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ABSTRACT

Refinements of the design of the 50 MT/vear Experimental Process
System Development Unit (EPSDU) have been made and competitive bids have
baen received from mechanical, electrical, and structural contractors.

Bids on most of the equipment have been raceived and catalcged. Emergency
procedures have been defined to counter a variety of contingencies disclosed
in operations and safety reviews.

Work is being continued with the fluidized-bed model to define
conditions under which useful segregation of large particles can be obtained,
Experimental work with an electrolytic cell for zinc chloride disclosed no
significant increase in power efficiency by steps taken to increase electrolyte

circulation.
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On the basis of materials compatibility and permeability tests,
310 stainléss steel was chosen for the shell of the fluidized-hed reactor
and SiC-coated graphite for tlie liner,
Experiments on the volatility of lead, iren, and cadmium at the
ppmt level in zine at 1lts boiling point are being continued with provisions
being made to wlthdraw molten samples so as to avold segregation on freezing,

believed to be the cauge of earlier discrepancies,
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INTRODUCTION

This Thirteenth Ouarterly Report 1s the second of the Phase III
effort at Battelle's Columbus Laboratories (BCL) for DOE/JPL on the Evalua-
tion of Selected Processes for the Production of Low-Cost Silicon. Phase IIX
is directed toward the construction and operation of a 50 MT Si/year Experi-
mental Process System Development Unit (EPSDU)* for the production of granular
semiconductor-grade silicon by the zine vapor reducticn of silicon tetra-
chloride in a fluldized bed of seed particles,

During this report period, in addition to the EPSDU-oriented work,
supportive activities have been carried our that will facilitate timely and
trouble-free progress in establishing the EPSDU onece the authorization to
Initiste construction is given.

Consistent with the format used in the past, this report is divided
into two sections, the first dealing with the actual design aund costing of

the EPSDU, and the second, with the concurrent experimental support pregram,

The designation of the 50 MT/year facility was changec to "Experimental
Process System Development Facility" (EPSDU) in Unilateral Modification
No. 15 (July 19, 1978) of the contract for this work, No. 954339. How-
ever, the old term "Experimental Process Facility'" (EPF) was continued

in use through the Eleventh/Twelfth Quarterly Report and the Final Report
on Phases I and II of the Program, DOE/JPL 954339, dated July 9, 1978,
and issued in Japuarv, 1979, The new term will be used in this and
subsequent treports.
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DESIGN OF THE EXPERIMENTAL PROCESS
SYSTEM DEVELOPMENT UNIT (EPSDU)

The design of the EPSDU was completed at Raphael Katzen Assoclates
International, Inc. (RKAIL), with the cooperahion of BCL personnel, No
bagic changes have been made in the design since those discussed in ihe
Eleventh/Twelfth Quarterly Report. Refinements have included:

(1) Silicon tetrachloride purification system

(a) Storage tanks TKLl and TKZ2 reinstrumented to
operate at gas-purge pressure (<1/2 psig)
instead of purification-~gystem pressure
(10 psig) for increased safety

(b} By-pass circults provided on pumps to permit
operation under more variable load situations

(2) Reactor

(a) Tap closure design modified to simplify
asgenbly

(b) Sight port and silicon seed values redesigned
to improve performance

(¢} Support structure modified to simplify
installation and removal

(d) Distributor plate redrsigned to simplify
and enlarge zinc inlet annulus

(e) Shell to be fabricated by rolling 3/16-inch
plate instead of using pipe, to facilitate
tulivery and lessen size restriction

(f) Preferred liner candidate changed from
sintered S1iC to SiC-coated graphite because
of the probability of improved silicom
product purity and decreased permeability

(3) Reactor furnace

(a) BReactor furnace modified to include two 20 kw
and three 10 kw individually controlled heated

zones to enhancte reactor temperature control
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(4)

(3

(6)

(7)

(8)

(9)

(b)

