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StiREh

This velums lma been written Yo provids the reader with aa underw
standing of the prebiese ensowmbtered and selved by resscursh for She-
Klestremgnetis Plant, IV alse furnishes fastwal reseereh iaformatics
on sssts, organisation and sentyuet provisicas, e text has Been
wisien s of 31 Desemder 1946, :

Noet of the basie ressared was psrformsd by Dvy B, 0o Lawrense
end kis staff ob the University of Galifernin, B0 attesyt is mde te
dotatl the studies prier %0 1 My 1043, but their extens is indiestod
by the status of the work om 1 Jay 1048 when the Menduttas Distried
offieially sssumed direet respenaibilivy for thed work,

Sash of the words and phrases vhisk are éafined in the Glogsary,
Appendix D, is desigeated, st its first appeersnce im the main Sext,
by an ssterisk (*),
maquumummmmtmm

in the mais Sext of this velwss, and paragraph desigmtions in the
summary refer Ve sesticas desigoated in the main text.

Qther phases of the history of the Rlestrampuwtis Plant are
deseridbed is the fellewing velwme:

Book V Volume lk «  Gemeral Features

Book ¥ Volume 3 <« Design

Boak ¥V Volume 4 +«  Silver Fregran

Book ¥V Velume § '- Censtruetiona

Boek ¥ Volume § = o’on?hu
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SUMMARY
SECRET .

1. Intreduetion: The President of the United States, under the
War Pewers Aeta, authorised ressareh for the Rlestromguetie Plants
'ﬂn purpese eof the li«\mﬁo Mesoarsh Program was te edtain in
& short $ims the basis infermaties noeded » tuild snd eporate a plast
fer separating seajs. The uo,o' of rescarch has insluded the physisal
predblems of mags spestregraph dosign and the ehemisal prodlens of pru
,nhg and mmriu obrp -mid. Noss of the physieal ressereh mmd
the m;mx ehemioal werk ‘She porfermed ot the Taiversity of Galifernin
. w.ua ubnury (UCRL)s Oertain of ths physicel mn-' nre
stuldied ab tie lhm“pﬁo Plant, Oak Ridge, Tenmesses, Sam M
esal predlems were .mta ot Brem vunrsiv, Pardue University, Joha _
NHopkins University and by Tennessee lum Corperstiom (uo) ad lu
shester, Sow York. llnirmuotu n’unﬂu of isetepes is based om
the prineiple that an iom deserides a eurved path as it pasess thu“k
a mgnetie fleld, With s magaetic £181d of ecustart stremgth the heavier
femswill dessribe x survesof leager radii. Isetepes of am dlenead, sinee
they differ in mase,can therefere be esllosted separstely, The prinsipal
oquipment required is & seuree of ioms, & magnet te supply ﬁg field, s
otlliester fer the separsted ioms, and an muh‘ tank %o contain the
seuree, eelleeter, snd lon path. Nuch auxilinry and eentrel equipment
is alae muind. |

2 e un;m h!nnhry ot the University of Califerais was
fousded by Dry B, O Lawremse aad his asseeistes in 2936 for cendueting
nuelesr physies researeh, Dumonn nade in Burepe were verified My
Dr. Lawrenee and others and further studied in the 37~ineh and (O-ineh
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oyolotrans invented by him. Research there proved that only certain
uranivm atoms exhibited fission properties and indicated that studies

of this nature could be acoelerated if these atoms could be isolateds
U=~235, one of three uranium isotopes, undergoes fission with relesse |
of trn.nﬁouo smounts of energy. m- phenomenon was the subjeet of
intensive study by physicists all over the world, Ia im l;nmnao'.
knowledge of U=-3387¢ military potentialities resulted in his appointment
to head a committee rcport;pg om the subject to the National Defense
Research Counsil., Neamwhile, Dr. A, O. Nler at the University of
Minnesota -ﬁoo«dod in separating minute quantities of U258 with a |
mass spectrograph of his design,which ditfcrﬁé from an earlier Dempster

" design in deflecting the lons 60° instead of 180%, Besst with theew
retiocal ~1mfntiom, Dr. Lawrence nonetheless strove to convince the
Mtional Defense Research Couneil that an electrommgnetie separation
process would works With UCRL funds the 37-inch cyoclotrom was con=
verted to a mass —spoottograph and proved the design by separating a
small sample of U=2335 with-is, A larger cyclotrom, the 184=inoch, was
then alse comverted to a mass spectrograph. Studies with this huge
apparatus from May 1942 to the summer of 1943 conolusively proved the
feasidility of electromagnetie separation. Prioe to May 1943, when the
Distrio officially took over direction of research contraots, chemioal
studies of interest to the electrcmagnetie process were boixj carried on
at UCRL, Brown University, and a pilot plant of Tennesses Eastman Corpore

ation at Rochester, New York.
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2
Operating Arrangements. In Jume 19LF, research fer the eleetre-

magnetis precess was shiefly deing earried om at UONL and Browm University
vader OS2 centrasts., The Nazhattan Bhtr!.ot‘ sstablished lisison with |
these universities: 7The Distried contraet with UCHL, authorising researeh
work, reisbursemsnt, eertain empleyes bemefits, patent provisicus, returs
of exsens overhead, and ether details wemt inte effeet 1 May 1943. This
uuuut was u-hhton‘ ‘“reugh an area engineer ad Berkeley., The
!uuun Bastaan eentrass provides for researek, dut its prineipal pre-
muu ewll for operatien of the full-gised ssparation plant: This eeme
mouu sigoed T Jume 1943, effestive 6 Jumnary 1943 Brewn vnmn'sv--
oontmi was taken ever by the bum« o 16 L)ﬂl 19L3. Ite provisiens
are similar Ve thoes of UCRL, exoept thn ne oqhy-u bcuﬂt fnd’ ostAbe
lished, Administration of the Brewm eontract was first the u:pon;lb‘lhy
of Nadisen Square Ares, later of Chisage Aren, snd finally, in Septesber
193;,. of the Omttm Offieer of’!c-l& Purdue and Jclu qum ﬁnivor-
8183108 began stulies af recevery mtheds for the Y-12 Plant in Desentor
154k and Pebrvary 1*’,,‘.'. *he request of the Y-12 Operations Offiser, The
centraets hed origisally boem administered by ihe Ges Diffusios Plaat
Operatioms Offieer and sre ;huu o othor 'oonmh regarding nh\uno-
ment and patents previsiems. They de net pnyuo for an smpleyee bemefit
fund or return ef exeess overhead, The researeh faoilities in use by

the Blestremagnetic Projess em 1 May 1943, when the Distriet teek over
adninistration of the soatracs,ineluded ten different Universities of
California buildings, im addition te these in the 18,-imsh area.  All mew
conatrustion was done in the 18~inoh aresa and has ineluded several .
buildings of temperary eonstruetion, - |
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Feellities ot Brown, Purdue, sd Johns Hepkins were existing
1aberateries in the respestive shomisiry buildings,whish had besn re-

nodeled whore neeessary.
Gests of the réseareh werk have Wtalled sbeus 19,500,000, of whieh

ever 90% ws spent &t UCRL.
: anan pluuum 4% resesreh stations were thess usual fer She
Mﬁﬂn nl ineluded & eontimueus guard mua, slassifiention of un-
-miuum, & pass system for empleyess, ni all ether ,mohm »
tagsure uun sesresy. Safe eperating prasties and mintnanes of sade
Safactery meeident reserds ot researeh installations have been the rese
mmuty of Whs Distriet Safety Offies and the Cemtrasting Offieers
3 w Mhﬂ regeareh, thdthmhliu :
and qmun of tb mss spestrograph for separatien of U-235 frem V230
me p-rtond. ’uuipouy a% UCHL. The Alpha I preteiype was predusing
material eariched %o 9.0F U235 by 1 Muy 15b3. This equipment was weod
for \uuhg Tonnesses Rastman Serperatien eperatiag porsennsl, lspreve-
nent prumiut Ahe ilpha I wmit eperating &t & 255 higher rate by
Jemwary, 194k Deta spectregraph design was stedied alses Sems of these
Beta studies were centinued at the Y12 site uader direstion of o VORL
staff after 1 My 1543, The Alpha II mass spectrograph, an impreved Alpha
unit designed at WL, was tested at Y=12 in the fall of l9h3. Addisienal |
werk on this Wit at UOKE hed inereased 1% predustion rave 50% By Oetebey
obhe A ‘cmin progran® ¢ mnm preduetion in doth Alpha .x ond
Alpha II was studied in 1944, The pregram i still ian ,uuﬁu.. ad suseets~
ful units have beem operated, An Alpha II program, te inerease predwstien
by inersasing oswrees amd eolleoters 4 18 per mity, ms Serminated because
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SECRt+
of the suscess of the Gas Diffusion Plant, Soms fundamental researeh
has been carried ous as UCEL te develep rew ion sources and new methods
of isetepe aseparations Basie designs fer magnet and tank equipment
%o be u“ in Alpha I, sud Alpha II, and Beta operations were all drawm
up prior ¢ 1 My 1943, Ingeaious methods were used to preve this de«
siga with small mode) magnets. Magnetis “shims® te corrests magnotis
£1e1d irregularities wore designed and tested at UCKL. '
Seventyotws differeant sourees were desigaed and duils at UCK of

"het" or "esld® wypses Souree desiga is complisated by mterisl fail.
ures at the temperatures and veltazes requireds The insulater predliea
has been espeeially treudlesomss Cellesters had te be designed to

es1lest W0 largest pessidle frmetion of U35 and either exslude or
esllent separately the unwemtbed lsabepes. Their desizs has alse beem
somplicated by material failure at the temperatures attained, Graphite,
in many ntriu‘h shapes, is used in the cellester te lolva sems of the
problems: Yew sleetrisal cqnip.nt fov eentyol of the mass quiﬂgﬂpk
hululhg hizh voltage nouﬂon, experinental olutruio devicee; high
presision pewer regulator systems, and centvels fer himup tranen
lent phenemsna,was desigued at UORLe Moctifiors supply pewer censidere
ably in exsess of the power used ix radie dreadeast or ether similay
higheveltage applisations: Power regulaters somtrel veltages o 0.l%
of averages in extremsly high vasuum is nedessary inside the mass spee~
trograph for cperaticn: DBiffusion pumps backed by mechanieal pumps were
developed by manufasturers undey the dinoiioj of UORL: These puppe
have greatsr eapacity and operate at lower pressures than any iﬁét

ccmmeroial -type pumpss
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© Bffieien$ separation of ursmium from the wash solutions used in elean.

ing the mass spestyographs has beem a eonsiderable prodlem. Tennessee

‘Bastaan Corperatien designed the Alpha recevery system and later the

Beta reeovery systems lMotheds of redwing uranium content of wash selw-

- %4ens have deem stulied by Brewm amd Johns Nepkins Umiversities, All

selids whish beseme sontaminated with uranive must bo presessed to roo
sover the metal., The graphite used in the sellesters sometimes eonwains
2% uwranium, and recevery has been diffisults This predlem has bess
stuiied by Tenmessee Bastman Cerperation, Johus Hepkins, and Puréwe,
but an entirely satisfectery saswer has net been foundi The highly
onriehed ureanium recevered frea Bewa nnmn, mt bo repressssed %
LU/ L ohput. Nest of the researeh en this repreeessiag has beem
done by Teznessee Bastman Oerperation. Analytieal researeh (studies
te determine how mueh ursaaium is present iz a mixture of elements) end
assay researsh (stulies te determine the retie of uranium isetepes) have
deon earried out for Y-12 at UONL and in the Tennwssee Bastman domution ‘
Researech Divisien. Netheds for rapid amlysis have been developed whieh
give geed results in 20 minutes. Assay anmalysis, fellewing generally the |
mothods dovised by A, 0. Nier, has been doveloped %o @ high aseursey by
Teunessee Esstman Jorperation. Marieded feed material frem he Gas
Diffusién Plants has been senverted te slarge mterial suscessfully after
s Texnessee Rastumn Corperetion pilot pht;. study,

Safoty hasard researehs by UCEL and TEC has beenm direeted at redneing
danger of phosgene poisoming, X-ray imjury, and peisening from ursmium
dustd,
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5. Orgamisations The iaitial f{lkidle Distriet organisatica in
Jme 1948 wms gradually stiffensd mtil direet somtrasts Yetween the
Distries and researeh eontructers were offested im Nay 19.3. Key peresene
nel ineluded Golemel J, G, Marshall, Celemel K D. Fishols, Major W. B,
Kelley, Lty Cele J¢ R, Ruhetf, Major N. A, Fidler, Dy, G, B, Winters, and
O.tphh‘ Jo D¢ Ireland,

On 1 Nay 19h3 the perscnnel st UGNL imeluded aeveral of the tep
reaking seieatists in %o sewmtry and teckaiesl people in may varied
fields, under the direstiem of ﬁ. B, 0y lawrense, UGCKL assisted THO

TR s

a% Berkelay by training nmbern of mass speetrograph operaters, ant lster

Sremsforred more than fAf%y key speeialists e the YoI2 site ‘ -
rmg-.;q Bastman Corperatien d1d its first researsh in a Roohsster g

laberatery of the Bastman Kedak Oempamy. THG research et Y-12 was care

ried on by un Chemisal Development 3eebion mn Ostoder 19k, snd Dy

& soparate Receareh Divisiem since that time,
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MANNATTAN DISTRICY HISTORY
XOK V - ELECTAMAGNEYIO PROJECY
VOLIME 2 - MRARARCH
MTIOI l1e mmnos

11, _P_a_tp_o_;. - The inivial purpose of the Rlectremagustie Ro-
mmm-- o odtain in the shertest yncm.ﬁn ﬁt\uto
information meeecsary % desipn and opouh a rln male phnt for sep=
aration of wrenium 235 (v-235) from nermal wremium, Nesearsh has OQI-
tawed beyend Wis original ebjsetive te inervase predustion Wreugh
hMgher ymu end lowsr leeses, sud % olacs perseznel basards, )

1o Seops. - The sseps of researsh for the. 'lnmﬂo Pre-
Jeet ineluded the n«wux proviems of erigimting, tuthc
| gu'urmm VT q«tumpn design for plant wse, and tbfohuha_
predlens ot‘nvnpldu, and recovering wenium eharge materiale (uremimm |
Yotrachloride) and ressveriag the ﬂrldu‘ mteriale or final produsy, -
(uresium tetrafinoride}. Meat of the physical studiss regarding the
operation of ﬁo mAgs speotregreph were pursusd at the v-mtlity of
Oalffornia Mdistion laberstory (VORL). After 1 Nay 1943 umh of
these physieal Preblems wore studied at the n«mnu Flms, (r-u) ,
Qak Ridge, fennesses, Chemieal predlems were studied ad Browm Uaiversity,
Previdenes, Piwde Jslemd, the Termessee Bastwan Cerperstion Piles Plant
ot Moshester, New York, ani the University of Jel ifemia ot Berkeley sad
Davie, Galifernis, | o

The soepe of research has echanged simoe Oebeder 1943, %o inelude
problems conserned ehiefly with inereasing produetion iz the mass spestre~

graph, redusing losses in Wwy Rrecesses amd ¢ liminating

1.
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 or redueing p-nmoxh-ur«.mum and ohemosl preblems with
this enlarged ssepe have semtinusd 4 be carrisd ewd by the YCRL
greup ustil the preseat davd. Jehns Eepkins University at Baltimere,
Marylead, md Purdus University st Lafayetve, Indisna, have alse beem
stadying soms of Whe shemicsl recevery preblems of the Elestromaguetie
Plant (Y«1R): o -

In addivion te these outside greups, m'!-uuoo Bas taan Core
poration has mintained sinee Ucteder 1943, at the Yal2 Flaxt, a Mee
searsh Sesticn o study ehemisal predlems and & Precsss Improvement
Division (MX.) %o eontinwe physieal yesearsh. The astivities of Al
are deserived iz Velum 6, Operations.

