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in the liquid flow so that ‘‘product’’ and 
‘‘tails’’ can be collected. This is accom-
plished with the use of suitable reduction/ox-
idation chemical agents that are fully regen-
erated in separate external circuits and that 
may be partially regenerated within the iso-
topic separation columns themselves. The 
presence of hot concentrated hydrochloric 
acid solutions in the process requires that 
the equipment be made of, or protected by, 
special corrosion-resistant materials. 

(1) Fast reacting ion exchange resins/ad-
sorbents. 

Especially designed or prepared for ura-
nium enrichment using the ion exchange 
process, including porous macroreticular res-
ins, and/or pellicular structures in which the 
active chemical exchange groups are limited 
to a coating on the surface of an inactive po-
rous support structure, and other composite 
structures in any suitable form including 
particles or fibers. These ion exchange res-
ins/adsorbents have diameters of 0.2 mm or 
less and must be chemically resistant to con-
centrated hydrochloric acid solutions as well 
as physically strong enough so as not to de-
grade in the exchange columns. The resins/ 
adsorbents are especially designed to achieve 
very fast uranium isotope exchange kinetics 
(exchange rate half-time of less than 10 sec-
onds) and are capable of operating at a tem-
perature in the range of 373 K (100 °C) to 473 
K (200 °C). 

(2) Ion exchange columns. 
Cylindrical columns greater than 1000 mm 

in diameter for containing and supporting 
packed beds of ion exchange resin/adsorbent, 
especially designed or prepared for uranium 
enrichment using the ion exchange process. 
These columns are made of, or protected by, 
materials (such as titanium or fluorocarbon 
plastics) resistant to corrosion by con-
centrated hydrochloric acid solutions and 
are capable of operating at a temperature in 
the range of 373 K (100 °C) to 473 K (200 °C) 
and pressures above 0.7 MPa. 

(3) Ion exchange reflux systems. 
(i) Especially designed or prepared chem-

ical or electrochemical reduction systems 
for regeneration of the chemical reducing 
agent(s) used in ion exchange uranium en-
richment cascades. 

The ion exchange enrichment process may 
use, for example, trivalent titanium (Ti∂3) as 
a reducing cation in which case the reduc-
tion system would regenerate Ti∂3 by reduc-
ing Ti∂4. 

(ii) Especially designed or prepared chem-
ical or electrochemical oxidation systems for 
regeneration of the chemical oxidizing 
agent(s) used in ion exchange uranium en-
richment cascades. 

The ion exchange enrichment process may 
use, for example, trivalent iron (Fe∂3) as an 
oxidant in which case the oxidation system 
would regenerate Fe∂3 by oxidizing Fe∂2. 

C. Any other components especially de-
signed or prepared for use in a chemical ex-
change or ion exchange enrichment plant or 
in any of the components described in this 
appendix. 
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APPENDIX F TO PART 110—ILLUSTRATIVE 
LIST OF LASER-BASED ENRICHMENT 
PLANT EQUIPMENT AND COMPONENTS 
UNDER NRC EXPORT LICENSING AU-
THORITY 

NOTE: Present systems for enrichment 
processes using lasers fall into two cat-
egories: The process medium is atomic ura-
nium vapor and the process medium is the 
vapor of a uranium compound, sometimes 
mixed with another gas or gases. Common 
nomenclature for these processes include: 
First category-atomic vapor laser isotope 
separation; and second category-molecular 
laser isotope separation including chemical 
reaction by isotope selective laser activa-
tion. The systems, equipment, and compo-
nents for laser enrichment plants include: (a) 
Devices to feed uranium-metal vapor for se-
lective photo-ionization or devices to feed 
the vapor of a uranium compound (for selec-
tive photo-dissociation or selective exci-
tation/activation); (b) devices to collect en-
riched and depleted uranium metal as 
‘‘product’’ and ‘‘tails’’ in the first category, 
and devices to collect enriched and depleted 
uranium compounds as ‘‘product’’ and 
‘‘tails’’ in the second category; (c) process 
laser systems to selectively excite the ura-
nium-235 species; and (d) feed preparation 
and product conversion equipment. The com-
plexity of the spectroscopy of uranium 
atoms and compounds may require incorpo-
ration of a number of available laser and 
laser optics technologies. 

