emlot\;]vé IL;:E“E t?zgsztzf?;cl;g:g&r;?;:hould be subtractqast part of the irradigtion period, and the irrao_liation lasts
9 ) ) __longer than thé®N half-life. This causes the flux during the last

12.2 Calculate the oxygen content of the sample in milli-e\; seconds of the irradiation to dominate the correction for
grams as follows: the total neutron flux-time product. This problem may be

oxygen, mg= (A/A,)/K ) avoided by use of a MCS analyzer to record all events in small

12.1.1 The factoK is seen to be merely the slope of the
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time increments during the entire irradiation and countingand sample size. This value has been stated to range from about
sequencg3 and 4). + 2 % at the level where counting statistics are not limiting, to

13.2 The overall precision of this test method is such thats much as+ 15 % when the oxygen concentration is compa-
duplicate samples or replicate runs of the same sample shoulgble to that in the sample container* blank.”

yield results that do not vary by more than three times the 13 4 |n addition to the above precision factors, bias is

standard deviation determined from counting statistics aloneaffected by the dead time of the associated electronic counting

gsmrr:"?g other uncertainties such as improper sampling do NBfrcuits and the setting of the lower level of the pulses accepted
ominate. by the scaler to eliminate spectral interferences. Changes in

13.3 For metal samples in the range from 100 to 200 ugl?his latter factor can also affect precision and it should be

oxygen, the reproducibility has been found to be abo %. o .
However, the precision is highly dependent on the specific?he.Cked pe.r|od|cally to be certain that no change from the
desired setting has taken place.

physical characteristics of the irradiation and counting facility
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