1-3. Axtwrissties - |

ae All setion iz cemnestion with the institution and pnn-;

AN

eubion of fhh preject ms takea wmder avitheyity gramted dy Ccugress
in the Aete whish hre deserfded in mether Deek (Beok I); the funds
used nr§ likewise apprepriated dy Adts there desorideds

% Under the awtherity vested in him by these Aets, the
President issued erders snd suithorisations whiah u"0 dessrided h “he
ssme doek (Beok I).

¢. Majer Gemeral L, N Greves dirested or sutherised the
goneral pelisles and direstives under which the Mhattan Distriet
carried ous the werk. The 8.1 Committes of the OSED snd the Military
Peliey Comnittee registered their general nppmil of the dasie dee
eisions invelved, as reserded in the minutes of meetings or in ether
doouments in the projeet filess (Appendiz Dl; See alee aonuaflr-,
Org'uutuu and humol).
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m. - This mthed of separation called for o large
oumber of "cquuhd elestrenaguotte Sovises requiring high vaouum,
Aigh veltages, sad intense magnetis fields; end o greed deal of ree
coarch and dovelopusnt Wik, The fenciBbility of Wis grew eut, sariier
work k. 7. Denpeter, we 1a 1919 fires weed & sinplified pe of mass
spectregraph, nd 100 15ter werk of Dy B O, Leurense whe by
6 Desemder 1911, hed been ad1e te depeait 1 aleregram per beur of Ustff
Crem whish & unn m.- ot'ﬂ-ﬁihlim rensveds The mm.u of -
b se epsotrograph s indissted By B3, Pigs 1, Appendis B, Sais Velwnso
Zere wo have the lens of am element with saxs oharge but differeat masses
(295 and 238) acselerated inte & veowun shander and Ahrough & magretde
rield, The uulmtol fons have appreximately 3le seme kisetle ewergy |
hemse slightly ¢12ferent velosities, (KB 2 § ivg) and mm Pt
(®)e This wuld cause the’ u-um-amh fellew different
eireuler ares with the heevier iens having semewhat leager redii them
. Shese cf e lighter iems, rh Sene will »nn'dm'mﬁd af Ve
esemploting & senteirele. Sime Shevw {s caly 1.3% differense is mes
betwoen the 238 and 258 lsetepes”ef urantun the predlen of ebiaining &
mh separation of thees compencats is semplex and diffieulss JFew
esangle, 17 ¥he pethe in the magnetde f1eld have & redfus of eppreatmstely
ks feat, the maximm sspavation of 337 and 238 atems W1l be sdeud sime
teuthe of an inek. Usfertusately, for several reasens, all less do ned
‘nold e thedr truwe paths;: Shovefore, Were 1o an overiapping of the patde
A% She peint of eslilestion Whioh causes & varying amsuat 'of emaninatien




/"\‘

Epthed of Separating the Compenents of Uramium (See App. Bl), shows a
grephis demonstration of the prosess and the overlapping of iem paths.

b, Bquipment Nequired, - In general, the oquipment needed

Consrhs
% carry oud the clestremagnetis methed of separation iy (1) & sourve

for the predustion and asseleration of lome, (2) & eellester fer re-
oeiving the desired isetepe of uranium, (3) & large nagmet o make
the atems follow curved pathe end (L) e ebamber or tank, pusped dowm
to lew pressure, ia whieh thl partieles travel from souree %o sellesterm
fhh aak is placed detween the pole fuu of the mignet, XIons % de
separated are predused in the source by an slestric are ruming in the
vapor of & uranium compeund, The eempound qﬁt be Yaporised by she AP
Plication of heat. When the ions of am Lssteps have been prodused
ey are agscelerated by a high veltage and then travel at a oouhni
cp«d along curved paths in ¥he mmgnetic fisld. Upon arrival at the
sollester the ims give up their eharges, are neutralized and selid
-ﬁrﬁl is deposived, ‘A_hiigh vaouum mus$ be eontinuously asinteined ia
4he tank in whish the ioms travel, in srder %o yeduce the number of gas meles
eules presens, ’{i’.”.. an lon, traveling betwaen seurses and celleotor, sele
1ides with & gas moleoule, 1% is deflested from ite path. . This scattering
‘of dong resulds in lou material colleeted and poorer upnnuon of the
maberial, MNuoh -nuury oquipment h needed, lneluding vaows pumps;,
‘high voltages amppliesa, elestronie sontrol equipment, low temperature
osoling systems, speoial handiing equipment, stes X
A mere detailed oonsideration of the ;zfnnt of research and develope

men$ of ﬂu variowm oayon-nh will be ““‘Ptl:\as SiFué ,
- NUC

L Y




1-5, Historical Bsokground, '
as BRstablishment of the Radiation laboratery. ~ Betweem 1930

and 1940 Prefessor B, O, lawremce and & group of associates in the Miysies
Department at the University of California were cdndusding inbtensive ree
search inte the funiamentals of nusclear physics. The impertance of these
investigatsiens and Lawrence's inventiom of the oysletron® and its develepe
memt as & %0l of researsh breught abeus the sstablishment of the Radise
tten Laberatory st the University of Galifernia under his direotica im 1936 |

by Significant Bisseveriss.- Diseoveries were made during this
decade in Burepesn and Awericss Yaberateries regarding the mature and ree
sotion of nuslear phemoemens. Disceveries of nuslear resstiens of the else
mmt ureajum under specisl éondisions were pronptly verified by Lawremee
n_d' Mis se-werkerss Purther research inte the observed phencnens was
carried om at the Radiation Maboratery with such pewerful instruments as
the 37 inch mad the 60 inek cydcmu In the eourse of rnumwli
there and in other laberatories, three things becams ineressingly evidenty
(1) that enly & certain kind of uranimm atoms exhidited the unusual pre-
perties Qndor investigasion; {2) thas investigation ef Shese phenomena .
wauld be aecelerated if & quemtity of this kind of atom seuld be isslated;
sad (3) that the eyalotrons were ideal Vools, resdily at hand, thad ceuid
be sdapted for mm electvomagnetic mthod of separation of fsetopes.

o, FebmilaliMes of Vremium 235, - Uraniem has thr&o~1q-r-t
isobepes, As 1% oeocurs in mature it is eomposed prineipally of atems Ve
lenging %o the isetspe of mass 238; that 1s, 1%s mase Dy definition is 238
*imss tlw mags of the hydrogem aten, Approximately ene atom of uranium
in every 140 has & mass of 235 and one atem ia sppreximately 17,000 has

~SECRET _
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o mass of 334, A charssteristie of the 23§ issteps of uwranium (U=238)
s Shat, wder sertatn scuditions; 10 wdergses a Sranaformation(mes
slear fission) asscmpanied by the relsase of tremendows amowmts of
energye This wergy is several milliice timse as gread as could ds obe
iuutwm«ml-tﬂdunh mmmmm_
Mvmmwmmx.mmmmorm1nm
searsh by physisists Uwenghont the welds D, Lawresos wes ene of the
forenset ss1eatists whe attained an early relisation of the vasd petens
$ialities of =138 as s military weapen; snd ho was cap of those whe
tool pard; in 1061, in the disensetons of tMis aopest of wasiwm vith
Dry Vannevay Bushy Direster of the Offise of Selentifie Rensareh aand
Duvelepmeuts Dpr) Liowenss WS appeinted to & mew committes formed ab
Ahe reguest of v, Bush, by the Bitlensl Aesdeuy of Seiences to repord
“te the Mstlonal Defeuss Ressareh Cvwneil (NUNS) of the Office of
Selentifie Becosrsh and Doveleynest (OSAD) ow this warwvital swhjeets

(1) Barly Weeks « During 1040, Dy Alfred O Nier, ot the
University of Nixussetn, snd Ory K Mo Kinglem, with Ore Ny 8¢ Pellesk
st 2o Gimersl Blostrie Researesh Lideratory ia Schanustady, New Tork,
Yad suscesded in separstisg minuls quantities of U285 from the okl
Ssetepes of the slomsnb, Altheugh thelir prosess was &n olestremagnstie
asthed, employing as spperatus Inows as.4 mase spestromwier, the rats
amunuammmtmmmsupmmmm‘
of the materisly weuld Mive takes some 800,000 years, working 24 houre
per days This ealeulation wma dased on the sepamation and collestion
of one mieregrss of U=238 in 10 hours,

184 5
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(2) Dbiffisuléies. - Serwais thnnﬂnl diffisulties, notadly
space sharge 11-14.1»1.-, as well as the mnttu of Nier, Kinglem,
and Polloek, made the NDIS hesitate te sppreve the oloﬂr,np‘th mthed
of iseteps separetion as a prectical appresch %e the preduetion pnblm
Lawrense, howevar, was mod sonvineed that the indieated lhhlil.ou were
h-umhﬂm h Nevender 19&1, he’ dm on Badintion I‘hntuy !ﬂl L
and & grant frem the Mesearsh Gorperatien of Now Tork o meet the expenses .
of sonverting the 37-ineh eyelstrom te o miss quim. vun ta nepe

d- expestation of separating s wasdble sample of v.ay‘ M upnm |
were later npﬂd. Within three mnths the Madistien hbomny hu
predused a sample ef 100 misregrums. This was & Siny ssmple bet suffie
eient ds e useful in dedermining the preperties of the material ad

demenstrate taat the mthed held pessibilities of ultimate suseess.

A% about the same Hime thad the 37-insh eysletrem was senverted inte
o mass spectremetory, 1% was desided to comvers the I&Aﬂ WM.-‘
Ahen wnder o-nimun, intes & mes n)utnuin. The nqhﬂn of
e lah-luh mlotm. mnm-, was indefinively pestpened, Pands
hmmﬁo«qmmortbhuo-nnofﬁh -ydurnnrouu
available by the Meekefeller Foundstion as & oombridutien te Ahs lader-
atery's war researsh, ’ |

Qnﬂng the eeurse of en-» prelinizary york Ahe Researeh Corperation
of New York mde a grant of §5,000 to the Radistion laberstery %o assist
in the fsetepe separatiem pregrams This s In addition te the private
funds thes had been supplisd by the pdu:"ffzxn fountatten, the Jolm md
Mry Jarkel Foundatien and the University of Califemis. Then in December
1951, the OSRD effered a emirnet %o underwrite this phase of the nu.nl,
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end the grant from the Researeh Bn)on\;n ws retursed. (For further
dissussion of contrasts see Seetim (2). | "

¢e Klesiramagnetie Separation Preved, ~ After the preparatisn
of the first sample, experinints were pushed day and night ¢o inorease
the sutput of the oguipnent, By Nareh 1542, alterations in the originmal
apparatus had maized the predustion n.(to, for -hort'pwhu, Yy & fhater
- auwigu.' the greas 1&-mmmm¢u for the
first sines The tremsudows ineresse 1a pewer and fReilities \hat this
- apmhé(lo‘ Appe AR) provided We researeh grevy wms reflested
during \he ﬂnwiu menilis Dy eerrespeniing lnereases in predusties,
- by nu-m 1gLh3, St was d-oumui evident thad the elestremsgaetis
nethed of _soﬁuﬁh; ke isetepes of uranium was a prastical proesss and
shat & large mugh sleetromagnetie plant esuld have a eritieal beering
on the war aud inestizmable implisakiens for muslear researsh im 4h¥ fupires

f. Ghemistry. . | |

(1) Preperties of Uranium, ~ The eleweat uranium ws ldendified

by Klapresh in 1705 in the form of & lever exide, and in 1842 the metal
13s01¢ was predused by Peliges (See App. D8). In sigaificent eonsentra«
tens 1% is not a cemoa element, dut is fownd in & nwmber of minerals,
mst of whieh 8rv rare, The ehemietry of weaium has bem of interest
prier v 19i8 prizeipally becsuse wrasimm ores are & seuree of radiwm.
The ebemisal preporties of the elemtut wore well knewn befere the ine

seption of the eleetremagnetie preject (Jee App. D2),

(2) Shenieal Ressureh ap Borkelers « Prier to Augues 1942, the
culy shemistry izvelved in the eleetromsgnetis proeess was that nceessary

for the preparation of the uranius Sesrachleride (UC1)) and ether ursaiwm

MLASSIFIE TRCOL.ED
' UCL FORMATION




SEEREF~
halides used n ocharge mdorial in the mass spetregreph, and for ime
provemsnt of analytical metheds te deterninge uranium, A% thiz time the
wrk was being earried outd at Berkeley, Califernia. Abewd August 19i2, '
s form) deul Greup for thia Prejaet was organised st Nevkeley, This
group sbmitted it £irey menthly Repord September 19L2 (See Apps 01)¢
_Besides the problems of preparing eharge materisl, this greup alss begma
Y0 ecmsider the prediems of recevery ¢f wmuwsed charge uwmx u:l ﬁﬂhﬁ
development of amalytioal metheds, |
(3) Researeh st Nrewn Usiversity, - In September 198, the

