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INTRONUCTION

In order to identify and wmore fully utilize certain unique capabilities
existing in the Departments of Nuclear and Chemical Engincering, a CENTER FOR
ENGIRERERIEG APPLICATIONS OFF RADIOISOTOrES (CEAR) has been established at
North Carolina State Unilversity. Research, tralning and technical services
to industry on measurement problems capable of solution by the use of radio-
isotopes are the prkmary activities of the Center.:

Personnel at CEAR include members of the faculty of nuclear and chemical
engincering, industrial affiliates, post~doctor$l fellows, ana students. The
Center 1s housed in the Purlington Engineering Laboratories at North Carolina
State University in close proximity to the nuciear reactor facilities and the

Enginecering Research laboratories.
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AREAS OF TECHNICAL INTEREST

Industrial measurement problems that can be solved with radioisotope methods
represent the priﬁary applications of interest'to the Center. These applications
féll into the three broad categories:

(1) the usc of radioactive tracers,

(2) the design and use of radioisotopé gauges,
and (3) the design and use of analyzers with radioisotope sources of excitation.
Center cxpefience with tracers concentrates on flow rate ﬁeasuremcnt and process
analysis. Radioisotope gauge experience include the design and use of alpha--
par;icle, bctﬁ—particle, gamma-ray, aﬁd necutron gauges to measure thickness,
density, and moisture in a wide variety of sample types. Radiolsotope excited
analyzer experience includes energy-dispersive X-ray fluorescence and neutron-
capture, prompt-gamma-ray analyvzers to mcasure clemental compositions in such

diverse samples as particulates collected on thin filters and bulk samples of



coil.

The primary approach to cach new problem in all areas is based on an ini-
tial thorough analysis. A variety of analysis methods are utilized, including
rigorous techniques of radiation transport; the very empirical techniques such
as the use of data fitting; or a combination of cmpirical and rigorous
methods.  The initial analyses are thoroughly tested by careful eﬁpcrimental

verification before they ave used for eventual design or calibration purposes.

CURRENRT RESEARCH PROGRAMS

Current research programs include: (1) the use of radioactive tracers
for the study of the mineral processes: comminution, flotation, and crystal-
lization; (2) the design and testing of a beta-particle gauge for the contin-
uous, in-situ measurement of filter cake thigkness of airborne particulatés
collccted on bag filters; (3) the development of mathematical methods for tﬁe
processing of spectral data from energy-dispersive X-ray fluorescence analyz-
ers; and (4) the development of a Monte Carlo simulation of the neutron-cap-

ture, prompt;gamma-rny analyzers for mineral exploration and on-line industri-

al measurement.

Process Analysis with Radiocactive Tracers

The first of these rescarch programs concentrates on the use of radio-
active tracers in the development of the mechanistic approach to first-order
particulate processes in the mineral industry. Radioactive tracers are used
to obtain the residence time distributions (RTD's) and appropriate first-order
rate constants that are necessary to obtain the mechanistic models of each
process. Short-lived radioactive tracers are produced by neutron irradiation
of t%e naterial of interest in a nuclear reactor. These tracers are

subscquently injected with the feed into the process of interest and monitored
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in the process product.  Suhsequent Analysis of the tracer data allows the
developuent of mechanistic models for the process of interest. These models
can be used for both control and design purposes.

For example, a large study program has been carried out on full-scale
_industrial ball mills at a number of locationms throughout the United States.
Performance of mills as large as 4.6 m in diameter by 9.3 m in length with a
feed rate as large as 200 tons/hour has been studied without interruption of
their normal operation. This research program on comminution.was sponsored
by the NFational Scicnce Foundation. Further rescarch extending this approach
to flotation and crystallization processes has been initiated. Investigations

such as these lead to improvements in the operation and control of the process

cquipment.

Beta-Particle Gauge Design

The Environméntal Protcction Agency is sponsoring the dcsign and construction
of a beta-particle backscatter gauge fqr the study of the airborne particulate
filtration process with bag filters via the nondestructive, continuous me;sure—
ment of filter cake thickness. Bag fillters are subjected to preséure variations
and are accordingly displaced from the support structure by unknown amounts.
Tﬁis displacement represcnts a measurement interference for a convenpional
beta-particle gauge.

The solutign.being pursued 1s to use two beta-particle gauges simultan-
eously, each with a different relative sensitivity to filter che thickness
and filter position. The response models of this dual-gauge are solved simul-
tancously to yield a mcasurement of filter cake thickness unaffected by filter

position.

This problem is representative of a number of similar radioisotope gauge



applications where measurcment Intereferences are cncoﬁntcred. The dual-gauge
approach has been successfully applied to various mecasurcment problems, typical
examples of which are the gamma-ray and neutron gauges for measuring the density
and moisture content of compacted soil in highway construction.

