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o. Abstract

1. Introduction

2. agulpnont

<

I

This long tera "endurance" tost to be conducted at -Site D 
by th« Technological Division, neoe«ilt«tod considerable work Ir. In— 
•UlUtion. In the meantime acne pu-ping testa hare bean oonduatod 
using readily available equipment. The results obtained should be 
valuable preliminary to the larger aoale run.

At the tine nh«x former Section C-V was »d« up of a 
portion of the Columbia group, it set forth a progran of work on urwnium 
oxide slurries ftor a homogeneous i*-9 pile (fr-193, October 28, 1943). 
Among other lines of work this prograr. called for some large seals 
tests on the pumping of oxide slurries. The object of this p'wse of 
the work included

Rxperimssits on colloid milling and pumping show that 
uranium tri oxide, when carefully dehydrated, can be dispersed in enter 
to form a relatively stable slurry, suitable for a hooofeiooui s'urry 
pile. At temperatures considerably below those of anticipated pile 
operation partiulo also growth occurs attended by too reuse in settling 
rate and decrease In viaoosity. These properties of the slu—ries may 
bo strongly affected by impurities present as well as by special 
operating conditions.

3i0J 02.
The umnim tricoU.de manufactured by the Malllnokrcdt

Coapany io a granular material which settles toe rapidly to serve as 
slurry material without further treatment. At the time of initiation

(a) an engineering test of the performance of a typo of 
centrifugal pump considered desirable for a hemegeneous slurry pilot and

(b) observation of slgnificswit changes In an oxide slurry 
with time of puraping. Changes in viscosity and rettllng rates are 
important ooms id orations in engin earing design of a slurry pile with 
its associated pumps and piping systems.

The apparatus for these preliminary pumping tests was 
built and serviced by Ur. Dyor.*s group in the Technological 3 action. 
Work of Section C-V was ooncor..uii with the method of preparation of the 
slurry, laboratory tests and interpretation of moults. The apparatus 
consisted of a 1OO gjaa bronse impeller oontrlfugt.l pump connected by 
large iron piping to an iron tank and a return pipe leading to the 
Intake of the pump. Valves, a sampling tube and means for control of 
tmsperature were provided. Briefly, the exporla.eit consisted of MS- 
tinued circulation of a slurry at high spo«d for a prolcmgvd period 
with periodic sampling and testing of the slurry.

3. Preparation of slurry

I
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tricoU.de


*.l.

ght repreaeui an cxtreae case of
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Kxsping *»xperin<xit ho. 1 employed a tHurt-j of SLicronlxed 
ooclda. The reaulti of the experimmt «w« unrati sfactory because of 
rapid settling of the slurry and iusuffloient turbuleneo afforded by the 
Cretan. It wwa WBnsKered dorts-rhl*? st t%lo m> r«e«ueU*t awe
apparatus in order to avoid those diffiou .bies.

The rsoonstruction of the appar tu» g| wH-.
«mm oseauab of sore urgent wort on the pro .-w> «f .X-. ,<*. ‘reer-
"C Develojwwtt Jeetios. Xu Uw aten.iMe another part of the slurry 
pile program developed tow striking result*. Tm- —•*■ — - -•-----
toward the proouetimn ci' a re mtivoly slowly settling slurry for use Ln 
• homogeneous exponential exptrinsnt. These results warrant si* vn* 
®hango in thinking about the whole subject of the preparation anc 
properties of uranium oxide slurries.

of this program it wss planned to employ “mi eras! sod" oxide for slurry 
preparation. The miorenixing treatment subjects the granular oxide 
to a self-impingement cot ion by aeons of high velocity air streams.
The average partiele also of the produut is of the order of 1 • Ina*-
m»eh as the uranium oxide taist bo strictly anhydrous for use in a heavy- 
water slurry pile, the mioronising technique suit wsploy drv air for 
the operation. *