Brows Univereity researsh stas, mder Office of Seleatifis Mseareh and
Development Coutreets 038296, began s tudying m of preparing -
wsaiue metal (See Apps 02). As a prelininary €e the redustion precess

1% beowss nesessary te develop & methed fer preparing uranius halidess
Orewing oub of Wis halide investisation Valy wes preduced md ly ohanes
- methed devised that Beomme of inSeress %o the liom-m precess
o0, 8 °iFis adertal threugh b use of sarbes tetreshleride i & liguid
hase resster. Frem septemder 1943, watf) 1 Jwne 1943, Rrewn University
(S ipps 08, PR) seut 26R peunds of sharge material o UOKS for wse i the
spestregraphi ‘ . | |
(L) Statae, Nay 1943y « By 1 May 1943, the dste the Mamhatten
Distriet's centrast with WKL becane effeetive, there existed severel
 preeesses for mking sharge material (See App, D3). Alse, by thig time
s mall piles pldaf was in operation atd Berkeley Vs stady methods fer

1005 resovery of the uranium seattered inside the mass spestregraph at -
the emd of & ruils The Teunessee Bastmm Corperstion centrash (ln Appe’
Dh) was effeetive ag of & Jammry 1943, end by February 1%3/ a fow repe

resentatives were st Berkeley ;Emremsmoa Seme m .(ST:EYJ

ro NUCLEAF RMATION




studies were started in Roohester about 18 2pril 1943. (The
from this group is in Appendix DS).

first report
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smua-mumu

1. Qosriintion of Rxisting Programsy « Iu Jume 1543, researsh
in the fields pertinent te the slestremgrsiie provess was ohiefly bedng

carried om et the University of Califoraia. Ihis researsh was suthere

(- $50d \y Offiss of Sslentifie Researsh sud Devslopment (0SKD) Comtwaets
CXNsi687,799 and 006, Bremm Uhiversity werking undes Contreste OBMare

290 and 689 ou Bleetrebyiie presess snd Sl preparation of Netallis

’mmmmmwum mm

" ‘ummmmwmumwumummmm
'.mmnwmmmwmmumnm. o
um.mmmmm-mummmm. o
An sroy orgaisatien, later docigmted the Mamdetten mm«. i Vhea . '
estadliohed to cosrdisate and swpsrvise all wark (Ses Vel, 1), um
| | umtmmmmmmmmnummww
< of Galiforain wad Drows Wiversitys Au Ares Gffics of the Districh we
 plased &% VGRL in Avgut 1942, nmummuuafﬁd
mmmaxummmwmﬂwu'
‘mmmmm;wmuwmmw |

MWmmmwummtn-mdamlm .

mumuw
=8 Oalversity of Con
o Negotistices with the Uiversity of Galiforniss = 4

Lebter contriet, dated 3 Agril 1943, Wi prepared by the Distriod and
¢ appreved by the Univereity of Californis Regeuts ss & temporsry aeasuré
 t6 pernit the work te ge ou while the formal sonirues was being negotiasted
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(8ee Apps C3). Noegetiations held in the Distries 0ffiees in New Yok,
om 16 April 1943, resulted in sutmissien of & drefs of the formal
eontract, This contraet wes entered inte Dy the Government and the
University on 20 April 1943, -i went inte offect 1 May 1943, Heweven,
ae stated adeve, the Distriets exoreised contrel over the research at the
University of Califernis ss early as 19U2, threugh ite Ares oftioe.
Then the fermal sontrast (We7L0S-eng-iid) was prepared, 051D eontreete
ORMsr-687, ORMSr-799 sad (ENsr-803 were termimsted and the unexpemded
goversment property was transforred te \he War Department. The researeh
and preperty thus vame under the somtrel of the Distriet. fThis transfep
leter ineluded OMNer-651 whem it verminated with 08I0 1u Jume 1943

This contraet (W-7L0S-eng-lif) was negetiated -ri.th the Universisy
of Califeraia because of the wman of the work done there h
the field of nuslear Pphysies, the waique equipment, such as the 0’.10'”‘5
mulblo in the Radiation laberatery, sud the Laderatery staff's exe
tensive unlodgc‘of the ssparation Sechniques The 1veeareh prejecss ws
in full eperstion when the Mmhattan Distries fermally entered the

plature as centracting sgeney,

» Provisions of the Cemtrash ‘Iu App. g). = The Uaiver-

sity of cnmnm wa avtherised bo preeure e mnuua;md persennel
» obhh tb basis informstion n««l » dcup and operate a fulle
seale plans for separatsien of u-e” from nermal uwraniums The seope of
he work ineluied testing and eerresting mass spestregraph design, piled
plant studies of chemical sharge material preparation and f«mrr, md
prodlems censerned with remeving all health haserds. The ceepe alse
ineluded training of persermel for pland ocperatien. All werk perfermed
bhad the prior epproval of the Centrasting Officer.

-SECRET
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™o total amewt the sontracter may be reisbursed is limited by
Ars, IX, Par., 2 of the eontrecs. Supplemnt Ne. § te the contraetd
ﬂ\ eliminates vo-»vﬁpcu of & prefit %o the centraster fram the 25% of wages
and salaries gw he is allewed for everhead,
All .luuouco- and Fo».. dependents are indemmified fer »&5 due
%9 the hasards of the werk by a S.Eo.So fuad 13... will bte Ie_.te.l
for a -oq»o.- of tem years after .-ltn-o ﬁul»u-:on
. The o.i!loo !ﬂ‘»- the usual petent previsions whieh n»io the
Gevernment .EO right % t%ake tsitle ®» -nu patents which lﬁ. resuls ni

diseoveries l-c in the eourse of the work :Q. -ool 1 Vol. 13 « P& )e et

o AMuinistration of She Gentrast, = The sontvacter is "
-»-! in ov‘u-»nu prierities for maserial , dsferzents ?.. ey lu. and
in ether .—o.o,-»w-., by the Area oao_o ab the Radissien lederatery, The
h.\ . _?.o- Office alse halpé ..oolu_un‘ researeh at a-u»n!i_um with researeh
ot ether sites, and sots as the Geverament'd represexistive for interpres
tation of tio contraet. This Ares Offise is direeily undey the Blsetre.
mgnetis (Y-12) o-c.ic»oa- Ooffise ab Oak g.. whish in urm reports w
the Distriet Engineers :
&3 Tennssses Bastms Corperstiem _c.,lt
as JNegetiations « The g-oo Eastuan Corperation wis first
appresshed om_-o.ou..-,uun the u,wooe-.o'uao._cno Pire joet on 2 Desemder uﬂ.ﬁ.
On 6 Jammry wﬂ&... a Letter of Intent was issved and -‘ fermal eonirsed
was subsequently negotfated on 7 Jume 1943 (ZJee App. uov. Whaile the
(. prineipal :-»ull.l. of the Tennessee Eastman Oerperatvioa was %o

opérate the full.sized isctepe separation plansy, 1% ws receguised by

2.3




TiAle III of the Comtrast (We7l01l-eng23) Shat Tennessee Eastman Corpere
a%ion would have %e perfora soms independeat research work %o insure

preduction. 7The resesreh werk was llﬁj“i %0 the written approval of
the °ontnou.’l¢ Officers

‘ bs Previsiens of the Gombruo¥e « (300 Vol. 6 and App. D9).
This was net primarily a researeh soatrast, bus provided for cperatien
of the plan¥ as Mhaerided 1n detail s Velume 6 e ressareh werk pree
vided for wmder Title III was t¢ be num-u lnd dmhpuu\ (hduhg
Process Imprevemint) wie estimted st §1,226 ,6!5 for the fiTrs yeary
June 1943 %o June 19ik.

¢s Administration of the Contrses. = The Termessee Rastman

Cerperation at Oak Ridge is assisted in all phases of its work by he
Y12 Operstisns Offiser, whe fulfills the funstien of an Ares Bngineer
The Y-12 Operations Offieer has 1iaisen persemnel e his staff whe mine
tain elese eomtast with bedh th ehemlcal and the physisal research sems

dusted st the Yul2 Plamt.

2+l Brewm University Cemtracts _ _
8s Negotiavions with Brows University. ~ & emll ressareh

group at Brews University was setive in cortein dranches of wranium
chemistry from 1 demvary 1942, for OSID (See App. 02). With the
agreenend of Brows Usiversity the twe 0SID eontrasts were replaced

by War Beparimemt Contraets Yo, Wa7l05-eug-7% en 16 Aprid 1943 (See Apps

10

Dg). Sines that date Brow University las sentinued to supply infermasien

te the Rleetromaguetic Prejeet ia addition to helping other Distriet
plants with preblems roqnirhg researeh,

SECRER
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b Previsions of the Contrast (See Apy, D10)s « Brewm

- University was authorised %o ,fnun facilities and persemnel %e study
metheds of preparing uranium tetrachloride eharge material whiek ceuld
be adapted to quantity prodwetion, and methods of recovering mn!._
from dilute solutions. All werk perfermed had prier appreval of the
Contrasting Offiser. |
The sentraet seataing the uwswal tetal reizbursement 1imitatiems,
Supplement o, 3 eliminates pessidility of prefit frem everhead. Fatemd
provisions in \ke sentyest give he Governmmt he rightt %o ke wtle
% all patentadle disseveries. No bemefit fund was established simee
the werk sarried ous bere was net extra-lasardeus, | |
s Administvasion of the Gontrast,-fre Area Engineer,
Wadisem Square Ares, had aharge of the sdministration of Whis semtraes
usbil March of 19LLs At that time, sines Brewm University was deing
ever half its verk for Ghisage, Whe Ghicage Ares Baginesr was mde roe
sponsible, Iu September 19ls, a1l the Chicage studies were eompleted, sad
Byewn's researeh vas mh wtally for the Klestromaguetis Prejeet (Y-12),
Sinee Nevembor 19M|. the Y-12 Operations Officer has hod charge of the doehs
nisal sdministration of the scmtrast. B s
2-5. Jehms Untversity snd Purdse Unfversity Coif
a. Negosiatiems with Johus Hophkine Uaiversity and Purdws :
University. - In December 15l predustion 41iffisultise at she Termessee
Bastuan Plast wore such that euly & 14ttle;more than 208 of the wranimm
metal pub inte the Alpha Duilding came ovd se predwed (See App. D17).
The T-12 Operatiens Officer indicatod s desire te oonlued researeh st
Johna Hepkizs and Purdue te help solve this oritiesl preduetien difficully

fS’E‘QSEfL.
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(800 app. Ch and 03). Dok wmiversities indiested their willingness

e ocenbinwe research I the Yol predustion preblems sizmee they wore
_porferning sinilar werk for the Gus Diffusion Froject wnder Whe sdninise
tration of disen Square Aveas Acserdingly, Swpplement No. 10 % the
Johns Hepkine Centraets WoT7l0l-emngeli} and Supplemsmt No. 5 %0 the Purdwe
Gontrass Wa7l05-mg-Tls wore sppreved in Desesber 1944 se that researsh
wrk osuld sontinme ab these twe Edoﬁ-»:-...mw&\.x» 013 a0/ 0 74) |

bs Previsiens of the Contrasts, = Beth Pardue nd Jelms

Hophins were autherised te gtudy g.& resevering ureniun frem eorw
teln presess materials (See Appe 05 end G6), Tho seope of work at Pardas
bas inoluded ecnstruetion of & emall piled plant te stwiy less seurees,

" and seme studiss of new shergs material predustion processes. All werk
 perfermsd has had prier appreval of the Coentrastizng Offiser (See »nr. e7.

ant 08).

_ Bash of Wese seatrasts seatainsthe vsual tetal reimbursemsat limte
tatisas. FeiWhor sentruet st present eontains & supplomens %o oliminate
Pessidility of prefis om everhsad, ner de they previde for a speeisl ems
ployees® bemsfit fund, Patens provisiens in these centrasts give the
Government the right te ke ¥itle %o all patentedle items,

¢ Aduinigtration of the Centrects. - During Dessmber 19,

pevsennel at Purdue University were shifted to T-12 predlems se that by

1 Jameary 1945 a1l Seehmisal and administrasive swpervision of Shis werk
ws uder the Yo1f Operations Offiser, PRersemnel ot Jolma Hepkinms Unie
versivy were shifted during uo.lva. 194k and Jeuary 1945 4o Y-12 preve
lems, se tat by 15 Februry 1945 eontrel of researeh there was slse the
respensidility of the Yel2 Operaticns 0fficey, |

—EERET
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2.6, Zastman Kndak Rechestery Ladevatery. - One leberatery of Whe

hli-i Kedak Cerperation as Roshester wms rented by the Temmsasees Rasd-
mea Oerpovation em T80 Purehage Order Ne. 8-l315, for piled plant studies
between April and August 19l3. These studise insluded chemiecal eharge
material prepuration and reeevery of wranium from preeess selutieas,
This pilqt plﬁt ws elosed in Septemder 15i3 wvhen the las$ of iits
persomel were tramferved %o Y-12, ' |

2.7, PFaeilities as the University of Califermis,

a» Enisting ad Starts of Comtrae¥, « On 1 Nay 1943, the efe

fostive date of e eoatrast, most of the astivities of the Badiatiem

laberatery were deing umu on im ﬁo 8.3-aeve area swreunding e
18-ineh GpMm Building twe -uu frem the University Campus ot
Berkeley (See App. BR). Nessareh ms alse being deme en the Berkeley
sampus proper at Davis (The University of Califernis Seheel of A;rln
sulture), Tom different buildings were being used ot thees twe sites,
The Gyeletrem Building, eemter of physies researsh and testing, Mad

R greuwnd floer ares of 21,000 feet (30e Appe A3 ead B32), m L

ths huge 18 -ineh magnet, 1% houses the OM mgaet and umnx

spesial -AM« shepse Therve are alse offices, & csuference yeem,

s obuuu and & first-aid reom in this bmilding. -
e main lsteratery mekine shep in the 18jeineh area was placed

in the same duilding with the pre jestts receiving and stores departuemt

(8”'1"0 OR In this building, there was an mssemdly chep, sheet motal

shop, patiera shep, electrenics semstrustien shep, and an elestreniss res

seareh nhonhﬁ. The tetal floer area was over 16,000 square feed. A

fow speaial Yeols were installed for fabrisatinsg the eemplex graphite parts

required in the maes lpioiﬂ"nph.
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A new laberatery and effiee bailding % the west of Ahe Cysletrea
Building (Lab. Anmex) was nearing eompletion. IS was of tumpersry oeme
strutien vith 16,000 square feet of fleor area.