All surfaces that come into direct contact 
with the uranium or UF6 are wholly made of, 
or protected by, corrosion-resistant mate-
rials. For laser-based enrichment items, the 
materials resistant to corrosion by the vapor 
or liquid of uranium metal or uranium alloys 
include yttria-coated graphite and tantalum; 
and the materials resistant to corrosion by 
UF6 include copper, copper alloys, stainless 
steel, aluminum, aluminum oxide, aluminum 
alloys, nickel or alloys containing 60 percent 
or more nickel by weight, and fluorinated 
hydrocarbon polymers. Many of the fol-
lowing items come into direct contact with 
uranium metal vapor or liquid or with proc-
ess gas consisting of UF6 or a mixture of UF6 
and other gases: 

(1) Uranium vaporization systems (atomic 
vapor based methods). 

Especially designed or prepared uranium 
metal vaporization systems for use in laser 
enrichment. 
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These systems may contain electron beam 
guns and are designed to achieve a delivered 
power (1 kW or greater) on the target suffi-
cient to generate uranium metal vapour at a 
rate required for the laser enrichment func-
tion. 

(2) Liquid or vapor uranium metal han-
dling systems and components (atomic vapor 
based methods). 

Especially designed or prepared systems 
for handling molten uranium, molten ura-
nium alloys, or uranium metal vapor. 

The liquid uranium metal handling sys-
tems may consist of crucibles and cooling 
equipment for the crucibles. The crucibles 
and other system parts that come into con-
tact with molten uranium, molten uranium 
alloys, or uranium metal vapor are made of, 
or protected by, materials of suitable corro-
sion and heat resistance, such as tantalum, 
yttria-coated graphite, graphite coated with 
other rare earth oxides, or mixtures thereof. 

(3) Uranium metal ‘‘product’’ and ‘‘tails’’ 
collector assemblies (atomic vapor based 
methods). 

Especially designed or prepared ‘‘product’’ 
and ‘‘tails’’ collector assemblies for uranium 
metal in liquid or solid form. 

Components for these assemblies are made 
of or protected by materials resistant to the 
heat and corrosion of uranium metal vapor 
or liquid, such as yttria-coated graphite or 
tantalum, and may include pipes, valves, fit-
tings, ‘‘gutters,’’ feed-throughs, heat ex-
changers and collector plates for magnetic, 
electrostatic, or other separation methods. 

(4) Separator module housings (atomic 
vapor based methods). 

Especially designed or prepared cylindrical 
or rectangular vessels for containing the 
uranium metal vapor source, the electron 
beam gun, and the ‘‘product’’ and ‘‘tails’’ 
collectors. These housings have multiplicity 
of ports for electrical and water feed- 
throughs, laser beam windows, vacuum pump 
connections, and instrumentation 
diagnostics and monitoring with opening and 
closure provisions to allow refurbishment of 
internal components. 

(5) Supersonic expansion nozzles (molec-
ular based methods). 

Especially designed or prepared supersonic 
expansion nozzles for cooling mixtures of 
UF6 and carrier gas to 150 K (¥123 °C) or less 
which are corrosion resistant to UF6. 

(6) ‘‘Product’’ or ‘‘tails’’ collectors (molec-
ular based methods). 

Especially designed or prepared compo-
nents or devices for collecting uranium prod-
uct material or uranium tails material fol-
lowing illumination with laser light. 

