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' -(Miﬁutes written by Lo A Ohlinger)

HIGH TEUPERATURE PEBELE PILE

In prautlce, most machines and engines cool off and our major
problem is trying to keep them hot for efficient operation. With piles,
the reverse is true. Howsver, the question arises whether cur atbtempts.
to ¥eep the pile cperating temperatures all the way down to a camfortable
‘level may not be over~done., Accordingly, it is suggested that ws look
into piles which operate at a rather high temperature for a change. The

"use of high temperature operatiocn adds the oatentlallty of better realiz-
ing the power available- frcm the pileu

0f course, when one thinks of takzng out heat, omeusually ‘thinks
of water because it is 1nexpen51ve, easy to handle, and its properties
ars well kncwn, However, as scon as water ccmes into the picture, cor-
rosion problems enter with it, which means protecting a vulnerable material.
like heavy metal. Since the materials available for corresion protection
are practically limited to aluminum or beryllium, the maximum operatlng
temperature of the unit is limited because these materials are more sub-
- ject to corrosion at higher temperatures. Obviously, one limitation leads
to apother and so one reasons that’ dropplng these limitations and starting :
over on a new approach mlght have much to be said for it.

Breedsrs are 1mportant for the futurs since, ultimately, we
must design atomic power units with a view toward conservation of the
critical Ffissionable material and breeders satisfy this need by produclng
nevi fertils isotopes., Let us consider the removal of heat fram a unit
which produces, say, 100,000 kw from a large pile such as a graphite
thermal pile, The mechanical problem is not teoo difficuli, if we are
working with a cube scme twenty feet or more on the side, but, if we must
remove the same amount of heat from a six-foct cube, as is the case with
enricbed matcrlal, the px ool#m 1s muach more canpllcatedo

‘ Lnt us conside* the pOSSlblu mehCCo for removing nﬂat from a
pile:

(1) by fch1ng a liquid coolant such as water, diph nnyl, liquid
. bismuth, liquid sodluw, fluorocaruons, eteo, through the
'_pilOO . -




(2) by flowing a gas such as hellun, carbon monoxlde, steam,
ete,; through the pile, Steam as a coolant is inexpensive
. and cuite within reason since there will not be much steam
in the pile at any one time and, therefore, the neutron
abgorption by the steam will be sma.l ccmpared to that of
water (about l/lOOO;o' » L

(3) by utllizing_tnc_lauent heat of waporizaticn of a liquid
. such as waber or biamuth, Abcut thrse tons of bismuth
. vaporized every ten seconds will remove 100,0C0 lw. This
yepresents about thrze and one-half billicn caloriss per
minute, ’ ' '

(4) by utilizing the heat of fusion of certain materials,

;(5).By prcmotino a cthlcal reach10n° eoou, by deconpo»lnb
- nitrogen tetraoxide to the dloalde. Other hlphly endo=
'thavm1c reaﬁtlons ars :
. 602 -————9 CO
- and. :
| gl s Hy 4 1/2. 0,

but these two reactions requitre temperatures over 2500°C
'which are beyond the practical range of the present re-
fractories, Phosphorus pentachloride decomposition might -
be utilized but one of the products will be a halide sc
that the problen of corrosion mlgnu bscome severe. The

- heat which can be taken out by a chemical reaction variss
from 10,000 to 100,000 calories per mole and is not greater
than uhat which. can be achieved with other methods of
,coollng at thh tenperanureao

Ary coolant used for removﬁno tnn heat from a pile must be a
material which absorbs heat readily and has a crc;od thermal transfer. It
must be chemically 1nert and easy to mepo 1% mnst have -a low nzutron
' .absorptlon coefflcient ' S ’ :

Ulth ‘these ideas in vleﬁ, let us start making a general pllﬂ'
des:Lgn before cmmlino a specific picture. First, let us put all
structural materials wh*ch are sbsorbers cutside of the pile and the .
‘enclosing blanket and reflector. Second, let us get rid of all walls
and put them ccmplatol; outside the mleu Third, let us get rid of the
poisons as repidly as they are formed rabher than eliminate them by
intermittent chenlcal whrlt*cation which causes an apprecisble loss
in fertllityc : I

