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(Meeting of.Thorium Working Committee)

INTRODUCTI ON
._ ..

A meeting of the Thorium Working Committee was held at FMPC
on September 20, 1955. Present were T. C. Runlon and
Lou Levy of NLO, W. T. Warner, of FAO, C. Showalter of OR00
and G. L. Tuer and E. E. Hayes of du Pont. This Committee
was appointed at the final meeting of the NLO-SR Thorium
Scheduling Committee, held at FMPC on June 9, with the
following objectives which were outlined in the minutes of
this meeting.

I. Evaluation of recycle metal.

2. Evaluation of the results of pile loadings in process. _ I

3 za uato,of oftest lots for development work.

-_E _" nO
_. Improvement of metal quality (p_ocess and final produc_:--_--_,_ __

uO¢ (_._ ,5. Evaluation of NLO development work on cost reductions _ .O

6. Establishment of standard analytical methods and proc_mr_ i
_rdness, density, etc. ¢__

• , myXm

7. Improvement of thorium metal specifications (physica]_ .j_O
and chemical ). O _

8. Members of the Committee will keep each other informed_ =-"
of progress in off-site development work. _ _

9. Keeping of NLO and du Pont management, AEC, and MDAC
informed of the progress made, particularly the maintenance
of liaison between du Pont and NLO.

DIS____MENT _gISUNLIMIT.t_
,, , , , , , , , ,
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Since the appointment of this Committee, FMPC has received
a production order for the manufacture of 300 tons of thorium
ingot metal. This includes the 100 tons that du _ont has
requested (50 tons of ingot for a possible future full load
of I" diameter slugs and 50 tons of ingot for (I) Nuclear
Metals development work on thorium co-extruded tu_es and (2)
sufficient metal for fabrication of tubes and/or Eark IV slugs
for in-pile test irradiations). The balance of 2_0 tons is
for "stockpile". To attain this production, FMPC will operate
Plant 9 on a 3-shift_-5-day-a-week basis.

SUMMARY

The current status of the thorium production program was
discussed and a limited development and evaluation program was
outlined which it is felt will (1) clear up some cf the more
important question marks in thorium metal quality and (2)
develop a more satisfactory method for processing solid metal
scrap.

The basic parts of this immediate program are- (1) SRL would
evaluate ingot sections of as-cast double arc-melted virgin
metal in order to classify typical ingot defects and determine
their frequency of occurrence. (2) Du Pont would request for
evaluation purposes ingot sections from typical re:ycle ingots
which incorporated vacuum-induction melting for the consolidation
of recycle metal in the form of consummable electrodes for
arc-melting. (B) After completion of item (2), du Font would
then request approximately 200 slugs, made from suitably
processed recycle metal, which would be used for c_nning and
steam autoclave tests.

This program should lead to definite specificati_n_ (and/or
classifications) for ingots to be stockpiled for future AEC
use.

DISCUSSION

Most of the discussions centered around (I) ingot _ality and
(2) processing and evaluation of recycle metal. In addition
to these major subjects, other items covered were methods to
reduce the total amount of recycle metal, evaluation of thorium
made with "commercial" calcium, reasons for hardness require-
ments of metal for Nuclear Metals, review of some _rocess
changes at Horizons in their development of electr@lytic metal,
review of available irradiation data on thorium to date, need
for a new cross-lab check on hardness data, etc. Throughout
the day's discussions it was emphasized by the du Pont repre-
sentatives that our main concern on metal quality _s (I)
soundness of as-cast metal (since this has beea one of the
primary causes of slug rejections), and (2) oxide content
whether it be in virgin or recycle metal, primarily s2nce we consider
product loss after irradiation to be directly Rroportlonal to
the oxide content.
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Although c';_..-300 virgin _c.uble arc-melted ingots have been
ma,__ at FMPC to da*-_ *_'_ is in-,_ _ ie--, ........ _u.f..c nt data available
as -_ the s_v_rity az_ frequency of basic ingot defects. For

".'', .