Dispersing properties of UOy

The *ioro»ised oxide wh«m slurried with water settled -with 
too rapidly for the projected use in the homogeneous exponential expert— 
went. Attas pts were made to disperse the parti a lea st-d cause farther 
d-oreB,e 10 particle also by means of a colloid mill. Various agonic 
•ore «:dod in meal 1 amounts to W e slurry during the co loid ml’’4 freest* 
aent in the hope of stabilising the dispersions, but r». ills in this 
direction were not encouraging. It was noted, thrcughoul this work. 
h«»ever, that the lots of mioronisud aside an hand cants mod w»—i^zwble 
water of hydrati<xi. because of the necessity fcr asployiug strictly 
anhydrous oxide for the heavy water alurrw props ration smse of the 
material Ms dehydrated by heating at 3uO®C. This anhydrous oxide showed 
•‘tlrely different behavior when dispersed in water* in the colloid Kill. 
The combination of the high-speed disperelng-aot1an of the mill end the 
reaction of hydrati<m> of the oxide resulted in a ror*. slowly settling 
slurry. Uorouver, cmployswnt of either the coarse g'ranu la r* oxi de or 
the nicro-iisod variety as starting set ter Lal gave the ao« result. These 
■lowly settling slurries Unfortunately were cxtr'-mly viscous, ex­
hibiting plastic-flow properties. Thia, of course, was a matter of 
serious concern for the projected exponential experiment. Ln the latter 
it W>uld be necessary to handle large qua*. 11 ties cf slurry and alter 
***• eooowntrwtlcn of the oxide for different runs with assurance at all 
times of ecmnlote hessogmseity.

•>inee the time of those experiments, the use of an oxide 
slurry for the exponential experiment has be* abandoned Ln thvor of s 
solution of uranyl fluoride. dovertheless this wort was of value when 

tueetlon of the slurry pumping experiaemts was reviewed. Disp«-rsian­
hydro tian action during eollcld mill trmtsent cf an anhydrous oxido- 
water suspension might conceivably occur in the pmapiag e per Imo a* be­
cause of tao shearing actios of th* pump impeller, la other words, the 
observations with the colloid al 11 night represeui aui extreme cast of



4. -Hurry pulping run So. 2
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For u*« la a homogeneous alurr/ pile pur* anhydrous oxid* 
la neseaaary. It* preparation require* prolonged heat treats*ant of 
odda* prepared from UUN In ordar to reduce th* titrate content to am 
acceptable figure. Much of the work on elurrlaa In th* poet tea b«*o 
done with relatively Impure nat*rial| l.e.. containing O.lt*> residual 
UUK. Although thia appear* to b* tell, It* influmao* on colloidal 
properties of dispersed oaddoa eau> be quite considerable.

what would happen under any condition of violent agitation of the 
slurry. Accordingly. th*** eon el do rat Ion a were bom In mind in the 
preparation of slurry for the second p» sap Ing experiment.

(a) The viscosity of dlspvraians prepared ft-cn dehydrated 
oxides la dependant on the presence of residual nitrate. This has been 
ahmn bcAh by correlation of nitrate analyse* on heat treated oxide* with 
viscosity of their dispersion* and by the increae* in viscosity of 
oxide* dispersed In *at*r cos* tain Lng added nitrate as UMM.

A 50 lb. lot of granular uranium trioxld* was heated for
40 hour* at 5JU«C in an era provided with a forced draft of air. Un­
fortunately it w* accessary, because of 1 lai tattoo* of tin* and equip- 
sent, to treat thl* large lot of oxide in relatively thick layer*. The 
previous exploratory wo-< with th* colloid will had indicated ttet *-«ch 
•ooditlana would result in relatively riacoua altrriea. Similarly the 
nitrate e*ant*wt of th* oxide we* not reduced to •• low a flgur* a* desired.

Some laboratory w»rk on oxide dispersion by colloid milling 
performed shortly before th* sohedulad start of Pumping tepcrlmeat 

■o. 2. Its purpose waa th* detcmlnaticn of th* oceditlcna for de­
hydration of a substantial quantity of the oxide to be used in the pump­
ing experiment. At first the results did not coc-flrm th* earlier work 
at sill, and varied in a most unpredictable manner. It became apparent 
ttet the di eo er ad ng properties of th* oxide were governed by numvrous 
factors not yet understood. Ttet la, th* degree of dehydration we* not 
the only variable affecting th* subsequent dispersing properties. In— 
aamuch a* th* anhydrous oxide is stable in th* trrpes-ature range of 
Z5O—56O°C, any tsmpcratur* within thl* rang* My be maployed for de- 
hydratiem. The tea per* tore employed, however, would affect the rate of 
dehydration and conceivably th* physical form of th* residual anhydrous 
oxide. Moreover, other variabl** such as tin* of dehydration at a givm 
temperature. partial« sis* of th* oxide, thickness of layers of the 
material end ohmalcal purity might be important. A thorough investiga­
tion of the effects of all of these variable* tec not yet been seed* 
but sufficient work has bean done to indloat* th* following!

(a) High temperature* and long heating tin** result in 
oxide* whose di*p*r*lcn* in water ar* relatively low in vlscusit/. 
Thl* is also ths oasw for low tmaperwtur** in thv dehydration rang*.