Design voltage changed from 220-volt to
440~-volt service to be compatible with a

centralized power control

Reactor Condenser

(a)

Zinc
(2)

Therminol "66" (liquid at ambient tempera-
tures) substituted for "88" (solid at
ambient *emperatures) to eliminate the
need for a heat-up system, in view of the
fact that the condenser has been redesigned
to operate at 350 C instead of 500 C

and zinc chloride storage tanks

Design detaills of inlet, purge, instru-
mentation feed-through modified to assure

more positive sezal and simplify constructien

Flactrolytic cell

(a)

(b)

(e)

Zinc
(a)

(b)

Design modified to accept Glassrock sheet

in place of a castable insulation to minimize
a potentidal contamination and ilmprove resis-
tance to chlorine

Zine outlet redesigned to overcome antici-
pated operaticnal problems

Use of water-cooled electrical hus system
adopted to simplify installation and repair
vaporizer

Design modified to include bottom inlet, top
outlet, and baffles to improve operability
Zinc control valve between vaporizer and zinc
storage attached to vaporizer support to

enhance operation and facilitate shut-down

Chlorine supply al‘ ared significantly upon

recommendations of the BCL safety group

Selected equipment added and duplicated as indi-

cated by an emergency analysis involving loss of
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power, cooling water, or instrument ailr, and
events such as fire, flood, and tornado,

In addition to the above-specified modifications, numerous small
details have been altered as required to accommodate problems with material
avallability, materials compatibility, and equipment assembly, and to
account for identifiable potential operational problems,

EPSDU Model

As part of rhe design activity, two models of the EPSDU have been
made, ore primarily for display purposes, consisting of only the Reactor/
Recovery section of the facility (Figures 6 and 7 of the Eleventh/Twelfth
Quarterly Report), end the other, a 1/16 scale model of the entire facility,
The latter, delivered ko BCL in November, 1978, was constructed (1) to
facilitate the layout and piping phases of the design, (2} to aild construc=-
tion conktractows i cost estimation, and (3) to serve as reference during

constructic. #Figures 1 through 4 show four views of the model.

Bid Procurement

Specifications for all items of individual equipment have been
sent out for bids and repliss have been received from most of the vendors
and catalogued. It is too early to refine the equipment cost estimate.
However, many bids are falling close to the estimites made originally., As
soon as all blds have been received, a new estimate of total equipment cost
will be made,

The tabulation below shows the contractor blds receive=d for
construction of the EPSDU,

Bids received from three each of mechanical contractors and elec-
trical contractors came within 17 percent of the average for each group.
Bids from the three structural/concrete contractors agreed to within 3 per-
cent of the average, If the next lowest of the four electrical contractor's

bids is added to the lowest bids of the other contractors, the total is very
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close (within a few thousand dollars) of the construction cost used at the
end of Phase Il of this program in arriving at the estimated total cost of
$1.6 x 10° for the EPSDU,

Administrative*
and Equipment
Bid Purchase
Mechanical
Contractor A $192,159 3,85 percent
Contractor B 190,000 5.0 percent
Contractor C 245,000 10,0 percent
Electrical
Contractor A § 92,560%%
Contractor B 213,364
Contractor C 250,600
Contractor D 283,841
Structural/Concrete
Contractor A $ 57,000
Contractor B 58,400
Contractor C 60,800

As an expedient with the current Phase III, the managerial approach
adopted initially assumed that BCL personn. : would purchase the equipment
and act as the general contractor dealing with each type of contractor
individually during the plant construction., This approach would be expected
to (1) provide a total cost estimate in the shortest time, (2) result in
the lowest total cost because of the add-on costs charged by a contractor
to buy equipment and handle the other contractors, but (3) present the most
uncertainty Iin cost, scheduling, and possibly quality of workmanship.