On she mnin Berkeley campus the 014 Radiation lLaberatvery was being
used entirely for olmu researsh: The JT-inek sysletron mage
Aot with shich Lawrense prodused his fired sigaifiears ssmples of U-235
s losated heres Alse losated in ﬁh'cld ,u»«_unu- mmm hilde
ing gl‘ . ntlhn shep, & glass«Nowing -lip, - ppoﬁu researsh Aln-»

" oratery and 4 ¢hemistry manurr.

Othey hﬂ‘hu taken over for Vs m’oﬁ on tho lnkdq uqu
were Lo Ceute Hall (Mysics Building), Dezner laderetery (mmx-nmm),
Durant M1l (Administration Gffices of Goverament Patent Gyeup, S%ene &
Wobsber, Westingheuse, Oeneral NMestrie, and Tennessee Bastann), and
Greskey huﬁbry (for rediatien tests with 60-insk eyeletrem).

The mjut had four additional chemistyy hbcumiu in the new
Dventstry mnm at Davis, | - "

bo Now Pasilities Jenstructed (See Nup. App « 312). © ALl new
senstrustion wms dane in the 18 -ineh magaet ares, These mmxm.
of Semperary «umun, are shows em e -np. and inoclude & large
nchlu shop; o uunum-, . -m, & ptitou cby, eirpender
shop, prind shep and emaller mildings. '

28, Moilivies at 0ther Sites,

& Brewa University. « The Brows University work s carried
out on ome ﬂaor of a medern laderatery building kmewn as Métodt laderas
tory. Neme of the Duilding facilitiew Wéve eenstrusted by ihe Distrist.

S
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Y Jehas Un sity, » m fires floer of She sast

wing of ‘he Chemistry Duilding (Dmmsen Hall) and parts of the basemmnt
wnder his wing, have besn deveted to the prejeet mrk, Ne new fuasilis
ties were ceustmusted e the saspus, altheugh Bemson Hall 1;lo,lf e ale
tered sensideradly in %he area where 'lfo;hot work was carried ondy
o ¢ .-lnt-ttuqigm—mmuh

the m- chcni.nn Bailding are availabdle for m:m m, h msuu
h one -amtm hhn“q. *we mmall my hbouhthl, nse d’
a --Mao -hnp, and offiee -pao; The lecametive khniory, an old
hnding aear tho omum Building, has bo- Femodeled for nmrm
works IS eemdains a ,un plet for nmhohg uﬂlh l'uuum lu'h
man nniul m«uu - & il udt.

2-9- Gn'u g !nmol. - The um o nm vluuh are availe
able are somevhet .ntmny chosen, In & plant cul .s hat of Y-ll,
where \here was 110tle eppertunily for development work o piled plant
studies defere o r-u-uua' industrisl plms wms dosigned, it is ut
pessidle 45 state where researeh euds and lwu-‘ plui pmuu mhu
Research costs.are defined as the cests of -11 suteide researsh ecatruss
tors plus the esst of Wi Mesearsh and Developmert Divisism of Temnessee
Bastasn Oerperadiem. | | |

e fellewing list Wbulates these eestsy
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2-11. 3afety. « The Distriet Safety Ofriee wrking hreugh Ares
Engineers and Gontracting Offisers has beem respensidle for inmsurismg
safe eperating prastiss at all researeh iﬁmluﬂm of the Pistrist,
and for keeping recends of all ncoidemte. ‘A digouwmsion of ﬂt Beseareh
Safety Program will be fowd in Book I, Velums 11 of the Manatten Dise
sriet Hstory; B |
Nany of the safety hasards mnnnd at UONL were \niqn % the
| olsstremagastie m of productisn. Fer instanes, e pewerful mage
nete sush as that pletured in Appendis A2, enwsed w-m sseidentss
Aumwm-muwtm is n.hmd a-nuuﬂl‘ll-
self in dngn of bom erushed by & heavy pnh truk which Iad
been left within the area of intemse mgnetis attrattion and was relling
uncontrelled te the magnet 1%eel?, Oporaters had %o be careful when Vhey
had metal dools in slwir hamds mr &..m“' The magnets nhmi
seme matal edjests with emsugh fores o give & maxm & peinful Mall if he
is helding $ightly % the metal edjeet.
& safety engineer was ot first aseigaed te the Ares Engineer's Offies
At Berkeley, Califernia, to assist in redusing hasards \here; The aceident
incidense Wheye decamd 5o low Whiat he was given ether asaipmente;
Brows, Purive and Jeins Nep#ine University researeh areas are is-
spested msuminy by representasives of the Distriet Safety Seetiems
- ALl rnm staffe submits monthly uf.ty reperts whieh list hj\u'-
ies and un lest,
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SEOTION 3 - PRYSIOAL RESRARCK

3-1. Gemeral Dessyiption and Histery, - Physieal feseareh, e

met extonsive of all the resesrsh work, deals with the dseign and eperan

tion of the mss speetregraph, The funetiem of Whe mass spestregreph
is soparation of the desired U235 isetepe frem V=238, l)il'o mest of
Wis researeh was performed at UOM., sems phases were studied ad Y-12,
(e f1ow diagran 1a Agpendix 310 will assist the reader ia viswalistag
the purpese ot Whe studies deserided in this sestion).

a‘g‘ Alphae I Squipment.e By 1 Ney 1943, mborial ecnsisting
of 9,08 V.35 and 91% U258 (Ses App. D13) was deing preduced in the
upm-uzn mguets at University of Oaliferais (See Apps AR)
vith a unm md colloster mit desigaed similar Yo these lster used
at m T-12 plaxt in Alphs I or "first stage® precess, The predliém
of -nng ﬁh seuree and eollestor & smecthly eporating muu
wmis n-M % b selved, Intemsive offors was made 4o n-nq she
mechentonl asd eleetrisal diffieulties (deserided in dotall in pave
3-2 e 3-5) in order %o rednce less of eperating tims, and 4o inerease
Purily and quantity of predusts A% this sams time, sad unti) Jemuary

i9kh, persenne) wore trained in the sperantien of this XA megnet se \has

they oould operate the Y.12 plents Ny Jemuary 19hli, wivs of the Alpha
I Sype ia the lﬂk—fui Iaberatery at California were produeing at o
23 higher rate than ia May 1943, and the esncentratien of Uu235 prew
dueed bad insrensed 4o adeud 13% (See Apy. B1).

w « Considevation had been given, prieor W
1 May 19,3, to the predlems of ebiaining almess pwe U.235 by meane of
) iuonl stage (Deta) precess whisk wuld use enriched Alpha produst
saterial sonverted e 001, as ocharge (See App. DI6). These studies

S £ [ REFANCEASS)
3. NUC ’NF%ORNM‘,AF}?&‘EQ

T e N L Vel AR e




raised speeial predlems of mechanisal and olestrical dosign. Seuree
uup' pretlams were sarrisd out at University of ldtﬂﬁh ll_tu
3 May 1943. After this dase the stwdies wre eemtinued ad T-18
(See App. B1). Thece stuiies are mere fully deserided im Velwme 6
sine® they were & funstien of the sperating m&uﬁu‘.

cy Alphs IY, - Stadies were made of an impreved Wype fires
stage wais (Alpba X1} alse prier % 1 Ney g3, Tais wnit -u"u-:uu
%6 ebvain meie seuress (fear inaeed of Yws) aad higher preduetion
capaeity Shan Ao Alpia I witts, Wik eomparable weasemtratien of Vo233
(3ee app. A&m A7)« Seversl prelisivary desigus cf. Alpha 12 wite
wore nady, “ that aetual testing of Ahe pland wnit d1d net Vegin wneil
the Fall of 191.;. An imprevemsnt progyam for these wnite M-tn
Bovenber 19k Sussess of Whis progrmn 1o indieated by the faet thas,
in Novenbor 194,35, the Alpha IT equipmens was predacing materisl 7.5%
V-235, With eomsideredle 1ost 4inme besause of meshanieal snd olestrisal
diffiuition, Wloves menths later, 4he squipment was produeing matorial
of 126 sexsentration &b sbout 50% greater rate (See App. 1), 1In
Osteber 19kh, 1% became evident tiad eharge materisal exrieded in V-235
by e diffusion preceds weuld be available fer we in Alphs II plants
(See Apps D1). A pregres m bogun a® Berkeley e design and test special
linerse for the speetrograph % prevent less of this mariched snd expene
sive mierial, This desigh was suseessfully semploted by Pedwuary 1945
(See ipy. D18). -

‘& Insressed Preduetion, « In Juns 19, & pregram was under-
taken at UKL be inerease ewtpus of the Alpha I plask by deubling the
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the zumbey of ilem sources, Shertly afterwrd, the same pregram was
started is Alpha IX, This werk 1o knewn as the "samversion pregrea®,
and had fer i8s purpese Ve Qonm of fyom twe seurees Ve feur
seurees im Alpha I sud the inerease .ot fnu four seuress te eight seur-
eos in Alpha II, By Jume 1945, sussessful units had bih minﬂ.ng, ale
theugh an inprovenm$ muu was uuunnﬁg ss of the date of tb Alpha
shut down, 15 August 15k5e

o Alpha III, - This pregran was purseed ot ucn *w hnn
mquh pm frem the Elestromaguetie Frecess even if thw au |
Wﬁlm lei failed, The highly --pn«m nph III uut. h-u |
sigued with eighteen seuress and eightesn eellestors, had sbeus five
_times the produstion eapaeity of the uph-'x unie '("!o‘o Aﬁo n19).,
fhe Alpha IIT design wes tested and femnd prectieals It was never
wsed because of 5he suscess of the nzfmu- Flaatge

o Fusismeutal Ressarehs « Sems fundamsntal research at .
vonk dmomhg Ml&mnﬂ of new ion seurces (substivute K's) end
. the p'o;ﬂbi_uv‘ of separating isotepes by a radio tnqﬁw’wt
‘possidly lead W0 redicel imprevemtmts in proeesss It was feund thad
Ahrough She change in ¥he ferm of Whe K filaments’ thers night be an
inorease in effeetive lonisatien, IS was alse thought that s speeisl
ion seuree might be devised %S¢ take the place of the hot filamm$é
in tle X ma\lbl;y along the . prineiple as the Philips iom gawge,
1,04 & eold seures, high petential lomisatics ix the J ehamber,

A seeond major preblem sencerned itself with an indused redie

frequeney atvumed %o that of ¥he loms of the U235, the waje lemgth
of whieh aurprf‘i'm that of U238,
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o Mognet and Tank Equipment,
a. MNodel Studies. - Designs fer the magnets and preesss

equipment for Alpha I, Alpia II and Beta were drawm up prior ¢ 1

May 1943, In the case of emsh ﬁui, performmmee Lests wore unhd“
out on pretotypes or scaled models, Special metheds hed %o be devised
for sensitive measurement of magnetis fields se that deviatiens of the
erder of 1,15 in himogeneily of the fialds ceuld be detested, Tris
messurensat was @hﬂ"‘y mn-ﬁu vith the emll models (See Apy.
220 and DR1). In spite of the serieus everhesting of the small evere
loaded magnet: «nl whieh did not ponh mere than & fow mnu coms
tinueus ,q{m_ilel, the duip of the Alpha I and Beta medels was proved
prastisal by 1 Nay 1945 (See Appe B1). Tests ni'o alse made on & mede}
Alpha II wait (See App. AS)e later vhax 1 May 1943, amother medel
AlphaIl uni® underwent testa and gave exvellest performnse, The finel
. desiga allows f‘or magnetis £161d reughly 358 higher tham in the early
Alpha IT design (See Apps D22),

e Shin Bquipmens. - Ingn‘ﬂo irregularities in the preeess
bank have considerable effect on the produshion rate of a wnis, The
Laboratery at Galifernia studied these effects, and attempted in &
large measure % serrecd them ¥hreugh use of “magnedie lluu" (ioo Appe
D23 and D2}), "Magnede shims” are oarefully formed sestions of irom
 whtoh are rnmt ts the sides of a proeess tank (3ee A". A8). l'by
~are attached in swk a way as te edange the pﬂuofm fons % inerease
Wheir useful anguler mgo a8 they leave She scurse,

[ 8 eial o88s = Three small magnots were eomstrucded
so that .,«m problems could be swdied in the laberatery wibheu
loss of eperating time on the main megnets.
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8 General ~ The aim of "seurve” ressarer was o develop
aa fon emitber unit giving as high a predustisa rase as possidle
vhioh would eporate smeethly over & leng peried. Unite with the mest

,muhg performance were carefully investigated and refined Vefere

being adepted as plant designe, As indication of Vho compl mity of
. pmt-t"o wais s chewn in Appemdix A, whish shews Alphe I sad
Alpha IT wnite, |

W Seventyetwe difterent "sourve® wnite
0re dosigned and Vested et c.ufmh. Au sourees feoll inte eme
of m gessral elasses, "het" or 'pulﬂn"l and "seld" or "grewded”’,

- The "hed™ dype is mainteined ad high pesitive veltage while the "eeld”

A7pe 1s ab growd petential. Thase tue Wypes require sensideradly dife
forent auxiliary m;bu and olestrienl oquipment aad m.nQ easily
interehangeds It is net presible to disems the charastoristies o
these vapious types witheud Mummwumu’uum
of tais velwme (See App. D2Y and DOE),

[ nuge Frobliems, « Trenblosens medhanisal and eleetrical

~diffisultios were encountered sush as elestrical shors oireuite,

warping of parts, nelting or weakening of parts bWy eleetrieal diseharge,
and less of powr Shrough dissharges, hmcﬁ«c parts had %0 Do res
dosicned and more euitable materials mﬁ§ % solve or lessem the
41f0isultion, The design of the ssuree fs semplisated by the fued that
1¢ must lmlph 8 large amount of pewer: Thia pewer is due % ¢ ree
quired hesting for Whe subliming of the shavge materisl (uranium tetrae
chleride), %o Whe pover in e leaising are, and %o the hi;h vellages

m“wlphwpmmiﬂmw
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3¢ this pewer is ned preperly dissipated, parts wmarp ‘% uselessnese,

and $he equipment is sericusly damged. Pewer in elestrieal diseharges
16 semetines great onough o malt and sputter metal parte and te eraek t}
and fuse insulaters. The high veltage insulater preblem has been soricws '
A Wereuch searsh has been mads 4o find the best insuleticn material to |
withstand these severe seaditiens, The iasulater predlem has had espe~
olally high prievity in the develepmeat of peeitive \ype seurces.