th" rec,ntly ,?,?mpl,_te_production order,= _or du Po_+ most of
_=_ .... ._ material "._a_for de_=cts which• probably originated

as basic ingot ,'_efects,_'.._chas --'-hrlnkagecracks Rejections
•o. "porosity" may also have been related to ingot quality,
such as low density or ._egregation of impurities. It was
pointed ou_,that sound metal for our tubular program was of
utmost imocrtance. A.Iso. for the stockpiling of cast ingots
the e_,t.--z,tand nature of i._ot defects should be characterized.
Because of the high pre-_-_u_-esof Prc,ductien requirements, there
has b_en no complete evaluation of ingot quality• Furthermore,
_here has bsen some differences in opinion between NL0 and
du Pont personnel on the actiml quality of ingot metal and
these differences may have resulted from either or both In-
sufficient sampling and evaluation methods ....

It was suggested by Tuer and Hayes t_at an ingot evaluation
program be carried out and that this be done at SRL, if NLO
could prepare cut ingot s_.ctions. SRL would examine these

sections by etching, after first machining the surfaces smooth,
for determination of shrinkage cavltiez, shrinkage cracks,
and porosity• Variations in hardne_ throughout the cross-section
would be determined• (Reporte_ Dardnas3 values on the most
recen_ cast metal have been higher __o. the metal produced for
the last production order. This difference may be caused merely
by the difference i._method of taki__g the measurements. Hardness
values are now taken on _he as-cast surface of the ingots, rather
than on a cut surface somewhat below the top, which may be
harder because of higher impurity concentration•)

If possible, SRL would mak_ some d_termlnations on chemical
segregation and density variation_ wlthin the ingot as well as a
limi ted mlcro-examinatlon, il

Ym. S._ho_,_.,,wof 0RO0 stated that sufficient metal for this
evaluation (,.,I0 ingots) could easily be made available for
this phase. It was agreed that du Pont would request metal
for this program through the normal channels.

Pr_z_ss!ng of Recycle Metal

Fernald i_ not satisfied with the current method of processing
recycle metal. It has proven very time-consuming and costly
to fabricate consum_able electrodes from recycle metal and the
quality of the fina% ingot is considerably poorer than virgin
metal with respect to oxlde; - _ of --'3-1/2% v_ average !
of !-1/2% for virgin metal. Fernald believes that most Of tSis

-3-



pickup is occurrl_ in the else+ _--_.,,--_,,_-pre.oa_ation step. They
believe that induction melting of recycle would be much better
from both quality (with respect to oxide pickup) and cost
standpoints but _ve understood that there has been a top-level
decisloa again_- any induction mel ti_ of thorium for reactor
use. We peir,t_ _ut that this was t_e for the metal now under
irradlation, but that since the obJaetlve of the Committee was-a _e _ o_*

- v, lopm .... program every eonsideratlon should be given to
alternate methods of proc_slng when there are good technical
and economic reason_ for doing so. _e agreed that induction
meltir_ of recycle for purposes of consolidation into electrodes
for const_m_mble arc-meltlng appears very promisin& and would
give them whatever support we cculd to have such development
carried out. The most feaslb]e way of dolr_ this was con-
sidered to be a request from _u Pont for ingot slices from two
typical recycle ingots processed in this manner for evaluation
purposes. Du Pont will request these ingot slices through thenormal channels.

Evaluation of Recycle Metal -

There was considerable discussion concerning what tests recycle
metal shculd be subjected to in order to determine its suitability
for reactor use. D_u Pont representatives pointed out that steam
autoclave tests on plnholed canned slugs would be the quickest
way to obtain reliable information on how metal quality might
affect pile perfcrEance of recycle m__ual. In the course of

canning recycle slugs data would also be obtained on the effect
of secondary phases (particularly oxide) on bond quality. In
the autoclave tests itself, data on the relative corrosion

behavior of recycle metal would be obtained. Approximately 200
recycle metal slugs would be required for this phase of the
program. A request for these will be .nade after the evaluation
of the recycle In@or metal slices at SRL is completed.

With respect to a reactor test of recycle metal, It was polnted
out that under the present Savannah River reactor condltlons of

low thorium burn-up (with accompanyln_ low heat generation) a
limited zcale reactor test might not be too meaningful since

(I) thorium has already demonstrated lts ability net to change
dimensions significantly under Irradiation and (2) failures of
canned slugs, under these reactor conditions, would probably
be the result of sheath failures.