The approach outlined above did provide the cost information
required quickly. However, after receiving the mechanical contractor bid

of only 3.85 percent fee and considering the advantage of the mechanical

*  Fraction of equipment and other contractor cost that would be charged
if they had the responsibility of purchasing equipment and administering
other contractors.

%

This bid is considered suspect and must be reviewed with the contractor
for a misinterpretation before being vonsidered a valid bid.

11
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contractor's acting as a general contractor, 1t was decided that this
approach to construction management would be by far the best with respect

to minimization of potential problem areas, and preobably cost.

Safety Review

A safety review, by the BCL Safety Office, of the design and planned
operaticn of the EPSDU is underway. In addition, the project personnel have
examined the effect of loss of power, of cooling water, and of instrument
air on each unit operation, as well as of inoperability of critical pieces
of equipment due to mechanical failure,

In general, it was concluded that instrument air and cooling water
supplies must be maintained during an eorderly shut-~down. Instrument air
can be provided by an emergency compressed air supply in the form of
cylinders or a gasoline-powered air compressor. Another possibility wnuld
be to use nitrogen from the plant’'s cryogenic supply. Provisions will be
made to quickly connect to city water in the event of fallure of the process
water supply (recirculated well-water) used for coocling.

It was tentatively decided that it was too expsneive (and unnecessary)
to provide the capability to operate the entire plant in the event of a power
fatlure, but that selected pieces of equipment would be critical in an orderly
shut-down, such as the waste treatment system, a portion of the Therminol
system, and the sump pump for moving S4Cl, to emergency storage., It was
estimated that the required equipment could be handled by a 75~KVA diesel-~
powered generator. Furthermore, it was decided that only the primary scrubber
recirculation, NaOH transfer pump, and sump pump need be paralleled to pro-
vide their functions in the event of a mechanical failure,

Other minor safety or emergency procedures were also identified.

Conformance With EPA Regulations

EPA forms for approval to operate were completed, but will not be
filed until the date for initilating EPSDU construction 1s set,

12
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EXPERIMENTAL SUPPORT PROGRAM

During the peried covered by this report, experimental support
work was continued in the following areas:

(1) Fluidized bed modelling

(2) Zinc chloride electrolysis

(3) Materials compatibility

(4) Vaporization of zinc.

These subjects wlll be discussed in turn.

Fluidized Bed Modelling

Full-scale® modelling of the f£luidized~bed reactor was continued
in an effort to define the conditlons under which segregation of particles
and preferential withdrawal would occur to the extent that would prevent
the growth of a few large particles to where they might bleock the particle-
withdrawal tube. It should be noted that this question becomes academic if
the entire bed is withdrawn and screened frequently enough to arrest growth
of the large particles, Total bed withdrawal 1s planned prior to removal
by chlorination of the silicon wall deposit, nominally once a week, If it
is not necessary to remove the wall deposit that frequently, limitaticn of
large-particle growth might then determine the cycle., However, as it is
most economical tp maximize on-stream time, the prospect of automatically
limiting the particle growth by prefer.ntial discharge of large particles
rather than by total bed withdrawal is of interest.

In early work with a flat-plate gas distributor (page 51 of

Kk

Phase I/II Final Report**), segretation of large particles was observed

* Diameter = 7 inches corresponding to that of one of the two 25 MT/year

fluidized~bed reactors in the 50 MT/year EPSDU,

*%  Final Report for Phases I and II, DOE/JPL 954339-78/11, July 9, 1978.

*%%  particles (v5000 um) having about 10 times the diameter of the remainder

(99.9 w/o) of the particles of the bed.

13
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at the bottom of the bed., Thus, preferential discharge could be antici-

pated. However, in experiments with the round-bottom distributor (Figure 14
of the Final Report), little if any segregation of ~5000 um balls was obtained,
The difference is believed to relate to the inecreased bed activity in the
inlet region that is characteristic of the round-bottom design. It should

be noted that in both designs, a minimum of bed activity must be maintained

at any point to prevent agglemeration and bridging., Apparently at some

luvel of bed activity higher than that minimum, the segregation tendency

in the area of the gas inlets can be erased.

