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A PREL_RY STUDY OF

PRoOUCTioo9TU GSTEN-REEN X
:m  -RmCTOR....
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Feasibility and cost data are supplied herewith for the production of tungsten-
rhenium alloys from tungsten targets in the N-Reactor. The two types of
target elements assumed were: a) tungsten containing 90 a/o tungsten-186,
9 a/o tungsten-184 and I a/o tungsten-183 and 182, and b) tungsten of natu-
ral isotopic composition (28.4 s/o tungsten-186, 30.6 a/o tungsten-18A, 14.A
alo tungsten 183, and 26._ tungsten-182)..As per instructions, it is assumed
that the average thermal neutron c_pture cross section for the tungsten-186
is 32 barns.

The production and costs of rhenium will be based on the assumptions as
follows:

i) The production chain is limited to:

WiSe + n ----9 Rezsv + n _ OsZSS /
/

And it is further assumed that:

a) No comtrlbutlon to rhemi_m-18T production from tungsten iso-
topes of mass less than 186 i.e., from tungsten-182 to tungsten-
185.

DISTRiBtJTtON OF THIS DOCUMENT IS UNLIMITED ,,_



• ; ' '

RW-T96G2

-2-

b) All tumgsten-18T formed by the (n,y)process in tungsten-186is transformed immediately to rher/[um187 without loss, i.eo,
neutron absorption in the intermediate product tungsten-18T
h_s been omitted in our formulation.

c) The (n,y) process in rhenium-18T leads directly to osmlum-188,
rather than going through the intermediate product rhenium-188_

d) The thermal cross-sections are used ir_teed of effective cross-
sections.

2) The neutron thermal flux in the flux trap is assumed to be three times
the normal reactor thermal flux.

3) _e plant factor is assumed to be 85 per cent°

_) The cost of rhe_lum is based on "opportunity costing"°I-

5) The costs for post irradiation treatment such as separation (mechan-
ical or chemical), storage charges and transportation are not included_

•6) The burnout values for the uranium are based on HAN-85315, dated june
I0, 1963. This schedule _as used for the current AEC ten-year cost
study.

The conceptual target design for use in the process tubes consists of a small
diameter rod clad in zirconium. A more detailed study vould probably reveal
that there is no need for the cladding.

The formation of rhenium-18T and osmlum-188 versus the exposure in the N-
Reactor is shown in Figure 1. The exposures at different irradiation periods
are based on using flux traps that increases the thermal flux by a factor of
three above the normal N-Beactor thermal flux. The maximum atom per _ent of
rhenium-187 for the enrlched tungsten-186 target reached after 12,5 years of
irradiation is 21.6. The unit cost for this material, as sho_n in Figure 2,
is much greater than $1.50 per gram of rhenlum-187. The costs for the rhenium
includes fuel fabrication costs, burnout charges, charges for reactor space,
and irradiation operating costs. We must iterate that these figures are based
on the assumptions listed above. Since there is little incentive for the pro-
duction of tungsten-rhenium alloys containing less than 25 atom per cent rhenium,
especially if the processing time is in excess of 12 years, this study is only
of academic interest. For a more reasonable irradiation period such as two
years, the atom per cent of rhenium-187 and osmium-188 are 9_4 and 0°4, re-
spectlvely. The unit cost is about $73 per gram of rhenium-187. Based on a
toll charge arrangement with the base load being charged to the plutonium pro-
duction, the unit cost would be about $36 per gram of rhenium. Figure 2 shows
the relation of Lunltcosts for the higher enriched tungsten-186 target versus
both atom per cent of rhenlum-187 and reactor residence times°
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Figure 3 gives the production for rhenium-187 produced from natural tungsten.
.Themaximum atom per cent of rhenium-187 for a natural tungsten target is only
6°8°

As a matter of ._mterest_if one was to load the graphite cooling cross channel
with l_Ited quantity of tungsten, some flatte_[.ngof the reactor from the front
to rear could be ach_evedo Also_ the tungsten is compatible w_th the en_rons
of the cooliog channels° The tungsten, as a wire _ithout claddlng_ therefore
could be placed in the channel with no other costs than that necessary to
place the t_Augsten_ire into the channel and to pay for the s.bso.rbedneutrozso
E_nce, the charges for reactor space is not applicable° -Preliminary estimates
of the unit costs with the target in the cooling channel for a two year ex-
posure period is about .$30.per gram of rhenium. The rate of rhenium production
and the composition of the target after irradiation would be about the same
as that produced in the process tube because the flux level in the graphite
cooling channels is not much differeat thau that in the flux trap°

Based on assumptioas given in the reference letter_ the irradiation period
necessary to achieve,the max_mum atom per cent of rhenium of 21o6, wh:ichi.s
below the percentage of r_al market-interest, is prohibitively long for a
product that has a market value of about $1,50 per gram. Consequently, the
product costs were treated on a cursory basis because any error in the cost
figures would not materially change the conclusion.

If, after your review of this subject, it is concluded that additional data or
more refinement is deemed necessary let us know.
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