_ : Let us dlgteag_for a mcment to consider the argument for high
‘temperature cperation as it af;ac s poxsons in the pll If we were to
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piot.the~tctal‘cross section fcr'Xe135.against énergy ws would obtain a
curve like that shown in Fig. 1.  The Maxwell-Boltzman distribution of
neutrons is indicated in Fig. 2 for 0.05 electron volt, corresponding
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40 room témperature, and for 0.2 ev corresponding to a high temperature
. pile atjabout~l500°C. It is_seen that 2t rocm temperature most of the - ,
' peutrons are absorted in %et35 by rescmance but that at 1500° the majority
of the neutrons will have energies so great that they will miss this ‘
resonance peak and escape absorption by the Xe., It is likely that the
other fission products such as Gd and Sm, which act as serious polsons
for present piles, will absorb neutrons al rocm temperaturs and will fail
to absorb strongly in a high tempsrature pile. It must be emphasized
that although the poisoning by schme of the fission product elements will
be eliminated by operating at high temperature, other fission products
olements which are not now regarded as peisons may have resonance  absorp-
tion at 0.2 electron volis which would then cause them to be poisons for
high temperature piles. At least one would avoid scne of the known
 poisons. A o SR ' S
_ Tt has been the practise at W and X to can all heavy metal for
corrosicn protection and then dissolve ths. can away in order to process
the métal, bub at 2000° one has to discard canping and subsbitute scame
other form of protection, This has an obvicus advantage since canning
“has been a troublescme operation ab besi. By using oxides of the metal,
_one no-lenger .is confronted with a corrosion problem.

1f Lismuth were used as the coolant on the high temperature

pile, the Health Division would be much more concerned about the health




hazards than they are for the present piles because the concentration of
neutrons within the pile is greater, and.dangerously large quantities of
polonlum are producedO : — _

Now, let us deve‘op a roug h picturz of a hlph temperature pebble
plle as we now concelve it, The furnace or reactor would be about 6-fest
in diameter and about 4-fest high ucmposed ‘of pebbles or spheres of active

~material and moderator interspsrsed in predetermined arrangement, The
most promising form of the moderator weuld prcbably be BeO which would
be formed into pebbles by campounding a paste of potiderad BeO and HMO,,
molding the paste into pellets of the desired ‘sig 3 and shape, and thea
burning out the binder. Similarly, pellets of U 0 or Puf, could be
formed and the desired lattice arranged .by 1nteroper31ng the active .

aterial pellets with the moderator pellets. However, for continued

and practical operation, it will probably be necessary to use a hamo--
‘geneous rrangement with no fixed plaraﬂcnu of the active material pelleto
in the pile, : :

: Thb pellcts can be made of m_xed cx¢dms cf BeO contalnlng a
llttle UOQ by pregﬁgatlnt from 2 solution containing both Be and ¥ salts.-
-~ In this way the U will be dlupaﬁbbﬁ wnifomly through the whole pile
" thus reducing the lccallzatlcn of heat, Im order to retain the pile
proper in its original shape without the use of- a structural tank, it is
proposed to surround the six~fool eylinder with ancther layer of BeQ peb-
bles of gradedszzesccmpactnd and, if nscessary, bonded together.to form
a pebvle tank. It is hoped, thai this pebble tank would retain its
general shape without disintegration when the adjacent active pebblns
S were removed for processing and repldced by new pebbles. Immediately
g surroundlng this pssudo-tank would be another blanket of pebbles of ThO
' nterspersed with pebbles of Be0 for the production eof 23. 4 final layer
of small BeO pebbles would surround the Th-DBe blanket for heat insulation
as well as for nuclear purposes. - Quiside this would bé the enclosing
steel tank to whlch ths coolant pip119 woula bz connected

The coolan& is plctured as . water in the fonn of steam in either
one of two fashlons-<either as saturated steam at very little above the
temperatuvz of boiling water or as water near the boiling point which
would then be vaporized in the pile and pick up additional heat as superheat in
the steam. The latter arrangement adds the advantage,of utilizing’the
latent heat of vaporization of the water for carrying away the heat of
reaction from tha pile but ccnplicates the problems by the presence of
boiling water in the pebbles in the lower seciion of the pile and steam
in the upper section, - FundJnnntallJ,ureug Wz ha ave a system such as.
sket.ched in Fig. 2. . ST S .