During the next report period, modelling experiments will be made
with "large" particles ranging from 8000 ym to 10,000 um in a hypothetical
steady-state bed (200 to 1000 um), to determine whether a range of condi-
tions exists in which useful segregation of the large particles can be
obtained.

Zinc Chloride Electrolysis

Experiments with a cell for the experimental electrolysis of liquid
ZnCl, have been described in the Phase I/II Final Report and in Quarterly
Reports of thils series. Electrolysis of the ZnCl, by-product of the
”miniplant"* to yield zinc and chlorine for recycle, and to chlorinate
the by-product gas-phase-nucleated silicon from the fluidized-bed reactor
was demonstrated. However, although runs with curxent efficiencies of
the expected 95 percent were made, the current efficiency sometimes fell
short, and the power efficienecy, around 20 percent, was consistently below
the ~36 percent obtained by the Bureau of Mines in a small cell and projected
for their 50,000-amp cell,

In an effort to learn more about the system and to raise the
power efficiency if possible, a more flexible closed cell was designed in
which the entire electrode assembly is brought in from the cell cover so

that it can be immersed in the 55 wm/o ZnCly;-45 m/o KCl electrolyte contained

* Containing (e.g.) 7 percent of residual elemental zinc and 3 percent

of finely divided <1 pm silicon.

14
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in a 1000-cc Pyrex beaker. No more than 20 percent of the ZnCl,; 1s electro-
lyzed during any run so that the ZnCl, concentration does not drop belew

49 m/o., As shown by the work at the Bureau of Mines (1) (Figure 5), this
change should have little effect on the results.

Aside from the fact that the Bureiu of Mines experimental cell
in which the data of Figure 5 were taken was an open cell, the major difference
in the cell being used in the present work is the larger electrodes (8,9~ versus
3,8-cm diameter) for which the removal of chlorine from the electrode area
would be more difficult and shielding of the ancde by chlorine gas bubbles
potentially more or a problem. The graphite electrodes in the present cell
are 8,8-cm diameter near-horizontal plates, leaving 0.6 cm clearance at the
container wall, Rather than to complicate the cell cover design by using
massive electrodes, graphite rods of convenlent size are used to make the
connections to the anode and cathode. The claculated IR drop in these leads
(e.g., 2 V at 45 amp) is subtracted from the measured cell voltage in deter-
mining the power efficiency of the cell.

Six experiments with electrodes of different configuration and
spacing are summarized in Table 1. The major objective of these experimentsg
was to explore the effect of enhanced chlorine removal and electrolyte
circulation on the power efficiency of the cell., Although a number of
changes in electrode design were made, the effects of the changes on the
initially improved, ~30 percent, power efficiency were so small (in most
cases 1 to 2 percent) as to possibly be within experimental error and
make difficult the correlation of any real but minor effect,

Although one might attempt to draw a coneclusion from a comparison
of the results of Runs 2 and 3 regarding the effect of slotting the inclined
electrodes, the presence of other variables clouds the picture. Although
the slotting should decrease gas-bubble shielding of the anode by facili-
tating the removal of chlorine, increasing the current density acts in
the opposite direction. The temperature difference may also have an
effect [expected 5 relative percent decrease in power efficiencycl)].
Further, the low current efficlency in Run 2 is hard to explain in the

light of prior and subsequent experiments in which current efficilencies

15
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TABLE 1. SUMMARY OF ZnCl, PRODUCT ELECTROLYSIS
EXPERTMENTS AT 500 c(@

Electrode Current Power Current Average
Run Spacing, Density, Efficiency, Efficiency, Temperature,
Number(b) Electrode Configuration cm amp/cm? percent percent C