Sefere & wnit was finelly adepted, it was nesessary be simplify 1% a9

maoh ds pessidle s What neu-teshuical eperaters would be able %o eperate

e wmis,

6. Oemeral. = ™e aim of the ‘o;llnia;' (“ satehes
%he separated material) design has been te preduse a unit whish eellests
e lapge fraoction of U-235 ieme iz e ccupartmemt of the eellecter and
o U238 leus) ancthor cempartnent, Sems eemsideratien alse had 40 be
given % desigping o cellester from whish the produst seuld bs remeved
sssily, As idea of the smewnt of development werk earried o\'n at Derkeloy .
oan bo gained by neting What 117 differens Wypes wire investigated, ’
This nuber dees aet indieate the large mumber of medifisations mde:
in She weshemieal and elestrical equipmemd before uinmuiy sslleetors
were ebtained (See App. D1). '
| b Cellester Types. - There have beea tws goneral major
slassifications of Cyjn of collesters studied a¢ Derkeley; the ome=
poeked and e twe-pesket types. The cus-posket cellester was designed

for use ia Alpha I and Alpha IX where the impoverished material is nes

resovered, The twe-pesket colleeter wmas designed for Peta units, ihon'
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the charge materisl used is alreedy enriched in V=235, All Beta charge
mterial whish doos 1ot reash the ¢elleeter nuat be resevered frem the
ak becsuse of its value, The heavy cempencat is almests pure V-238
and {4 mme® do ullnﬁd separately % sveid diluiien of the wmesllested,
enyished mterial whish is reeyeled, Hemes, the Bota esllesters dave
W pockete (Ses App. D1),

¢e Dosign Prediems.- Design of sellceters (See App. D27)
has seant detormining 425 Dest pessidie slet shapé in freat of the
posket (800 App. A7) %o receive s maximm savwat of V-235 preduet,
Becides Wiis requiremsut, the csllestor Mad te retaia saterial eellested.
In eperution 8 large amaunt of power 13 deliversd %o the eellester
by inseming fems (rewghly 20 KW for Alpha 1X), As in the sewres,
Wis erestes the twin preblens of warpage anéd xolting of waterial,
ond rosul ting shers oirenites. To swreome this diffisully required
finding and veing the nest suitadle maderiale. Graphite has beem
the nest widely weed material te pretess insulators and _..nm pris
% dats. Fellowing sa extensive series of meAsurenents %0 aseerwain
e dest sled shepe, satisfectory ‘dﬂlkln have doen fouwnd for Alpha I
and Alpha IT and Botn slets.  Sems reseayeh has been sarried out
o "swp® Wype sellester. The "sump® 18 designed o slew down e ine
soming ions with ¢ retandiing nnlp‘nl does net requirve the use of
magretie shing, The “sump® celleater camnes yoo sempete with the sone
ventismal type celleoter besause 14 dooe 2ot eolleet & large esovgh
frastien of \he dosired isetepe. Collesters have alse deen desigmed
whiod used elestris shims indtead of magaetie shime (ln}pp. pRs),
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This pregran was drepped Gesause of the high mterial lesses and
many nechanieal diffisulties. '

35e _lluiﬂul Centrel Rguipmente

G ____g’ o The studies and operatien of the mass speeive~
gnph required She design of elestrical onml equipment %o mt d0e
mands. These desiga predlems fall inte feur bread elassifienticnss
(1) nighoveltnge, high pewsr resiifier systems with auxiliary eemtrel
equipment (2) spesial elestremic deviees for variow experimsuntal
prograns (3) high-precisien regilatiss of pewsr supply systoms (h)
.-irox deviess for eortain Wypes of high-veliage mn"mi‘m
due %0 the eharaster of Ahe sepsration presesss The elestrisal equips
2004 noesesary for eperation of ths racetrasks ineludes marmed m
supply snd oentrel (3ee Apps D39), power supplies for ares and for heate
ing the eharge scatainers in She seuree, high veltage reetifiers snd
regulaters for the im ascelerating systsm and auziliary metering and
sontrol equipmeats (See App, D3O, DI1). -

Ve Desigs Predlems, - The corly high-veltage reetifier
. umite were desigued to supply eurrents of abeus 0,75 supe &t veltages
appreseking L0 kilevelts, h«nﬂy designed mtiﬂor wmits are
sapable of supplying 6,0 superes ss veltages in exeess of 50 kilevelds,
These requirensats n.n far above these emoundered in radie breadsanst
and siniler higheveltage powsr spplications snd have required extem-
sive studies of the various reetifiey systems and tubes whish might
be wmplayed fer Ahis servise. Spesisl tube types have boen develeped.
I & ﬁumsu. %o nete $int the maximes permissidle variatiom in
‘ | the value of the higheveltage -ppuwh&SGlF!EQ '
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s 0.L% of the aversge veltages 3Sush preeise regulation ef large
amsunts of pewer ot high voltages has required mush eugineering effert,
Appendix A8 shews typiesl higheveltnge equipmens, The msgnet for an
Alpha II half Srsek 1o supplied by twe generaters drives by a single
moter. The direet surrens, thus predweed, 19 at the rase of 3000 KW,
or at 600 velts and 5000 snpss Az oleetrisel engineering department
was estadlished primsrily e preduce ﬂn oln% wu and equipe
mont designs necessary % the dasle recsarsh pregram at the Nediatien
Laberstery, This growp leter seted in an advisery sapseity %o Stene
ond Febgter Buginsering Corperation on the constywetion of Yoif,

3-6. Yoavwm System, " _

8 Gemeral, - Procese mmh,mnﬁdym
the pressure within 2 tank is olese %0 an ade0lute vesuwn (0.00001
mlmﬁn of moreury). fThis high veeuum is necesesry Vo prevent |
seavtering of the aseelerated lous éus te eollisien with gas melesulss,
and %o aveid breckdvmm of the high veltage. The veowum must b mine
tined in spite of t2e mﬁh@ cemeration of gases during the opores
tion of the unid, LlLarge 4iffusioca pumpe dacked by weehanienl Fenge
sre required to ‘)nh” and maintain the degree of evisuation ot whieh |
the tanks eperate wost sussessfully. ¥e veswum pumpe espable §f |
operating &% sush high puping -p«dl and low pressures were cemmere
olally in use ia any ether precess. | |
be Py Investigatiens. - Comparative tests were ran with
puspe up %0 3R inehee iu dismeter designed by several sentrusters in
19Ul (See App. D32). Alnee that time Distillation Preduste Company |
wdor Contrees W-7107-eng-155, hae m:lmsm e X L)
fomu_y %o any previeusly desi GI-EA wth
| "Fie |
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SquAre oress-scstiony, fer -n.v’uudo SpRee Arrangément are new
in pregress. lcﬁ of the pumping equipment develsped at Berkeley
s shom i Appendin A9, |

e Instrumentes = Apert from the onphasis on develoyment
of pumping equizmeas; researeh hMas deon directed % develeping suite |
able pressure measuring uvhu for use h She precess tank amd un-
' neeting 1ines. A ngwetype instrumsnt has been iuveated (lanis) fer
indisating the individual cempenents of the residwal gus (00 Apg;.. i”)-
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SICTION I » CHEMICAL NESRAKCH

Lel. General Deseripsiom and History. _
8 Seepe, « Chemieal Researeh desls with the preparatica

of eharge maderial for the mass speetrograph, remeval of uuih-
from the speetrograph sfter a rum, recevery of urenium from wash
selutions and miseellaneeus solids, recevery of enriehed material
and preperation of final preduet, amalysis of selutions and assay
of uranium, and investigatiens inte the safé¥yLifiirds invelved in
osoh of these operatiens: (Fer help in understanding the applie
sations ef 4he researeh predlems see Flew Disgram Appendix M)av

| b, - Meseareh Oreups. - As stated earlier (See Ses, 1),
the Temnessee Eastman Corporation starved a researsh group a$ Derke~
ley in February 1543, and enether group s Bsshester im April 15i3s
In Nay 1943, there ﬁn three organisatiems oonluouu reseayeh om
the ohuio_c; prodblems of the Bleetromagnetie precess, These greups
were the University of California Redission Laberatery (UCRL), Teme
nesses Bastman Corperation and Brewm Uniwersity.

¢s Information Available, - There was omtdoﬁblp ine

formtion availedle im Mpy 1943, related %o the ehemical prediems of
the elestromagnetie precess. HNowever, there were alse numerous pree
blens ¢ be solved b«oro. he laberatery scale chemistry of Berkeley '
sould be transferred inbe the full-seals plaad deing bwils at Oak |
Mdge (See App, Dii). The state of the shemisal researeh was advansed
far enough te permit ‘romu« Bastman Gerporation te prepare n&-
sheets for bdoth Alpha and Beta produetion (3ee App, MO and DJI;);
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The essential features of the reeevery prouuoi used a$ Y-12 are
sontained in these flow sheets. |

The prineipal research problem during the middle of 1%5/ s
the pndunhi of satisfastory sharge mterial, Twe methods, vaper
phases (VORL) and 1iquid phasee (Brows Usiversity) existed. Both
processes had serious disadvantages for quantity predustiom. m

Tennesoee

1iquid4 phase process was ltudm in the, Eastms m piles phni
as Reshester (See App. D”)o ‘
~ leR. Preparatiens of Charge Materisl.

'm_‘_. - Iimnl materials were tested blfm‘!.tv wag
doeided that urniu mm« was the -ﬁg sasisfastery (ln
Appendix C1). In December 1948 the sompound nuﬂh.leem (ve1g) wme
dlseovered at Derkeley. This eempound seomed o Reld pessibilities
for use as & eharge material but by Jme 15L3 1% vas 2o lenger bu-i.
seriously eensidered Decause of its laek of wmiferm nmiuﬁu h
vasuum and t%he ineldens diffisuldy h mintaining umiferm npor ’hnc
~ pressure from the eharge, Other uraniwm salts sueh as uranium wis

bromide (Ulj) » arenium Srisiedide (UI;).m'nmLu trichleride
Qm.,), wore tested for use as late as Septenber 1943, (See Appendix
D37). These sompeunds were found %¢ be less satisfactery thas the
tetrashleride because of their greater difficulty in preparation and
their laek of stability in preesss, (See Appendix D37).
be Totrashleride Stulies. < Many methods of predusing

uranium umohum existed by September 1942 (3ee App. €1),
However, the problem of preduwsing quantities of Wlk_u s sadise
fastory charge material was subjees %o consentrated studies during
1943 and has been a scuree of study and researeh up % the preseas
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date, 31 December 13948, The vapor phase method, studied extensively
at Berkeley, produced only mll quantities of Ucl The liquid
phase method, originated 1- nrovm Univeraity, prodused ample gquantity

"of UCly per run dut generated an extremely toxis gas (Phosgens)

under pressure. (See Appe C9 = 13-16), Both methods are subjeot te _
preparational difficulties (See App. C9). Research contimmed a$
Berkeley during 1944, on preparation of 001" to improve upon the proe
duotion methods 'hioh were put into the plant, (See App. DSS).
Researech has alse continued by TEC ats Y-12 on the nqx{u phase method,
the vapor phase method and, more recently, on the possibdility of uling.
hexachlorpropylens in a liquid phiu propnntion.ot' ﬁi‘a (See App. .
Dé4l)e This method of preparation shows promise ot simplifying the
mmry process -ni oliminating certain hasards peculiar te the

preparation of the charge material. _
o, Othery Studies, = In the early months of 1948, the pro=

blem of produeing Ucl‘ without a toxie [ brproduab (beocause of
1 death Ji‘ 1948) ws studied dy Purdus University and the TEC Research
Department (See Appendix D39 & 40)+ In Karch 1945 the TEC Research
Department discovered a liquid phase method whioh seemed %o have some
advantages over the then existing methods., This was the hexashloroe
propylens method (See App. D4l)e Brief stulies were made at Johns
Bopkins University during the first half of 1948 to help determine

the physical characteristics of U01, made by different methods. (See
Appe DAZ), This information s importamt deceuse some Ucl,, dus to

wide wariation in temperatures required for vaporisation, does not work
23 well as other U0l ot 1B the mass spectrographs This varistion was

found to be due to --11 amounts of impurities and ponibly difference
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in orystal sise. During this same period fundamental research was

carried on at Berkeley to determine properties of uranium halides

(See App. D43).