In one example of molecular laser isotope 
separation, the product collectors serve to 
collect enriched uranium pentafluoride (UF5) 
solid material. The product collectors may 
consist of filter, impact, or cyclone-type col-
lectors, or combinations thereof, and must 

be corrosion resistant to the UF5/UF6 envi-
ronment. 

(7) UF6/carrier gas compressors (molecular 
based methods). 

Especially designed or prepared compres-
sors for UF6/carrier gas mixtures, designed 
for long term operation in a UF6 environ-
ment. Components of these compressors that 
come into contact with process gas are made 
of, or protected by, materials resistant to 
UF6 corrosion. 

(8) Rotary shaft seals (molecular based 
methods). 

Especially designed or prepared rotary 
shaft seals, with seal feed and seal exhaust 
connections, for sealing the shaft connecting 
the compressor rotor with the driver motor 
to ensure a reliable seal against out-leakage 
of process gas or in-leakage of air or seal gas 
into the inner chamber of the compressor 
which is filled with a UF6/carrier gas mix-
ture. 

(9) Fluorination systems (molecular based 
methods). 

Especially designed or prepared systems 
for fluorinating UF5 (solid) to UF6 (gas). 

These systems are designed to fluorinate 
the collected UF5 powder to UF6 for subse-
quent collection in product containers or for 
transfer as feed for additional enrichment. In 
one approach, the fluorination reaction may 
be accomplished within the isotope separa-
tion system to react and recover directly off 
the ‘‘product’’ collectors. In another ap-
proach, the UF5 powder may be removed/ 
transferred from the ‘‘product’’ collectors 
into a suitable reaction vessel (e.g., fluid-
ized-bed reactor, screw reactor or flame 
tower) for fluorination. In both approaches, 
equipment is used for storage and transfer of 
fluorine (or other suitable fluorinating 
agents) and for collection and transfer of 
UF6. 

(10) UF6 mass spectrometers/ion sources 
(molecular based methods). 

Especially designed or prepared mass spec-
trometers capable of taking on-line samples 
from UF6 gas streams and having all of the 
following characteristics: 

(i) Capable of measuring ions of 320 atomic 
mass units or greater and having a resolu-
tion of better than 1 part in 320; 

(ii) Ion sources constructed of or protected 
by nickel, nickel-copper alloys with a nickel 
content of 60 percent or more by weight, or 
nickel-chrome alloys; 

(iii) Electron bombardment ionization 
sources; and 

(iv) Collector system suitable for isotopic 
analysis. 

(11) Feed systems/product and tails with-
drawal systems (molecular based methods). 

Especially designed or prepared process 
systems or equipment for enrichment plants 
made of or protected by materials resistant 
to corrosion by UF6, including: 
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(i) Feed autoclaves, ovens, or systems used 
for passing UF6 to the enrichment process; 

(ii) Desublimers (or cold traps) used to re-
move UF6 from the enrichment process for 
subsequent transfer upon heating; 

(iii) Solidification or liquefaction stations 
used to remove UF6 from the enrichment 
process by compressing and converting UF6 
to a liquid or solid; and 

(iv) ‘‘Product’’ or ‘‘tails’’ stations used to 
transfer UF6 into containers. 

(12) UF6/carrier gas separation systems 
(molecular based methods). 

Especially designed or prepared process 
systems for separating UF6 from carrier gas. 

These systems may incorporate equipment 
such as: 

(i) Cryogenic heat exchangers or 
cryoseparators capable of temperatures of 
153 K (¥120 °C) or less; 

(ii) Cryogenic refrigeration units capable 
of temperatures of 153 K (¥120 °C) or less; or 

(iii) UF6 cold traps capable of freezing out 
UF6. 