2 Planar electrodes inclined 4 degrees 1.27 0.59 31.9 86.1 477

4 degree inclined electrodes,
3 8 degree slotted anode'® 1.27 0.72 28.0 93.7 501

4 degree inclined electrodes,
4 B degree slotted and perforated 1.27 0.76 30.9 95.3 492

anode

4 degree inclined electrodes,
8 degree slotted and perforated(d) 1.27 0.76 30.7 95.1 502

3
anode, forced gas purge\®
o 12 degree inclined planar electrodes 1.27 0.80 31.8 95,1 503
7 12 degree inclined planar electrodes 1.90 0.75 31.5 96.1 504
(a) ZnCly by-product of the miniplant, containing approximately percent ZaClsp, percent zinc, and
percent Si; admixed 55 m/o with 45 m/o KCl.
(b) In Run 1, the cell temperature range was excessively broad, so the data are not included.
(c) Tour 0.32-cm rectangular grooves in the direction of iucline, spaced 1.6 cr, the “bottom" cf the grooves
inclined at 8 degrees to horizontal.
(d) 0.32-cm-diameter holes through anode at 1.27-cm intervals along the grooves.
(e) Argon purge of underside of anode 43X rate of Cl, evolution.



have been consistently above 90 percent., In this case, a problem was
experienced with recovery of the zinc product which may account for the
low current efficiency., It is probably advisable to discount the results
of Run 2.

The effect of perforating the anode (Run 4) to aid in the chlorine
release was in the direction expected, i,e., an increase in both current
and power efficiency.

In Run 5, the effect of bringing in a purge gas (argon) under
the low side of the anode to increase salt circulation® was investigated,

No net effect was observed., Thus, if any advantage was galned from increased
salt circulation, it may have bheen offset by increased shielding of the anode
by the additional gas.

Increasing the inclination of the electrodes to 12 degrees to
horizontal (the maximum that can be accommodated in the EPSDU electrolytic
cell design) appears to have been beneficial despite the absence of grooving
and perforation. Increasing the electrode spacing from 1.27 to 1.9 cm
decreased the power efficlency by only 1 relative percent [a 5 relative
percent decrease was recorded at the Bureau of Mines(1) 1n 13 m/o ZnClp-

36 m/o KC1-51 m/o LiCl under otherwise comparable conditions].

Work with the experimental cell will be continued to determine
whether the power efficlency can be brought up to the 36 percent level
obtained in the Bureau of Mines work. However, it should be noted that
the 2 kwh per pound of zinc adopted as the electrolytic power requirement
in the process cost calculations (Phase I/II Final Report) corresponds to
a power efficiency of only 29.3 percnet. The net cost reduction of reaching

36 percent power efficiency would amount to $0.12 per kg of silicon.

Materials Compatibility/Permeability

Tests were made during the report period on (1) the compatibility
of stainless steel and nickel-base alloys with zine and ZnCl, and (2)

silicon carbide permeability,

* Directed at decreasing possible local ZnCl, depletion. Argon was intro-

duced at about 3X the volumetric chleorine gensration rate.

18
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Althiough it was expected that, because of the nickel~zinc eutectic
at 876 C, nickel-bagse superalloys would be attacked by zinc vapor, exposure
vof these and the austenetic stainless steel alloys was undertaken to show
the difference. Chromium was also included in this study,

The nickel-base alloys Inconel 625 and 617 ware indeed badly
attacked by zinc vapor at 900 C with 304, 310, and 316 stainles; steels
ghowing lesser attack, Chromium showed the least attack of any of the
materials evaluated. Although it would appear from this test that chromium
should be selected for use in those areas having a potentilal for exposure
to zine vapor, 310 stainless steel was selected for the followlng reasons:

(1) Chromium 1s a poor structural material and would

normally be used only as a coating applied by
plasma spray or electroplating processes which
typically results in defect chromium coatings

(2) Stainless steel (especially 310) has good

structural integrity at the temperature at
which the reactor shell is expected to operate
and exhibited moderately good resistance to
zine vapor (0,04 ipy formation of © phase),.