 4=8, xo«w% and Hefinemens of Uranium Salts from Mass
Q oy 4 »

a. Generale. - In cash mass spectrograph, approximately
90% of the UClq material charged does not reach the reseiver, bu
is splattered in varying amounts over the souree and other parts of ,
the maohine. It was sarly realised that recovery of this material,
espeoially in the Beta tanks, was en important problem (See App. C§
rp 16 & 11' and Book ,'. Voles 8, pe 3.22). This paragraph deals with
the methods used to resover these salts from the machine in a solution
or solid which would be re-processed o prepare charge material (See
Appe D44 and D48S).

b, Recovery from Alpha Beceivers. = In Alpha, the recovery

from the receivers was the only recovery prodlem considered at length,

sinoce all the material splattered about the machine was normal urane

fus, and oould be replaced easily, Recovery of the enriched material
contained in the Alpha receivers turned out to be more of a prodlem

than was originally expsoted. The receivers were made of stainless
steel. Early recovery studies made om the 37-inch oyolotrom at UCRL
indicated that all enriched material could be removed by an aoid, miey
and steam spray washe However, whem the Alpha spectrographs atarted
operating late in 1943, there was an unexplained loss of 50X at the re-
ceiver. It was suspected thas this "loss® was caused dy lons penetrating
into the stainless steel since this material could not be recoversd by a
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ii.qh aeid wash of the reeeiver, The preblem was solved by eopper
plasing the receivers sinee¢ copper disselved readily im aa aeid
wash and eenttined the uranium whish formerly wuld have penetrated
fate the less soluble stainless sbesl, This eopper plate had %o be
replased after sach wshing, '
0. Regovery frem Bets Tanks, - In Beta, as noted abeve,

1% was necessary te "‘ﬁ“ all of the uranium eharged. MNere olad-
erate metheds of reccvery were employeds (See App. 09 pp. 18-19).
A novel methed of detesting wranium losses inside the Sota maching
was developed at WML during the middle of 19h3. Madscaetive wremiwm 237+
(U-237) was prepared by irradisting \be uswsl alarge material (See '
Appe Nﬂh The wi‘of urasium lest in eertain parts of $he lpn- »
tregraph seuld them be readily determined dy the radiosetivily, with
the U237 gerving as sa indicater, of thad part ia questien by the wse
of & eounter. (Se Apps DiS)s Dy December 1943, mearly all resevery
studles wers Deing oarried om by TEC ot the site of Fel2, and this
resevery becams an operetien predlen, INeseareh st i’-lt, on remeval
of uranium fvom the speetrographs, has ineluded & seareh for pretess
4ive soatings, % be used st peints ingide the Beta -iohho whore &
high sonsentrtion of urenium impinges ex the liner of the machine (See
Appe DIP), and wse of sediwm with the oharge material, %o sembine with
all the free ehlerins end réduse serresies of the machine (Sse App. Bul).

lymise'| Rasevery of Ursntum frem Selutisns, |

8e Gemeral, - A% first i% was delieved thats the material

splattered inside the mass umw Righ$ be sussessfully removed
dry. (See\App. 01). EHowever, trial runs made on the n;m
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oysletrom ab Berkeley in Nevember 1948, indicated that at least some
parts of the equipment sheuld be washed with hod ntor- uuq/ci d1lute
aeids te remove all of the uraaius (See App. D50). Precssses fer
the guantitative mvnq of wraniun frem the wash selutions were
m&ﬂqﬁﬁhti’n. and sinee Shea Rave been me of the mest ex-
haustively studied of all the ehemical problems. By Mareh 1943, seve
oral purifisation precesses for Beta iolntim had deen u_unﬁi.
snd . pilet plant wae imstalled ot Berkeley for atudying them (See
App. i!l). As in \he case of matheds of oleaning the spestregraph,
pilet plant studies regarding recevery of Mm from selutions were
eencerned chiefly with Beta predlems. By July 1543, \hree Betwa re-
sovery precesses wore being studied ia pilet plants, twe presesses
ot Borkeley (See App. D36} and ene at Roshester (See App. D52). The
Alpha resevery precess ws designed by Temneisee Bestuan Gorperation
(8ee apps D53). o -
| % Dot Studlies, - A precess Knows as the sxalate nethed
for vescvery of urmnium and preduetion of ohtmniuw hr‘ Beta
was ovelved by UORL in July 1943 (See 4pps DSh)e It was desided, |
a% & meoting held the secend week of Goteber 1943, te install fasile
i%ies for Shis presess end for cas knewm as the prum proeess be-
ing sensidered Dy TBG, sines dotk the oxalate preesss snd the per-
exide preesss apparently gave satisfaotery resevery., (See App. DS5),
Beta Pilot Plant studiee b Y-12 began in Desemder 1943 and have sou~
Sinued te the present mo.i’nm-bor;f, 19lb. An operational dif-

fleulty in eemvertiag the wranium e the uranesus form with the elees

trolytie ecll prevented the UGHL or exalase wethod from Ve
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used as the plans reeovery system. The peroxide method was ia-
itially handicapped by having toe mush cepper interferemee in
machine wash salutions, Due te this diffisulty am ether extrae-
tiom method was used during a shors imterim while further imprevee
amts were Yeing made on the perexide methed whioh later besame

known as the Larsem or Cold Perexide precess. This peronide method

has centinued te be satisfastorily wsed until the present date,

Desember 3%, 19U,
se Miscellaneeus mﬁ. o Considerable researeh

work has been dene te deteymine the best methods of redusing the
uranium eontent of dilute splutions from whiek the bulk of the
uranium hag been removed by preeipitation. Browm University dise
severed am erganis selvent which aould de used te extraet uraniwm
selessively fyom selutions sentaining culy a few parts pu‘ aillien
(See Agpe D56), Jokus Hepkins University stuiied the effiessy of

~ se=preeipitating urenium with lime te reduse the soneentration of

urunium in certain effiuents (See App. D57)¢ ZHeeovery studies have
been made by the Tennesses Bustman Gerperatios researeh mﬂ"i‘ﬁfﬁ
December 10Lke An extraetion celumn with & retating elemen$ inside
wag develeped by VBRZ (io‘o App. D58)e I% ia known ¢ @ "spianer®
columa, and 1% has possidilities of beimg far mere effieient tham
the standard coumder-eurrent flow selumus now in ﬁn.

LS, lucn!z‘ of Uranium frem Solfdse - The walae of the eme
riehed -forhl is such that utmost attempts ave made to resever 1%
from all the miscellaneous selids centaminated with 14, These selids

inelude the graphite elestredes “‘LW"" used in the mase
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spestrograph, filter pn.por and spenges used in the laberatories and
veildings, the uniferms and shoes of plant werkers, and in some sases,
the surfese of floors on whish materisl has beem spilled,

Noss of these resevery studies have been made Dy the Tennessee
Bagtuan Corperation. Pardue University and Johns Hepkine University
have eemsidorsd Whe predlem of remeval of ursnium from graphite (See
App, DS5T). This mberial contains as high as 26 by weight wranimm
when 1% 1s remeved from the speotregraph. Resevery of the wraniem
frem the graphite u moss 4iffisuls desause of the qqlu naturs of
the graphite. Aa entirely satisfaetery nﬁmry sohems %o remeve

uranium from grephise has net been mlv“.

lebs Eescvery and Preparatisn of Finsl Predusts ~ The uranium

mberial removed from the reee¢ivers in the Beta speetrographs is the
mos® highly emrished uranium edtained a% Y12, This material ig exe

 tremely valuable, Befere it eanm be shipped 1% must be represessed

inve the desired fRem (wranium totraflusride).
Nest of the researeh wirk insident to the preparasion of the
fisal produst, swh as purifieatien sud grinding ef the VI, sald,
dene oxpressly for the Y-12 phﬂ;n'l ssoempl ighed dy fomun Eagt-
mz Corporation, Browm University has recently dene some researsh
on an impreved method of preparing the finsl salt (3ee App. D5H),
b7, Mm&l and Assay Researed, o
‘e Definitions. - Anslytiocal researeh refers shiefly
to all of the studies made ’to permit the acourate analysis of
samples for the ameun® of urssium in the presence of any of the
otter 92 elemmis offietally inow. Aggpyropmaces has been ggs

| IFIER g
eorned with methods of determining the rﬂu LR """7‘9‘} :
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\inaiu in any sample of the metal or eempeund of the metal.

b, Analysis. - Sinee stuly of analybieal methods feor
uranium is net a predlem peeuliar %o the T«12 plant shere has beem
oonsideradle imterehange of w between Y-12 and other Mane
hastan plants, For this ressen, 1% is diffieuld te traes various
mlyuul'nﬁoﬁ to tsheir original semrce, There are miny metheds
of determining uraniwm, Mess of these methods, which are highly teehe
nieal, are 1isted in the OBWaTEO Mamual of Standard Anslytieal Nethods
(See App. DEB). Reeent analytisal researsh lme been dirested at finde
ing rapid, simple mstheds of anslysis fer ursniwm, and alse ad finding
meVheds of dotermining extremely low comsemtratiens of uramimm
 Amalyses empleying fluereseense are rapid and reladively simple. They
wore nﬁdh( jointly at Tormesses Bastumn Corperaticn (See App. D6O) |
and University of Califernis (See App. D61). Other rapid metheds
sush as oolorhu.bh, spestre~-phatenetrie and pelargraphis haye doen
stadiod extensively at Y-12 by hu'unn Bastman Cerperatien, and
have redused the $ims for repid amiyses te approximately tweatly minutes.

| Twe additiensl organie selvemts for ursnium mitrate were disesvered
by Brews University in Jume md July 19kl (3ee App. D6R). Ome of these,
known as "penta ether”, has been used as an analytioal reagent %o ree
‘place highly inflammable diethyl ether, This penta ether extrasts
uranium ui«ttnly with few other elements from very dilute solutiems.

/ 6 Assay. « Assay researeh has deen carried en eoneurrently
with reutine determimatien of plant samples at Y-12. BRsseareh on sssay
methods has alse been earried eut at UCKL for the Y-12 prejess during
19hls and 1945 (See App. A20), The twe Intho.dc, which are used in assay

vork, for deternining the m«n«_;i Shibpras BE Mt
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the referenced reperts, These mothods had been established by
A. O, Nier of Minnesota and athers before lhhy 1943 (See App. D63),
Agsay researeh has deen eencerned with improving the ascuraesy
of the determinatiens, and the speed with whish determinationa oan be
made, It 1s of interest te nete tha¥ samples te be assayed must fived
be sarefully purified. This purifisetien precsdure invelves ecnsiders
sble +ime, and hence has been ome of the subjests of study. A% presemt
the asourasy of the assay laderateries at Temnesses Bastaan Corperatien
is ;ﬂionhd by the fast that these lsberateries are %he enly .n
n);ilo of wmm direstly with the mass ﬁ,@otromph tho (" P
sration of the seavee uranium 235k isetepe. |
| . lyBe Monm of hu-hhod'rnd Material, - In Nevember 154,
1% Decans nesessary te prepare the Y-12 plants fer sreatmens of enrided
material from the gas diffusiom and thermal diffuside plamts, (See
Boek VX and Book II = Vol. 5). Researeh studies were made by the Y-1R
moiuh greup h; Tovenber 19kl (See Apps DEh) to see if satisfuetery |
charge material esould be made from this enrished féed (ursanium hmf!ﬁv
ride), un-h-ary ohirge material was made, later, ;i s apparens
that the gas d1ffusion plant would be able te feed highly emriehed
mterial equivalent te Beta feed, and se extended studies, ineluding
e small piles plant, were degua inm May 1945, mmd have eontinmed 4o
the presens date (See App. D65). These piles plant studies have estade
lisked a satisfaetory plant presess. '
i=9e Medlcal Researsh and Safety Hasard Predlems. - By April 1943,
1% was nearly eertain that the ohemisal prosess used te produce eharge
material weuld have pouomu‘}hngo_u g88 a8 & bdy-produst,
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" Beseareh was begwn at USHL ium April 1943 (See App. D66) h devise an
autematie instrwment whish weuld give the alarm in case bexie somseme
srations of the gas cceurred (adeut ene part per millim). The re-
sorder was eompleted in Nevember 1943, and shipped ¥ Y-12 (See App.
539). -

Gontrel tests, on the hasards of uranium dwst snd denger frem
Z-rays, wore made by & representatsive of UCKL at Y-12 in Desesbor 1943,
(3ee Apps D32). These tests ladisated that neither dust ner Z-rays
-ri 1ikely ts de injurieus during uun eporation,

(See Beok I, Vol, 7. for mere u“i-uu informatien on eperstion
hnuﬁ n'r-u). | |




SEOTION 5 - OROAWISATION AND PERSONNEL
-1, Diswriete  ~SECRET | '
" & Orgemisstiems - The isitial District organisatiem for
Y-12 researsk as set up ia July 19LR, was very flexible and was orga«
nised on & basis of ecoperation snd lisisem between the working groups.
This was partially due Ve 4he faet S2at moss of She wark was being pere
formed under 03ID oontracis. Alss, the dlestremapnetis nmm wag
" ander the direetion of Dr. 5. O, Lavrence whe was best able te plaa
the work whieh Would be of greatest valu te the design J¥bs The Dise
tried lnghn# -.hw elose liaisen threugh officers assigned t» |
oe lnnun-ﬁlu;l,* s the researsh needs were marrewsd, the oenirel
" was a‘;nm; ‘@811, in Nay 1943, direst centracts Between the Dise
triet md t2e researeh groups were offested. Frem that Vime em, She
Distried Bagineor exereised direst eontrel ever all werk Shreugh Ares
Engineers or npnniwum of She !-i! Unis Chief,
. Ney Persemnel, - Colonsl James U, Marshall, the fired Disw
Sriet Bugineer, established liaisen with University of Califemis and
was repsonsidle -fer early inSegrasion of California werk im $he Distrieé
M, 0010&1 Marshall wms aseinted by 001‘01 K¢ Dy Nishols, whe later
besans Dhttsﬁ lngﬁ«r. Celonsl Niehels eontinued %0 integrate the
ressarch work at Usiversity of ‘Gduomh Ahreugh the Y-12 Unit Chief,
" Majer W, B. Kelley, and later Shreugh Iy, Col. J. R hhcffo
The Y-12 Unit Ohief has been represented st the University ef Cali-
feraia by Majer He A. Fidler, Califemis Ares Engineer, and later at
Jotms Hepkine Usiversily, Purdus University and Brewm University by Dr.
‘c. B, Winters and Cap¥, J. D, Ireland.