!rradlation Data

G. L. Tuer presented all the currently available data on thorium
irradiations at SRP. These included the L-2, L-3, and R-5 loads,
These data (length, diameter and warp changes) show quite
satisfactory behavior from a dimensional standpoint at an ex-
posure of 1200 g/t.



I

DPW-55-407

Use of Commercial Calcium
_

_LO has obtained some commercial calcium from New England Lime
for trial reductions. Analysis of this material is aluminum
!/2%, magnesium 2-1/2 to 5%, and nitrogen 0.I to 0.3_. It is

hDped that this test will prove whethe_ or not this _pe of less
expensive calcium will give a satisfactory product. (Early
experience at Ames indicated that metal mlgh_ be of poor quality
tecause of excessive A1 and N contents in the final metal; 1/2#
of Ca is required for each pound of thorium reduced.}

Methods to Reduce Amount of Recycle Metal

Two possible methods for reduclr_ _he amount of recycle metal
(fewer machine turnln_s) were discussed. These were (I) swagln_
of extruded to final diameter and (2) fusion welding of as-cast
i_ot surface to improve surface quality. It is not expected
t_hat any work will be done on either process since (I) the NLO
development budget for fabrication has been drastically reduced
and (2) there is no available equipment, either NLO cr SRL, for
fusion welding. -"

Eardness Requirements for Extended Surface Shapes

The basic reason for a hardness requirement on as-cast metal weus
reviewed by E. Hayes. It was stated that the softest possible
metal is desired for the Nuclear Metals co-extrusion process wiZh
a_ upper limit of Brinnell 60. It was emphasized that this is
am arbitrary value based on presemt data. We stated that we
would be willing to determine the suitability of harder metal once
a satisfactory co-extruded element had been attained with metal
in the (60 BHN range. Data was presented showing the increase
in extrusion constant of thorium (at bo-extrusion temperature)
as a function of room temperature hardness.

Mr. Runion requested _at NLO representatives be authorized tovisit Nuclear Metals observe the thorium co-extruslon process
sc that they could obtain _irst-hamd information on the quality
_'_quirements for this process.

Cross-Lat Check on Hardnessm ,

It was agreed that a new thorium sample would be prepared for
a cross-lab check on hardness values. This is particularly
important since new hardness equi_snent is now being used at
ML_D for all ingot hardness determinations.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any speci[_c commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the ,

United States Government or any agency thereof.



Horizons Process

The basic changes in the Horizons process during the past year
were briefly reviewed. The process for chloride preparation
now employs a precipitation of oxycarbonate from a nitrate
solution. This is followed by chlorination wi_h chlorine.
The larger electrolytic cells are now internally heated. Prior
to the end of this fiscal year, at which time development work
will be terminated, a large-type cell should be completed and
tested out. This cell will have a capacity of 16 pounds of metal
per hour at a =urrent capacity of approximately 7000 amperes.

Kroll Process--.

Very little discussion was held on this activity, except that
NLO may cut back sharply its support of this program at the
Bureau of Mines, Albanys Oregon.

Arc-Melting Work at SEP
-- . -- _ ,.

Mr. Runion expressed interest in the small-scale arc-melting
of calcium-reduced powder at SEP. Specific de_ails of this
work _ere not available, but these were promised p_ior to the
next meeting.

The next meetin_ of this Committee was tentatively scheduledfor December at Savannah River

In Summary, the major i_ems on which it was agreed that definite
action should be taken were as follo_s:

By SRL: I. Evaluate typical ingot sections from ten virgin
metal Ingots for ingot defects.

2. Evaluate typical ingot sections from at least t_o
recycle metal ingots (employing vacuum induction-

melting for consolidation of consummable electrodes.)

3. Test canned recycle metal slugs by steam autoclaving
after satisfactory completion of items I and 2.

I. Prepare ingot slices for shipment to SRL.

2. Investigate induction-melting as an alternate
method of consolidating recycle metal.

3. Prepare virgin ingots from metal reduced by
"commercial" calcium.

EEH/Jss
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