The reactor is to be lined with silicon carhide~coated graphite
and appropriately purged to discourage access of the zinc vapor to the
stainless steel., A further precaution could be employed, i1f a need is
indicated, i.e., spraving the shell internally with tungsten, which is
known to be resistant to zine vapor, or possibly with chromium, Thus, only
the inherent porosity (e.g., <10 percent) of the tungsten coating and such
flaws as are present in the chromium coating will be factors in permitting
exposure to zine vapor.

To explore the possibility'that a lining might be avoided in
equipment in contact with ZnClp, at 350 C where zinc might remain suspendad
as a solid, coupons of nickel-base alloys and stainless steels were exposed
to ZnCl, containing residual suspended zinc for periods up to 552 hours.

E-brite 29-4 and E-brite 26~1 sheet specimens and a Type 316

stainless steel weldment experienced weight losses of 1.5 to 2 x 107% gm/em?

19
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after 552 hours ([equivalent to 0,004 inch/year (linear)]., The Type 316
stainless steel welument initially (after 144 hours) had expericiced a
weight gain of 1.75 x 10™% gm/em= (0.7 "4 inch/year), A Haynes Alloy-20
flat sheet specimen, on the other hand, expei.enced a net weight gain of
only 1 x 1075 gm/cm? after 552 hours of exposure (0.0002 inch/year) but
initially (after 144 hours) had gained 2.4 x 107" gm/cm? (0.018 inch/year),
£ Type 310 stainless steel weldment reacted in a manner similar to the
Haynes 20, gaining a maximum of 2.6 x 10”% gm/cm? (0.02 inch/year) after
144 hours with a net welght gain after 552 hours of 1.5 x 10”% gm/cm?
{0.003 inch/year).

Dimensional measurements were taken at intervals during the expo-
sure testlng to compare the cuduges in the weld metal with those of the
adjacent material. The Typa 310 and 316 stalnless steel weld beads experi-
enced thickness losses of 2.1 and 4.3 x 1073 cm, respectively, after the
£irst 300 hours of e, ssure with little or no measurable change thereafter.
The material adjacent to these two welds experienced alternating increases
and decreases in thickness of the ovder of 2 to 6 x L0™% cm/side over the
course of the exposure period. The other alloys tested showed greater
variations In both weight and thickness over the duration of the test,

These data are consistent with those in the MACE "Corrosion Data
Survey", Fifth Edition (1974), which reports corrosion rates of 0,020-0,050
inch/year in molten ZnCl, for Inconel 600 at 370 C, and »0,002 but <0,020
inch/year for Hastelloy B at 350 C. Mo data were reported for the alloys
tested at BCL.

In light of the above results and availability of standard mill
shapes, Type 316 stainless steel has been selected for use in those portions

~of the EPSDU exposed to ZuCl, at 350 C, with the exception of thé pump used
' to circulate ZnCl; in the reactor by-product condenser which will be made
of E-brite alloy if available.

Refrax -20*, a2 silicen nitride-~bonded silicon carbide, was tested

in various forms for permeability as a potential material for lining the

%

Carborundum Corporation, Niagara Falls, New York.
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fluidized-bed reactor of the EPSHU, Refrax -20 is normally avallable (1)

as a cast macerial, containing 5 percent clay as a binder and (2) as a
pressed and sintered material. The cast material permits the greater design
flexibilicy; however, the presence of the normal 5 percent clay binder is
undesirable in terms of maintenance of high purity in the product of the
EPSDU, Thus it became of interest to determine the effect of eliminating
the binder in the cast material on permeability (and ultimately on strength,
although that latter was not done, as will be explained), After the binder-
less cast material was re~-fired” in oxygen (air) to develop a surface glaze,
its permeability was measured to be 4 x 10™5 Darcy** as compared to no detect-
able permeability (<l x 1073 Darcy) for the cast material (re-fired) with a
binder, Both are improved over that (4.5 x 107% Darcy) of a non-re-fired
cast material with binder. After being informed of these results, the
manufacturer agreed to investigate the possibility of coating the surfzce of
the compacted material with a silicon slip prior to firing, to improve the
glaze and reduce permeability. The permeability of the slip~coated and
fired disk was found be to 4,0 x 107* Darcy, not much less than that of the
uncoated disk, 5.8 x 10™% Darcy. Both of these measurements showed an
order-of-magnitude'lower permeability than the 3,3 x 1073 Darcy measured on
material cored from a re~fired pressed and sintered Refrax -20 block.