Encergy-bispersive X-lay Fluorcscence Analyzers

r

The relatively ncw cnergy-dispersive X-ray fluorescence [EDXRF] analyzers

are casily adaptable for the automatic or semi-automatic processing and analysis

of multiple samples for many clements simultaneously at very high rates. A

major fcqture of the FD)IRF analysis is that the intensities of tﬁe characteristic

X-rays from a wide range of elements are obtained simultaneougly, thereby precludin:

the tedious scanning procedures necessary with wavelength dispersive X-ray

analyzers. To take full advantage of this feature, mathematical techniqués

and subsedﬁqnt computer softwarc are being developed for the rapid and accurate

processing of X-ray fluorescence spectral data. This program has been sponsored

by the Environmental Protection Agency for the processing ‘of eﬁergy-dispersive

. . \

X-Ray fluorescence spectra from airborne particulates collected on thin filters.
The primary efforts in‘this program have becn devoted to the development

of the library linecar least-squares method for the determination of characteristic

X-ray intcnsitieQAand the development of Monte Carlo simulation methods for the

determination of elemental amounts from the known characteristic X-ray intensitiés

when matrix effects and interferences must be accounted f&r- Present research

is airccted tdwardAMontc Carlo simulations of complcté X-ray fluorescence spectra.

The final 6bjective of this work is the complete utilization of all the availabie

information in energy-dispersive X-ray fluorescence spectra.'
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Neutron Capture Prompt Camma--Rny Analyzers
. . 252
The general avallabillity of the spontancous fission radioisotope CE

which emits high intensities of nceutrons and the new Intrinsic germanium
gamma-ray detectors with their excellent resolution and ability to be temperature
cycled without “'amage has greatly increasced interest in the use of neutron
capture promp! gamna-ray analysis. Thils principle of analysis can now be
applied to a number of interesting problems inc;uding in-situ bore-hole
logging for mineral prospecting purposes and the monitoring of the composition
of large industrial process streams.

A progr;m of rescarch has been initiated by the Center to develop a
Monte Carlo simulation of this measurement pFinciple that could be used

as a calibration relationship for eliminating sample matrix interferences.

SERVICES TO INDUSTRY

The CenFer is interested in providing services to industry'involving the
use of radioactive tracers, the design and use of radiolsotope gauges, and the
éesign and use of radioisotope excited anaiyzers.- The primary interest of the
Center in these areas is in the design, development, or one time use of a tracer
method, radioiggtope gauge, or radioisotope excited analyzer. Routine uses after
initial dgvelopmgnt could be turned over to the industrial customer or perhaps
to the Nuclear Services Group located within tﬁe Nuclear Engineering Department

at North Carolina State University. The Nuclear Services Group presently provides

neutron activation analysis services and, routine energy-dispersive Y-ray fluorescerc=

analysis services.



EDUCATTONAT OPPORTQ&KVUH?

Rducﬁtion and training of students and industrial personnel is one of the
activitics of the Center. Affiliation with the Departments -of Nuclear and Chemical
Engincering allows 2 student to obtain a Master's or Doctoral degree in either
of these departments with their thesis rescarch conducted at the Center.

Generally, {ive to tpen graduate students participate in ongoing research projects
of the center.

Post-doctoral rascnrch in radioisotope applications is ancther possible
activity vithin the Center. The funding for post-doctoral fellows may come from
either research grants Lo the Center or from other sources such as the IAEA

fellowship program.

Short courses on different aspects of ridioisotope techniques can be_presented
by the Center. Such a course entitled, "Use of Radiotracer Techniques in Industry
and Enviroﬁﬁental Pollution” has been offered twice to groups of international
scientists from 15 different countries under the sponsorship of tﬁe International
Atomic Energy Agency. A laboratory manual based on this course has been.published
by the IAEA. It is also possible to produce professional-quality videotaped
léctures on basic or specilalized aspects of radioiéotope applica;ions. Tﬁgse

videotapes and associated material may be made available either on loan or for

purchase.

The Center staff are also active in publication of books and monographs.

These include the following:
i) R. P. Gardner and R. L. Ely, "Radioisotope Measurement Applications-
in Engineering”, Reinhold Publishing Corp. New York (1967).

i11) TLaboratory Manual on the Use of Radiotracer Techniques in Industry and
Environmental Pollution™ International Atomic Enerpgy Agency, Vienna (1975).

A monograph entitled, "Analysis and Design of Radioisotope Cauges” by
R. P. Gardner and ¥. Verghese is in preparation.



EQUINERT AND FACTIITIES

The Iaboratories and offices associated with the Center are located in
the Iurlington Engineering Tahoratories. This building also houses a 1 MW
nuclear reactor, a modern cemputerized neutron activation analysis facility
and other enginéering rescarch facilities such as electron microscopes, an
electron microprobe, and X-ray diffraction systems. Access to an IBM 370/170
digital cémputer is‘also available from this building. All of these facilities
are available to Center personnel.

“Fquipment within the inborutorics of the Center include modern radiation
measurenent systems for both laboratory and fieid use, a modern X-ray fluorescence
analysis syéfcm, and various radioisotope sources for experiments. A modern
high-speed data collecting system for field use has been acquired under a

x

grant from the National Science Foundation.

For tracer studies of particulate ﬁrocesses various labératory ang pilot-
plant scale comminution systems, comminution systems, flotation systems, and
crystallization units are available. Close cooperation is maintained with
the Mincralg Rescarch laboratories of the University whe;e pilot-plant studieé

of mineral processes are carried out routinely.

PERSONNEL L '

Robin P. Gardner - Director (CEAR) and Professor of Nuclear and
Chemical Engineering

Kuruvilla Verghese ~ Associate Director (CEAR) and Professor of
Nuclear Engineering

Ronald W. Rousseau - Associate Professor of Chemical Engineering



