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istry processes, the required separation and analysis time of the melt

lass significantly decreases. The new instrument would also provide a more
detailed analysis of the elemental and isotopic composition of the melt glass.
By completing these tasks simultaneously, this significantly decreases the re-
quired time to conduct these separations and improves the elemental and iso-
topic analysis.
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1. Introduction

The threat of a nuclear weapon detonation by a terrorist organization is a con-

cern to the NNSA and other government agencies that are tasked with the secu-
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rity of the nation and its citizens. These agencies must create novel methods for
safeguarding special nuclear material and developing post-denotation forensic
analysis techniques. In the event that an improvised nuclear device is detonated
the debris that is generated contains valuable elemental and isotropic data to
help identify the age and processing location of the nuclear material. To obtain
this information wet chemistry analysis techniques are used; however, these
methods for investigating post-detonation debris and materials are tedious and
prolonged. The purpose of this research is to develop novel chemical separation

methods to shorten analysis time and improve the retrieved om the de-

phase separation will be discussed.

A method of coupling a traditional gas chr

ecrease the analysis time and material requirements, the melt glass can be
separated and analyzed while it is in the gas phase, thereby eliminating several of
the sample preparation processes. The method explored herein begins after
sample dissolution of post detonation samples. The samples are taken from the
liquid phase to the gas phase and analyzed via thermo-chromatography tech-
niques that can be performed accurately and timely. To perform this process, a
gas chromatography unit is used to separate chemically modified debris samples
[2] [3]. The gas mixture is carried through a quartz column and the compounds
separate based on thermodynamic parameters as described by Auxier et al and
Eichler et al [4] [5]. This process can be modeled by a Monte Carlo model that
utilizes the different enthalpies of absorption and desorption that occurs be-
tween the lanthanide compounds and the wall of the column. The lanthanoid
compounds are heavier than the carrier gas and contain different properties with
regard to enthalpy and entropy. The lanthanide compounds will adsorb to the

sides of the quartz column and depending on the characteristics of the individual
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elements they will desorb from the column thus causing them to separate into
individual peaks, see Figure 1. Based on the differences in entropy and enthalpy
of adsorption and desorption between the compounds and the quartz column,
the elemental compounds can be separated. In order to obtain the necessary
elemental and isotopic analysis, the gas chromatography unit is coupled to an
inductively coupled plasma time-of-flight mass spectrometer (ICP-TOF-MS).
The ICP-TOF-MS is capable of delivering the required isotopic and element data
such that the elemental ratios of the post detonation sample can be calculated.

To ensure accurate and reproducible results, the adsorptig orption, and

(1
(2)

ith super-heavy elements (SHEs) [6] [7], the column was

éta particle detectors, however for the purposes of this

led environment for the quartz column.
ording to the analysis addressed by Garrison ef al and Hanson et al [8],
the temperature of the column drastically changes the results of the chromato-

graphy. Therefore it is crucial to analyze the thermophysical properties of the

| Separated lanthanides |— | Walls of the quartz column
1
v

Carrier Gas

—_—
_—
—_—

Figure 1. Separation that occurs in the column of the GC.
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column to ensure that the proposed apparatus design will create an isothermal
atmosphere.

The apparatus was designed to encapsulate the column in an atmosphere of
air; according Schimdt et al [9], the material properties between the contents in
the column and the heat exchanger material should be similar. If the material
properties are similar, the efficiency of the convective heat transfer rate remains
high which causes the heat transfer heat rate to remain turbulent. As the air
cools around the column, the difference in air temperature between the column

and face of the casing causes the hot air to circulate aroun olumn; this

culate the convective heat transfer rate.

Turbulent convective heat transfer occur ofyfhe Reynolds

gas inside the column, d,

namic viscosity of the gas

can be ¢ by using Equation (4). Where Re is the
Reynold’s Numbe Equation (3), Pr is the Prandtl number of the

quartz column,

be applied to ensure accuracy, see Equation (5); where

age Nusselt number, T

n 1s the temperature of the gas inside

the colu apd T, is the temperature of the gas surrounding the column and
U, e corrected Nusselt number.
2
— 4 2 d s
NU =0.0214| Re5—100 |*(Pr)s * 1+(Thj (4)
N
— (T,
NU,, = NU*| & (5)
TW

The corrected Nusselt number is then used in Equation (6) to determine the
final convective heat transfer coefficient, which measures if a turbulent convec-

tive heat is maintained. Where NU__ is the corrected Nusselt number, & is the

cor

thermal conductivity of the material, and d_ is the diameter of the column.