(13) Lasers or Laser systems. 
Especially designed or prepared for the 

separation of uranium isotopes. 
The laser system typically contains both 

optical and electronic components for the 
management of the laser beam (or beams) 
and the transmission to the isotope separa-
tion chamber. The laser system for atomic 
vapor based methods usually consists of tun-
able dye lasers pumped by another type of 
laser (e.g., copper vapor lasers or certain 
solid-state lasers). The laser system for mo-
lecular based methods may consist of CO2 la-
sers or excimer lasers and a multi-pass opti-
cal cell. Lasers or laser systems for both 
methods require spectrum frequency sta-
bilization for operation over extended peri-
ods of time. 

(14) Any other components especially de-
signed or prepared for use in a laser-based 
enrichment plant or in any of the compo-
nents described in this appendix. 

[79 FR 39296, July 10, 2014] 

APPENDIX G TO PART 110—ILLUSTRATIVE 
LIST OF PLASMA SEPARATION EN-
RICHMENT PLANT EQUIPMENT AND 
COMPONENTS UNDER NRC EXPORT 
LICENSING AUTHORITY 

NOTE: In the plasma separation process, a 
plasma of uranium ions passes through an 
electric field tuned to the 235U ion resonance 
frequency so that they preferentially absorb 
energy and increase the diameter of their 
corkscrew-like orbits. Ions with a large-di-
ameter path are trapped to produce a prod-
uct enriched in 235U. The plasma, made by 
ionizing uranium vapor, is contained in a 
vacuum chamber with a high-strength mag-
netic field produced by a superconducting 
magnet. The main technological systems of 

the process include the uranium plasma gen-
eration system, the separator module with 
superconducting magnet, and metal removal 
systems for the collection of ‘‘product’’ and 
‘‘tails.’’ 

(1) Microwave power sources and antennae. 
Especially designed or prepared microwave 

power sources and antennae for producing or 
accelerating ions having the following char-
acteristics: Greater than 30 GHz frequency 
and greater than 50 kW mean power output 
for ion production. 

(2) Ion excitation coils. 
Especially designed or prepared radio fre-

quency ion excitation coils for frequencies of 
more than 100 kHz and capable of handling 
more than 40 kW mean power. 

(3) Uranium plasma generation systems. 
Especially designed or prepared systems 

for the generation of uranium plasma for use 
in plasma separation plants. 

(4) Uranium metal ‘‘product’’ and ‘‘tails’’ 
collector assemblies. 

Especially designed or prepared ‘‘product’’ 
and ‘‘tails’’ collector assemblies for uranium 
metal in solid form. These collector assem-
blies are made of, or protected by, materials 
resistant to the heat and corrosion of ura-
nium metal vapor, such as yttria-coated 
graphite or tantalum. 

(5) Separator module housings. 
Especially designed or prepared cylindrical 

vessels for use in plasma separation enrich-
ment plants for containing the uranium plas-
ma source, radio-frequency drive coil, and 
the ‘‘product’’ and ‘‘tails’’ collectors. 

These housings have a multiplicity of ports 
for electrical feed-throughs, diffusion pump 
connections, and instrumentation 
diagnostics and monitoring. They have pro-
visions for opening and closure to allow for 
refurbishment of internal components and 
are constructed of a suitable non-magnetic 
material such as stainless steel. 

(6) Any other components especially de-
signed or prepared for use in a plasma sepa-
ration enrichment plant or in any of the 
components described in this appendix. 

[79 FR 39297, July 10, 2014] 

APPENDIX H TO PART 110—ILLUSTRATIVE 
LIST OF ELECTROMAGNETIC ENRICH-
MENT PLANT EQUIPMENT AND COMPO-
NENTS UNDER NRC EXPORT LICENS-
ING AUTHORITY 

NOTE: In the electromagnetic process, ura-
nium metal ions produced by ionization of a 
salt feed material (typically UCL4) are accel-
erated and passed through a magnetic field 
that has the effect of causing the ions of dif-
ferent isotopes to follow different paths. The 
major components of an electromagnetic iso-
tope separator include: a magnetic field for 
ion-beam diversion/separation of the iso-
topes, an ion source with its acceleration 
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