Waher at, ..;ayg iBOOC would be pu_ ad into the plLP at the bottom .
and split into cooling streanms which weuld enisr the central section of
the pile proper: and the thorium blanks? sarvcunﬁlnw the pile at aboud



- 10 atm This water ‘would bﬁ vapovlzed in the lower section of the plle
and pass upward through the ps sbbles as steam piclking up superheat en-
route and emerging from tre pile at- tenouratures near ?00000 at aboud
1 atm pressure. This superheated steam cculd then pass through equip-
“ment in which a portion of the heat would be transferred to another medium
- {such as in a waste heat bo ler) which could wtilize the heat at temper-

- 2tures consistent with the present top operating temperatures for mech-
 anical equipment. The part;ally cooled steam cowld theu be utilized to
- drive turbines or other mechanical equﬁpm:nt in which the steam would
ultimately be condensed back to water or elss the ramaining heat could
. be dissipated by condensing in a heat exchanger, The resuliing con-

_ densate should pass through a filter of some material,'saJ, amberlite,
which would remove any suspended fission or corrosion products, Fram
this point a pump would pick up ths water and deliver it back to ths
pile at around 10 atm, = If necessary, the water entering the pile eould
be superheated Lo nearlj vaporizing temperature by counter-current ex-
change with a portion of the existent steam at any p01nt 1n 1ts travel
- from tho p1_e to the ultlnate cond@nse;o

- A few actual flgures mlnnt bb of 1nterest at this p01ntg ‘Such
an arrangement of pebbles in & pile would contain about L0% voids., To
remove approximately 100,000 kw from such a unit would reguire pumping
about 100 cubic fest of liquld water per minute as sieam possing

through the bed of peobleao To force this much water and steam through
.a pebble pile would require about 9 or 10 atmosphercs pressure drop’
through the system. Line sizes for the steam piping would not be exces-
sive. The steam lines from the pile would undoubtedly require a re-
‘fractory lining of LgQ for such Operatlng temperatures. The pressurs ,
drop through the pile and turbulent activity are factors which would tend
+0 1ift the pebbles right out of the bed so that a neh or s¢resn or a
heavy weight would be required to hold the pile shape.. This psbble
dlsturbanco raises the question of dust prcductlcn fran the abrasion of
pebbles rubbing and shuffllng analn ‘each other 1n tnplr turbulent
_ state in. tbe p¢leo o _

o The contrc&s for such a pile”wculd probably consist of a
liquid cooled iren pipe inserted in a thimble-shaped crucible built into
the bed of pebbles. Experisnce on high temperature pebble units for
nltrogen fixation- huvé'dém01strat@d'ohat such shapes can successfully
be cperated in temrera&urﬂs 'such as 'e are*considering with thié unit,

o Et most be po;ntvd cut tnat the design described above is in
its most preliminary stages as the oLbaequen$ discussion indicated, For
exsmple, no blanket -is shown at the top and botteom ends of the pile in
order to faecilitate the removal and reolacamﬁrt of thse pebbles in tha
pile and blanket. -This means that there will be a loss in neutron utiliz-
ation at the ends of the pile with a subsequent loss in fertility. Ob-
‘viously ‘a blanket should be added at these ends which constitute such



a large percentage of the total uurrounulng urface° Pevbles and larger
spheres of Be0 at the top and bottam would provide a satisfactory re=-
flector,  This camplicates the removal and replacement problem which is
already & difficult one at best and some f{urther aundg must be instituted