Sele University of Ongggh.
—~SELRET
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. Gumpesitiem. - The porssmnel of \he Mdiatica Laberatery,
on 1 May 1943, ineluded several of the Wep-rankiag soientists of the
souniry, These were supported Dy & carefully selesved and th
group of theeretioal and experimental physiolsts; ohemists; eleotrieal,
eleotrenies and meshanieal engineers; laderatery and redie §oohhhnn
draftsmen; machinists; end varieue mschaniss. Jany of the greup had
worked on the' elestremaguetie prosess sinse 1ta imseptiem (See App. D1).
Tae grephs u-f."imn 3 (Appe 73) shew Vhe memthly fluevuations in Radie

tion Latersvesy empleyess frem 1 Nay 1943, %o date, The researeh greuy, |

hv the nmn of the m. lnhlu ,muhh, olcahto, noshan isal
nmul oqhnn. -a-u«x dutp mhnn. sloetrieal anp ugi-
um, uunmy Seokaisisns fabeve junier grads), nuu-uy muun-
ters and clumiu esordinaters, The wbls on '*n 3 ;ivn & breake
down inve uxr utnom- d hboutory puml ad qym!.-hly six
monthe hﬂmh. 'iﬁ thi mﬂu of th pononn, u 'm be
mdmtﬂn mum-u greups roumﬁosnpl. luhhuto M
Y «nthnh. inerease besause of spesial predwetien work fov r-u. gll
u,uu- hlghhuc 19h3 of the Alpha I and Alpha Ilomuin proe= |
grane W . o

e Omhnhggao The erganisation has sentinued ¥¢ de
éssentially the same threvghewt the Nanhattan Distriet's administration
of We contreet (Ses Organisetion Ghard, Ayps 35). IS may be noted hat
the Rogente of the University of Galifomis, whe are respensible fer the

sdninistration of the {ustitution, have placed an wauswal degree of
sonfidense in the Director of the Madisvion Leberatery, in We Jeeree
Siry %o e Bugents, and ia e Contracting Offieer of the Gevernmsat.
The Regents have asoepted the responsidilitiss and dbligatiens of these

SEERETL ' | -
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eontrests dﬁou‘i asking fer any diselesurs sf the sudjeet werk.
¢. Assistemce %o Termessee Bastman Covperation-
(1) Assistanse at Berkeley. - Barly in 1943, repree
sentatives of the Tenmsssee Bastamm Corporation _uh.bu“ an offies ad
Berkeley, During the next eight menths & eonsiderabdle nuber of Teane
esses Eastamn persennel visited the hbouhf:. Nhese )oo)h received .
| mm«m for yarieus porieds in the fusdamsmtale of Whe elestromge
nedis pnnu ud in opmﬂo of ﬁ' uprhnhl RAERO§e &h grovy |

of Tenuessee M-n Oomnﬂu anployess 1«» hsd the umnubiuv

of mwm and mnhﬁu the large dedy of hclniohu who were

hired %o operate the Yel2 plants,

| (2) frauster «f taderstery Persensel, « Puring the

summer and fall ef 1943, the Laberatery approved the transfer of mere

than £ifty key spseialists te the Temwesses Enstman Cerperasion payrell

Ve Assish further in 4he orgamization of plant aetivities (ln Apps M)

| ) (3) Assistemee at Y12, - Sime AM 1943, & grewp of

Mdiatien Laberatery porseunc] Mas beem maintained a9 Y-12 %o renier cens
aued assistenee to e eperstions These pi«u have been ¢ uu'ld#
egable nlu h starting susesssive msotraeky, iz impreving eperating
oquipaenty, md in ineressing preduetiens The nusber of UCEL perseaned

has flustmated censiderably, as shews in Figure 7 (See Apps B).
5-3, ZYeumesses Bastman Corporatienm. |
& Barly Ovganisations « The fires separste nﬁunh done
by Tommessee Bastamn Corperation was earried oud at Roshester, New York,
in a space sed aside at the Eastmn Iouk laberatory (See App. Dh). This
group sharted work about 15 April 1943, and had 26 peeple by June 1943,

, 93
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when the staff reached ita peak. During July 1943, persermel bdegan
leaving for the plant site, so thas by the last of August 19.3, the

" Heshester group ne longer existed, During the menth of Octeder 1043,
the Ghodnl Developmemt ladoratery was put ‘m‘” the Chemieal Division
at Y-12 (loo App. Dii) where 1% remsined wmntil 2, Oeteder 19hl; (See App.
D67). On this date Chemicel Develepments became & separate Division of
Tennessee Bastman Jerperation vith 129 exployses,

b Fiesemt Orpmaisaviens « The mmber of members of e
staff of the Hosearch and Dovelopsent Divigion hee inereased stendily
%o 261, whleh was the Wial payrell om 16 Jume 19hS. It is ergamised
Yeme-294S) inte sinm groupe under the Direster of $he Divisiem. Baeh
greup in turs haj a grewp leades (See App. 36).

Suse OVhey Lecatiens. « Orgamisetion eharts for Brows University,
Purdue University and Johns Hepkins Usiversity are given in Appendix 87
threugh 3§, These charts give whe key persommel at esch looatien.

e number of persemel s eack of these plmi is mall, and eonse
quenily She organizadion mey de readily ehanged to fasllitate attack
of problems sssigmed threugh the Y-12 Operations Offisers

5-5. Aduewledgemsntss « The Histery of Y-12 Research would net
be eemplets witheut n-uuuj gmeral ergamizations, othey tinn these
provieusly mentioned, whish have given valuable assistanse te Y-12
witheous formal contract obligatiens, Gomhv notallurgiosl studies were
done at Iswa State Gellege, Navional Buream eof Standards and Nassachusetts
Institute of Teehnolegy. Health Msards of the Y-12 plant have beem cen~
s1deréd as the University of Reshestor. Frem 4ime %o Aime speeisl

| —SECREF
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analytical problems of the Y.12 plant have been gtudied by Dy,

¥. H,
~ Furman,

of Princeton University and Dr. G. J, Reddem, of $he National
, B‘nruu of Standards,

Je5




) [

SECREL
MANHATTAN DISTRIC? HISTOXY
W0K ¥ » BLECTWOMAGNRYIO PROJRCS
VOLUMR 2 - MESEANCH
APPREDIX "A"
FOTOSIAPIS

Deseription

Piate I « The 37 ineh Magnet As Adapted for

ke lummutu Mathed of Separstion

nmn-nnxaumm vmx.axm
Seuth « West

" Plate ¥ - Nain Maching Shep

Plate VI - Main Maohine Shep

Mate VII « Alphe IX Magned Nodeld
Plate VIII - Ingtallation of Miguetis
Shins in Mrecess Tank

Plate IX « Alpha S Unde
Piatve X « Pesivive LJ Seoupes of g
Alphs I2 Wype

Plate X - Gollecter Used With 2<J Soures

Flate XXX - Gollesdor UVsed With L1oJ Seuree

Plote XYIY - Nigh Velta Apment
Plabe XXV -Gn‘erol lo: e

Flate XV - Vaeuum Biffusion Pampe
Plabp VT » Vasuus Diffusicn Pumps

Plate AVII - Chemistyy Asswy labderatery (UORL)
Plate IVIIT « Chemge Vaperisation Researeh




™is is the equipment iz which U-235 ms cqrmc in signifionnd
quandities; The mass spestregraph, or tank,.in the reetengular
bex lying on i%s side Letween the upper and’ 1ower pelo-pileces

of e magast., In the right fereground is the vaswm diffusien
pump, Nete the ebsereatiem windows in ke tank,
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MONTHLY HEPORY « CHEMICAL GROUP
Septeaber-1948

Ls. _Preparation of Iubelloy Halldes,

Work early this month centered prineipally om the tetrabromides v~
Rnoauy. however, i% appears thas the tetrabtwomide is nod as -uu.no as the
reirasiforide.” Turtner work on the hroaide ia therefore iependest on adas ttonad
tests on the hill.V . ’

Taballoy tetrabromide 1s much mere difficuls te prepare thas the

N

tetrachloride, as shows by cur experiense, and as reported ty the Burean of
Standards, ‘
The only method found satisfactory ie seeording to ths reastions

2,05 (o2 2) 8 0 8 Doy —>rEw, & (00'§ COg 4 COBPY) |

i ,  Our expariments (see Figs 1) extended only % abous 800°C. ~The experience of

 the Bireasw of 3tandards is that a satisfastory rate is attsined only a$ 10009G,
A, 800%0, we aade oaly 30-78 zm im 3 hours.~ The Burean at 1000° was prepering
a kilogram ia @ hours. 4 I8 was found essential, ia obtaining a reastive euhoi-
tuballoy oxide mixture, te procesd by adarring s sugar-cxide mixture.. Msrely
mizing cardbom, ovea lamp-blask, with the oxide, gave a chargs reasting very
slowly with bromine.

' A number of izgrq¥ements in the preparation of the tromide have beea

planned, including the possibility of sonversiom of the ohloride to bromidee

If further work on the hill indicstes the tromide is desirable, these will be

sonsinued. v~ | |
oi the propun‘ton of tuballoy 'totra-ohlortdo. much greater progress

has deen made.” 7o now have several methods which osn turm ous & kilogrem o»

’:‘ Thig nt conlaing Informe’izn z7ect ing the Nayonai

D h . ..
\ ¢ianse of the X of the
: 21 2pd 32, Ite transmission ' :

Espionage- Act, UTS.
or the reve any mannsr to an

&
"nauthorized parson s orohiblted by law. Cl ‘ -
. v ooy
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more per rull. Y he prinaipal prodlems in this line a$ presens are: te determine
the most sa¥isfastory materials £or construsting squipment, and to work ous

practical details for regulay produetion, ~'Short summries of the various
netheds are givea below. v~

This alse is sssentially a high temperature reagsion, requiring temperas |
! ) |

tures abdove 800°C, VI alse requires preparation of the charge by charring &’
sngu-od"»&o nixtures 1 The produet, however, is very pure (99 4 %) and separated {

N

from the charge. /On. abor¥ rum using small ampunte gave 1850 g of pruduohf

This method was used by the Buream of Standards snd by the commereial
suppliers VI procesds acocrding te the resotions
Ty0y (op 037 § 3, ax..—.,pmgx‘o' (304 83 4 c0)

' (See Figs 3) | ‘
. As rus by the Bureau of Stendayds, this was oarried ous a$ 1000°C. VOur experie

mi{lt wag alse done a$ :his temperature, s 1% 1s prodeble 1% will go.a% oouuu- ;
ably lower temperatures. “One six-hour rum by this method gave us 1678 grams of
produst, (1400 grans 968 plus) from a 2000 grom charge of Tyl in § hours.—A t'
pringipal aur}uw ‘u the removal of sulphur (or sulphur compounds) from the :

produet,”

The upper temperature limis on this resction is fized by thersal
decomposition of the oarbon tetrachloride to carbom and chlarine as aboud
75093, The reestion apparently proceeds in two or more ways, of which the firsd
ogours a¥ lower temperaturss then the r‘-tt

ma¢acocxa-—-> TOl, & 3C0g ,
(o] . B
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» Qur first runs by this method were made st 850-700%0,, after shors
period abvore 760° had showa ihe production of considerable cardom. They gave
more than a kilogram each of produst analysing BO.BI T0lye The produss was the
best loonn; of aay yet made, and was ouony in the form of long bloel .hutrmu
orystals. A small amount (same purtty) was in the form of a dense vm dark |
green powder,

J'«‘-Ih the two runs above, there was some diffieculsy ia uymﬁ.u the
produst from the charge, dedause of the slow rate of distillatica as 6 65070,

e attenps was thorutorﬁ md. te convert ths oxide % the ohlorida in plasey with *

duun-uon at au. as a unuhn lower tupmm. and t¢ subsequently amm
m product from the unressted charge at a much higher temperature, ia the abw.
sende of any garbom tetrachlorides A rum was them made st 45090, using 500 g of
tubnlioy oxide. After three hours, the rum was stepped, The zaterial ia the '
© tub® sppeared ontinly convertsed to ohloride, consequently, instead of dis=
unua is off, % was recwoved for analysis. I$ should be mentioned that cans of
':ho pﬂmtpﬂ obstacles te the preparation of a pure produst is the diffioulsy of
‘ r-nwl.u 1% from aay surfase oa whish 1% has coxﬂuud. or on which 1% hag bocl
melted. ~The adhesion is se great that e container is apt to be tyokes, and <
in any eveat the time consumed gives plemty of opportunity for hydrolysis ly the
modsturs unavoidably preseat.

Ia the J.u-t-pot?m Ul juss duortbod, however, the product was
in the foxmiaf. £ipsy upmu orystals, with a wu amound of unressted oxide
(!.l lmcl which could be completely removed from the tibe by pouring 1% oule A
naterial balanse of the chargs and produst gave a valus of 90% conversios te the

‘ cmm}gl i'.ho orystalline material analysed 95§ T01,; the small amoun$ of

!

luzps were 77% TOl., - :

Ci

i
i

3

e s ——
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Some small-scale experiments on this preparation have been maies I8

appears that the cardide is completaly converted to the chloride at low tempara~
tures, (abous 350°), leaving only a amall residue of ligh$ carbom partioless

Future work on this predlem is planned as soom as nore tubtalloy carbdide is

available. , \

2
’

Ja number of zetheds of preparation have beem developed, all of whidh

proseed at a satisfactory rate and nearly W complesion. lwm production
]
of a satisfastory product depends on a number of factors, now being studiedy
1. iaterials to withstand the temperatures and coryosive condisions

sngountered. Some thad are under investigation arel quarts, silicon carbide,
poveslain, graphite, and pyrex.