The reason for failure of the silicon slip to more effectively
decrease the permeability is not clear, However, the question has become
academic in that a commercial source has been located for applying coatings
of impermeable CVD silicon carbide £o the required graphite parts of the
fluldized~bed reactor essentially as designed. The CVD gilicon carbide
coating eliminates contact of the silicon EPSDU product with the graphite
along with permeation of zinc vapor to the stainless steel shell. Such a

design 1s preferred over that using Refrax -20 in any form.

*  Details proprietary with Carborundum,

**  permeation in ml/cm? petr second of liquid of 1 centipoise viscoslity
through material under a pressure gradient of ! atm per cm of
thickness,
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Vaporization of Zinc

One of the major advantages of the zinc~reduction process is that,
except for a few volatile impurities such as cadmium (which, like zinc, will
not be retained by molten silicon during initial cell processing), harmful
impurities such as titanium have negligibly low vapor pressures at the
boiling peint of zine, and except for possible entrainment in zinec mist,
are left behind in the boiler, Misting must be minimized in any event,
as 1t has been shown that surfaces of condensed zinc in contact with $1Cl,(g)
favor the nucleation of silicon needles which, 1if nucleated on a zinc mist,
would be entrained, and carried out of the fluidized bed, thus not becoming
part of the dense product heterogeneously deposited on the silicon seed
granules,

Two experiments were run, in each of which about 50 percent of a
sample of zinc was volatilized and condensed, and the initial materdial,
condensate, and residue were analyzed for iron, lead, and cadmium. The results
were inconsistent with regard to materials balance, probably due to the
fact that in some cases the impurity content exceeded the solubility in
solid zinc, and the samples taken from the solidified ingots may not have
been representative because of segregation. The experiments are to be
repeated with provislons made for sampling of the zinc while molten and
pregumably homogeneocus, These data will be used to confirm the prospect
of separating impurities in the one~plate distillation and to detect evidence
of possible misting. Tortunmately, activity-ccefficient data are available
for zinc solutions of the three elements chosen for study., The expected
volatility rat_us, o, at the 10 to 100 ppm level in the "alloy" at the
boiling point are Fe/Zn = 1079, Pb/Zn = 0,016, and Cd/Zn = 16.

* Content of impurity in vapor = ax content in liquid.
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(1)

PLANS FOR FUTURE WORK

Work planned for the next report pericd includes:

(1)

(2)

(3)

(4)

(5)

(6)

Haver, F.
(1976).

Completion of the acquisition of bids for the
EPSDU components and redetermination of the

EPSDU cost estimates based on the new information
Conslderation of the alternatives in steps leading
to construction and operation of the entire EPSDU,
which might be taken on an interim basis without
loss of program efficiency

Continuation of experiments with the electrolytic
cell directed toward increasing power efficiency!
review of the latest experience with ZnClz elec-
trolysis at the Bureau of Mines, Reno Station
Continuation of experiments on the vaporization

of zinc to determine the fate of impurities on
single-plate distillation (simple boiling)
Continuation of modelling of the fluidized-bed

to study the possible segregation of large
particles

Continuation of the safety analysis of the EPSDU
with emphasis on handling $iCly spills,

REFERENCE

P,, et al., Bureau of Mines Report of Investigation No.

23

BATTELLE — COLUMBUS

8133