" to develop a practical means of handling the pebbles in the pile and
"blankeét, The feasibility of removing only the pile and blanket psbbles
without disturbing the pseudostank pesblea and ocutside layer of -heat
dnsulation does not brlnp to mind any nmmﬂr""tw selution for the rechanical
problems Lrvolved, :

It has been st ggest@d above u“at the steam amerging from the
pile be utilized in a waste heat beiler which would convert the resultant
steam in the secondary sysbem into usable power by means of a turbine.
This means an overall loss in mechanical effi ciency and brings out the -
possibility of utilizing such steam dlxectly in a turbine instead of going
through a seuondaaj medim, The major dlilica¢ty inyolved in this solu-
tion is that, at this time, no materials are known which would be suit
able for turblne parts for a machlne operating in the neighborhocd of
. 1500=20009C . The best ogeratlny tempergture for turbines which has been

achieved to date is 1500°F (815 C)a Undoubtydly, the evosion problems
for such high temperature sheam would be sevlou

It was hoped that’ piles opewatlnp at tmm~=rauures in the nelgn-
’ bo*hood of 2000° C would have the advantage of boilinug out the undesirabie
fission products thereby avo:Ldlnb the necessity for chemical precessing
and purification which causes a losa of -the fissionable material. The
first experiments have shown already that there is considerable volatiz-
ation of the fission products frcm UGQ at 9uf0G apd further work is in
progresso-»' : :

. The high operatinb'oemparhturv'Dropoatd for the pile brings up
some othar questions., Vhatever the emergsnt steam temoeraiure night be,
it is obvious that the temperature- -at the center of any pellet will be
‘uopreciably higher and that there will be & marked gradient frem the cen-
ter to the surface of any such pellet because of the poor transfer coef-
ficient for tuvalloy oxide. This would introduce thermal. expansion
problems and might actually cause disintegratlon of the pebbles by thermal
cracking. The high operating temperature &t the center of the metal
pebbles in. localized areas might’ actually ‘exceed the meliing point of the

 material so that it is not inconceivable that some pebbles might actually

dlalnteyrate and drip down through the balance of the pebble pile in such -
a may as to bloeck off a portion of the ypper area for gas passage. In
the mixed pellets of Bel contalnlng less tth 1% U02 this excessive heat-
,ng w1ll be less ser1cuso

: By oper ablna av. ra hnr hlph pr ssures, say, 50 atmobphercs, 1t
is found that the drop throuph tne pzle F%J be- on.y around 1 aLmospHere




e

which would indicate that the hot water pump might bé cmitted in favor
of a stand pije which would provide a water leg of condensed liquid
sufficient to insure a suitable flow of coolant “through the pile without
the use of mechanical equipment. : S

v :'Thé‘manufécture‘bf pebb1es fér such piles does not appear tco
difficult even where residual activity necessitates the use of remote

- control in manufacture. The active dust raised in manufacturing or in -

the pile might be removed by cyclcne ssparatorz or electrical precipita-

tors. Tubes or rods of the BeC and U0, might be substiiuted for pebbles
" in order to .eliminate scmé of the objection reised above by the question

- of heat transfer and thermal expansion for such shapes. This mesns that
‘these would have to-be more carefully investigated before arriving at any

decision. Condensing the steam to water which can bz readily pumped
appears to e the simplest and least ezpensive way of recirculating a
coolant. If helium were used instead of steam a great deal more helium
would be required than steam and one fears a mass of helium equipment

‘comparable in size to that proposed for a graphite pile,

Obvibusly,"there'are many'physics;'chemiS£ny andiehgineering
problems which must be solved before such a pile can approach reality.

~ Yany objections arise, not the least of which is the operating tempera~

ture of 2000°C which will probably have to be lowered samewhere to
1000°-1500°C but experience is available in the continued operation of
nitrogen fixation furnaces at 2100°C. The arrangsment for a high temper-

. ature pebble pile and the use of the stable, refractory oxides have been

presented not as a proposed ultimate design but as a foundation or start-

- ing point for preliminary thonghts on a unit which will produce power
‘while breeding fertile isotopes. - . .
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