(b) Intermediate tenperatur•• and relatively short heating 
time* give oxide* whose dispersion* in water are highly viscous.
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TH* slurry wort has b«aea swepcoded for ti»* pr«»*t but 1* 
WY be reconsidered la th* fbwurc. *<me suggestions for further study 
folio*. These nnmprise work an the colloidal ph.moneoa associated with 
th* uranium oxide*. Th* inflacnee of *lcatrolyt«s should be thoroughly 
*“*••*■ *^et’**» ’■wpsrinsuls slang this lin* Should imludc preparation of 
uranium oxide* la several different ways la order that residual inpuri- 
tlas ba of differ mt types. Those suggestions, of oom r so. ar* witirely 
apart frms much needed Im format 1cm on the effect of pil* m<tiaticn.

Ths oxide became disperses la about an hour of paspiugi th< 
slurry at thio point became very viscous and showed vary slow ettllng 
rate. Thus the action of the pwsping a ya t<si was similar to tla . of tn* 
colloid aill. Upon prolonged ptsaping the slurry *»s found to d arouse 
■teadily in viscosity* to inorease in settling ratu and as shorn by tr 
electron microscope (see report CC-2OS4) to laoran definitely m 
particle else.

The oxide and distilled am ter sufficient to rmke a slurry 
containing 0.2 g V/Wl were introduced into the twik of the pumping 
system. Bocoubo of the turbulence of the system the slurry reached a 
tasperatwe of TO°C in a short tiae. The temperature was maintained 
Whirly constant thereafter and evaporation losses were compensated by 
addition of distilled water.

(e) The changes in properties of the slurry tod toward 
steady state* after long pumping tines. The final si urry. however, is 
sufficiently dispersed to beomve satisfactorily as far us pumping is 
concerned.

(a) Granular uranium triexide when carefully dehydrated 
<mJ° ** l**d* water to form a slurry satisfactory for the
heaoceneoue pile. Thia dispersing tcodwwy is a funda.3aital oreperty 

*»*• ®*lde and nay be exploited to make preliminary pulverising or
■ loros i sing** treatment wausosamry.

Despite the shearing action of the pumping pyster. a 
net increase in particle else ojo’tr* at the elevated temperature of the 
syt ten. This is sin liar to the digestion of prweloitataa in inorganic

Pumping experiment No. 2 was imperfect in many respects. 
•Mfortunately some losses of slurry occurred because of leaks «- p-ep 
packing with oonsequmxt decrease in slurry ccnc«Litratian. All laboratory 
tecta on properties of the slurry have been aade on samples adjusted to 
• ataadard ccxxccntntion. map Ing experiment No. 3, a repetition of 
No. 2, was marred for the ammo reason. Furthermore, oorroaicn of parts 
of the cysten with consequent metal pickup in the slurry raises the 
du*etlon of Just what part electrolytes might have played in the results.

Altogether, however, some definite conclusions osut be drawn 
from thia work.
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5—ry of «p«rtj—itel data

•.1. Vi—osdty

VI—o«ity of —aples or tho slurry — s deterniaod by a 
atBmsr vise—ctor. Ths interpretation of vieocsity figures la ten­
or yield value and ooeffiei—t of rir.idlty (a-TFT/ was found not to 
apply to the present Materials. a rigorous investigation of the beet 
n— at *—aar—ent and iatorpretatlon of vi—ceity figures Ims not 

* be— conducted and it has be— necessary to be t—hat arbitrary In 
this eoiawtioa. Viscosity changes, however, ha>e been found to be — 
great that almost —y relative Method would raffle*. for the purpose. 
The figures reported below are the weights In grams required to produce 
a rotor speed of 750 rpm when tho special eontalcer cup described la 
report A-77 7 is —ployed.

Settling rates were detemlaed by observing the rate of 
—salvo settling of 1O> ml of well shade an slurry la a lOO ml glass 
stoppered graduate. The initial rate of Inoraata of supornata.it liquor 
in alAr is indicated together with tho ultlasts settling volume of 
aside as percent of initial slurry volume.

alootron micrographs of slurry samples have boon taken by 
Ur. Copeland's group at Illinois Inst’tube of Technology. statisttool 
studios of particle also counts have bean nadog details —y be found ia 
■P—ial reports to the Project by fir. Copeland. <3ee also report CC-2U94).

There remains the question of what index. of particle also 
!• »ost indicative of tho state of the slurry. Aa estimate of tho 
•▼•rage rarface to volume ratio asms a reasonably sound index inasmuch 
as tho properties of viceoaity and — ive settling certainly Bust bo 
affected by surface forces. In the tables below tho aanplws have been 
given two dmignatiena. I ho WC series refers to the number of the 
sample sent to Dr. Copeland for electron micrography.
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