NuCOI’ * k

— 6
4 (6)

H:

3. Building New Instrument

Because of the high temperatures required for accurate radiochemical separa-

tions, the material used to construct the apparatus must withstand temperatures
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greater than 450°C [10]. Therefore the heaters, thermocouples, and structural
materials were selected to tolerate these temperatures. The structural material
that was selected was a stainless steel 316 alloy with a melting temperature ex-
ceeding 1000 K.

According to the previously shown equations, the adsorption and desorption
properties are directly related to the change in temperature in the column [11].

To maintain a uniform isothermal environment for the column, the case sur-

rounding the column must be heated uniformly. A series of multiple, indepen-

were attached in specific

tions previously discusse accurately/control the temperature along the col-

umn, there needg,to be no 1 ree heating zones along the length of the

Figure 2. The completed instrument.
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that the contacts of the thermocouple are only 0.013 mm thick; this ensures that
the thermocouple detects small changes in temperature within a small period of
time. The CO01-E thermocouples were fabricated according to the specifications
of American National Standards Institute (ANSI). Special Limits of Error ma-
terial specifications with regard to the error margin they allow when measuring
the temperature. Once the CO1-E thermocouples were attached to the casing,
they were calibrated through the controller by using a laser thermometer to en-
sure the accurate temperature was measured.

The thermocouples were attached to the side of the casip ing the 300

sesses. This type of thermal cement also does i che i dtion sur-

rounding the CO1-E thermocouples and cre

The Omega CN1504-

heating zones of the appa

rmal analysis of the new instrument was created by using the Matlab
R2013B [14] software. After completing the model, the results indicated that at
the maximum operating temperature of the quartz column (300°C) the temper-
ature varied 2.3% of a degree (+1°C). Because of the small variation in the tem-
perature down the column, the gas phase separations will be accurate and re-
producible.

The NH4-Ho[hfac]4 and NH4-Er[hfac]4 were injected via syringe into the GC
system, with concentrations of ~4 mg/mL dissolved in ethyl ether, respectively.
The GC was held at a constant temperature of 160°C on the entire column. The
NH4-Ho[hfac]4 and NH4-Er[hfac]4 was eluted at 3345 s and 3365 s, respectively,
see Figure 3 and Figure 4, with a resolution calculated by Equation (7) [15].

RzA[ t ]>1.5 (7)

W

avg

where t, is the retention time of a given peak, R is the separation factor, and
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m165 = "“Ho
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Figure 3. The separation spectrum from the GC-ICP4¥
and Er-167.
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where t,,, is the retention time for the NH4-Ho[hfac]4, t, is the retention time
for NH4-Er[hfac]4, W, is the width at the base of the peak for NH4-Ho[hfac]4,
and W, is the width at the base of the peak for NH4-Er[hfac]4 [17].

The spectra shown in Figure 3 and Figure 4 indicates that the apparatus pro-
vides an interface providing excellent medium for separation. Furthermore, the
system provides excellent resolution between the compounds that are located in
the same group, identical trivalent charge, and similar ionic radius. The separa-
tion factor for the new instrument is 8.5, which translates to a separation of
99.9999%. The compounds, for the experimental run were injected into the
column at 7= 3300 sec.

Figure 3 shows the Ho[hfac]4 compounds that have been separated, and Figure
4 shows the Er[Hfac]4 compounds. This shows that there is a separation of ~20
secs. Also there is a slight separation between the Er-167 and Er-168 isotopes;

therefore, the new instrument can effectively analyze isotopic separations as well.

K2
9 ‘:fg Scientific Research Publishing



J. P. Auxier et al.

5. Conclusion

By creating this new instrument, analysis of both elemental and isotopic separa-
tions can be completed within a 5 minute time span; greatly reducing the time
required to perform analysis from the current chemical separation techniques.
By adding this capability to the nuclear forensic laboratories this would decrease
analysis time and improve elemental and isotropic analysis, thus improving our

national response to a nuclear detonation event.
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