2. Condenser matorials not wes by m‘. Graphite is Deing 1nvutt‘uﬁ.

3¢ Satisfastory separatioa of charge sud produets This can be dene J
by distillation aS a high temperature, or bty a substantially complets conversion
| ‘x\vgmn dissillasion. A |

4o Choice of a one oF two=-gtep process, I% is ;ossibdle that utu—'
fastory ylelds of 99 ¢ % material caa bde produced ia one step. However, it may j
be aimpler and faster to make 908 naterial and sudsequently 10 purify is ty ,
distiliatioa ia vacuum.

ga tuballo e

Work om this problem das beea almost eatirely confined teo distillasion
methodg. The vaguum mu_. wvaich has beens in use, has been redesigwd to
preveat any mixing of the orud and the distillate, and to provide a mare sadige
faetory mathod of heating (800 Fige 4)¢ iecens tasss on the new a1} .vho'
1% % be quite satisfactory. The new :un will Saice a kilogrem of vharge,




SEGR ET
and complete the distillatioa in less tham 3 hours.

Another method of digtillasion is in & stream of nitrogen (see Pige 8).

MI3 IS COPY OoF _J

This has the advantage of no$ requiring a vacuum vessel good a$ high temperatures,

and of permitting condenstaion at higher temperatures t zive larger orystals,.
" Seversl rung nade with mmmll amounts have showa that this 1£ a suitable methods

il _Becovery of Unused Chargq .
(*) 4 28 .:J v ‘ v

J7AY the start of last noath, 1% became evident that adequate prosedures
for sffieiens recovery of the source materisl would de required to maice the
goseral prosess feasible oa s lergs seale, It was falt om gmunts of ecencay
that r«onri of zaterisl both om the first (exude) run as well as the second
(enrichmens) rum migh$ alse de desiradle. The writer, at the requést of Pef,
Jenkins, them organized a orew insluding Mr. 3chaids, MP. Kilner and himself
for the purposs of investigatiag all types of recevery procedures whioh ntm‘

be aontemplated. This report chromicles the oxbulunn perfornsd aad conclusioas

4drmbdah.

Methods of Reoovery ,
The procedures o be devised depend on the maturs of the wdalloy

\

deposis, the portion of the vacuum chamder from which the deposit is obtained, and

the major ocontaminants introduced iy the xetals used in the construstion of the
spparatuse One may olassify reeovery prosedures as rfollowss

1. }gry mathods,

3. Wet methods,

3. Aleetrolytic methodss
“ach of these has 1ts speoial advanteges and 1% has Deea the task of

¥

the Rodovm Crow o determine the exnod ocondisions undey whioh osch is feasible,

'

e e e e e e



The first sxpericent was pexforaed with the 37* can, e mwud

here were ' nsdertain how he tuballoy distributed itself undes oowunq of

@ 00ld are surce and how quaatitatively the sourds zaterial aould be r«.nm
using watey and aschanical aetion (f.ee scrubbing)e he geoaetry was as
indicated diagrammatically Delow (Fige 8}¢ A "0® was constructed ok & :mu,u. N
(inside) ot 1' and wi th am aperture of 6* x 4% m inside of ﬂn T* was
um-!'nxmucurou. Toils were plased Mmu.mmmm
source shield % colleet A1) material falling in the apace Detween the -um
"and the "C": To assertals how zmol tudalloy go8 pest the "G® and distrubuted:
xtmmmVumu-. the umcwwmamaamxum
Hbmu-mwuﬁocomcw. A dharge of 86.6 grens was placed im the
reservoive Whem the rus was finladed, the dam was opensd and the distribation .
firss aseertained visuallys It 6ould be seem Wiad jrestically all the caterial
\ (npm M) was oéu«tintfon the {om sourde and shield md the regiom |

ﬂ hMm shield and the "Q% Ne more the approz, o.amow-nm
Qq\ugu-e'. The ineide of the "C® showed 1@ signe of heavy iom dombarde
meaty @ swoeth, blask ooating of the tuballey metal being found spweed evenly
throughiont 18 whole inside of the “G% Less thas /10 milligres of wWdalloy
deposited on hs 1iaid ai¥ traps showing that the "O¥ collested all the
mmtmmuum source regioni The collestor showed some pide

ting dnd & smll deposty oJ tutelloy about equivaleat te what was in the "G

Sinee all the aaterial ucu‘ t&rﬂfl in the 108 Uree reglom, We source,
abdodd apd slits were cuernuy aleansd -hh mater and & brushe The recevery

e

[ .

P s e e

date 18 listed belows. o |
" Youree and 3hield - 63 grams

Slite ' A gue
Reservoiy 4 grams
Toted 0

(& 8) grans
' ‘ /2"\} .‘, Jﬂr! .::' 4 7‘3 "ﬁ iﬁ'}@ y?m’:
by .!'," ' :? %d i’; “ ! ::j__‘

B 4
P P2




I% is seon that by this aethod, all the tudalloy regardless of its atate of
combinasion camn be recovered from oopper or brass Uy vigorous meahanical aetion
and weabings I§ was noted that while little effors was required to remove the
deposis from & graphite surface (aslits), the coating om sopper proved very
‘tenadiouss In a separate sxperiment pure tudalloy ohloud'o was rubbed inte
copper and allowed t0 stand iam alr. Hydrolysis and reactiom oa the copper
by the agg,d formed resulted ia & closely adhering, chemically ow coating
of the ‘{Ihliny chloride (probably as tuballyl ohloxide o» onui-_“ with the
coppers Only aoid (approxes ¢ N HOL) sufficed te remove this coa$ completely, v
| 8inoe 1% sppeared that cepper might De the majoy contaminant and
somplication in the recovery of the tuballoy, methods for the separation of
copper and tuballoy were investigated, keeping in nind that beth large and
small scale procedures :diht be naeded, v~ .
The first type of procedure tyied both for ascertaining possiblilisies

for recovery as well as separatios of tuballoy from copper was elestrolysise A
© preliminary experikent showed that to ged 'high curremt efficiensies and smooth
deposition of copper, & rotating Qlootrodo was required. The nppmtiu' was
buils ingorporating a large rotasing copper cathode with variable speed of
rotation and a shee$ platimum anode. The protecol of a tx.'yiul numuu;
run is givea herewith: |

Equipmentt 1 Platinum Eleetrode (32" x 37)

. b Y anuuh Copper Rlestrode

(3.104 om diameter, 6.3 ocm long,
© area = 0.6140 da?)
Reagen$: Solusioa containing 1.13 mg tudalloy / ce and 40 mg
copper / ag as ouo.rido.
REleotrolysis: 100 ce of solutiom adjusted to pH - 1 used.

Cathode rotated at 168 rep.mej ourrent ~ 0.5 amperes
Voltags held below 3 volts.




The pH was measured with a s.hu elestrode ns the eleetrolysis
proaseded and was used to deternine how quidkly the copper was being renoveds
The pif. drepped from 1 te 0,18 {a 8 hours and in 3 bours, practically all of
the copper color im sclution was discharged. lNe en&no; plated oute Cure
tent-voltage curves for pure copper solutions when compared wi B solutions .
cantaining both tuballoy snd coppsy im the proportiom indicated abeve showed
thad jre#visally nons of the current was oarried by the tuballoye Omly bty
mlnu. the volu'ao up above 4 volts could one obtaim socme tuballoy oxids
was turned off, Apalysis ol ke completed rum atove showed 97% redovery
of the tuballoy im solution wheress sii of the copje? wis plated oute el .
date on the veltage-current relations rowy various M'lohuoll'im ObM'

I8 oam e vencluded that one may remove tuballoy incepporated wnl |

© eoppex inte solution by elestyolysis mad afterward plate oud the opper withe' '
~ out plating cut the tudalloy (Desmise of the high over-voltags required te wing
down tudalloy as the oxide ad the cathods.) ' L e Ty

" The elestrelytie setup was alse fousd useful by the analyste for

deteraination of the 4~valeat munby in tis presence of the é-valeas formg " o

as well as for & variety of other analyses and was turned over 30 them at thq
conelusion of hthou experiments. 3
| Anether method wpish suggested itself for use {a separating tHballey -
from copper was based ou selestive adsorpticn exhibited by sotivated |
alunine for metal lomse Chyomatographie colums (i.es long oyliadriesl tubes
packed #Ath alumine) were set up and the absorption charssteristics of some
lubontor.r ah\du inveatigated, In the firss ozpmm'. du-tnn powdu m
slowly droypod through & lomg thim ooluh of solusion oontuntnc Cu and 7 thul

I

?

s 18 oor:____or__,..}
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reveraing the usual chromatographic prosedure ia uhich the solutiom is persolated
through the alumins, (This procedure was suggested by am article ia Seiense,

Vol. 96, 218.) Due to the hot&ogqoity of the alumina particles, variable i
speeds of dropping were oncuuniered and the m‘th;d proved impractical. Hsnace,
resourse wqs had %0 the usual procedure of paciced columns, IR another ex-

periment, 3 ce of a solutiom containing 9.70 mg T/ce and 10,0 mg Cu/ee (pHe3.99)

were rus slowly througs a soluma of alumina pasked inte 3 mm 5hu tubing, using
the vui\‘u- of the water aapirator to pull the solution through the evlumme The'
tuballoy was ocmpletely sbsorbed as & jreea band on the slumina, the copper spe
pearing below the tutelloy as a blue colorations IS proved possible by
washing the alumina column to completely wash ous the cepper band while leaving
the tuballoy still absorbded oa the alumins,
The sxperiment was repoated using larger tubes and with the objees of .
abtaining quantitiative detae. IS was found that ome could effest 1U0$ T recevery
| oi the columa whils practically sll the copper washed throughe After the copper
had beem removed, the alumina was expelled from the tube and washed with I ¥ HOL,
whareupon in the 7T was dissolved off the alumina so that a complete iopnrntlo: .
of the T from the Cu was effoated. The experimend was oxtended to iroa and
similay results obtained alihough separations were no% as sharp as for the (u~-T
couples The iron is abu’orboi by the alumina firss aM‘thu the tubelloy, 9o thnt
oy cutsing the columm into :=m irom gmd- a tuballoy portiom and eluting wiﬂla'o.i.d.._
a soparation is zade. nk’-rtoot of pH on these separatsions is being doto.mm'od‘_..‘
In sddition othar abgorbents, such as 8 - hydroxy quinoline, are being u-ud’."
Attempts at ssparation by partition in organic solvonts have yielded
no simple process.
The chromatographic axperimnu' have shown that addition: of aotivatvodv U

alumina to a sqlution cantalning Cix and T results in the qud'nt’i.iat’ivo removal
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possidble solution to the problem. Colorimetrie nethods will be used for sone
purposes, Precipitate voiura methods show some Hromisze as a rosuls of prelime
inary oxperimonts.

‘aounno aoctivities consisted of quentitative and qualitative analysis
on 31 sanples from production and ochemiocal sroups. \

Research worx that i3 in progress or planned consias of the following
mvuuyil;u: '

1. Polaographio g:u.\nu

3. Spootrophotou;ouo aethods for tuballoy

3e ‘érooipxuto voluxe methods for tudallay

4, Hleroezravimetric analysis.

Submitted by J. M. Carter (Part X)
: | M. D, Zamea {Pars II)
H.Z, larsoa (Pars IIX)

Infornasion Diviseion
l-8-464
-
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Mtealf Mescareh Laderatery
Charles A Kraus, Direster

v. .. W' 9!!300.

Bex B
mmn. fennssseo
Deay Oaptain Irelandsy

h'ﬁmuo %0 your wirve, I an enelesing &
brief ssoount of the developmont of the work ot Browm Univereity
1n relation te the Yu12 prejeet

1 night have written st greatey lenghh tud I
tiak that wiat I am sending en will give you & fuirly geed piee
ture of the seurse of Yhe developmanis end ouwr yohihu %0 the

f-!.l prejost,
‘ If \here is anything merve than you want, plense
\ .
" 1ot = knew,
| Sineerely yours,
Charles 4, Kraus
cAK/N ,
‘ =
¢
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SAIEF AGOOUS? OF THE DEVELOPMENY OF. THR Yelf PROJECY
AT THE METCALY RESRARCH LANORATORY, BIDWS UNIVERSITY
The earliest work en Mo ureaniwme preblem was initisted ad

C Browa Taiversity abeud Jeawary 1, 1948 mder 0.8.R.D, Coxtraed
OXer-290. This werk wae undortaken st the instamee of Prefesser
Nayeld 0. Urey, of Columbia Universily, eand wie semeerned with the
pibin of separating wanium isetepes by electrelytie means. nu
work wae sentinued watil adewd Sepbewber 1, 15US and mush valusMle
information was asswmlated with regard to the prepertiss of seversl
uranyl salte in aquesus solutions The wrk is ccmpredensively res
ported in Ropers Ko, BT10, entitled "Die Properties of Aqm Sele
ubions of Jeae Uraayl Salte", under date of Ooteder 26, 1948 Rarly
ta July, 15h2, Dy, Kvaus visited the Metallurgiea} laleratery prejeet
in Ohisage &% the instanee of Dp, A, K, Conplen und, aftey studying

C Ahe predlems Where, suggested \had the Brews labevatery eeuld usefully
undertake 4 study of the wduetion of uranium from it compounds So
wetal form by meens of metals svsk as sedium and magnos i, hM-
1ine of 4in investigatiens and vetimates of the ¢oed were semt io
Dr. Genpton but Whe predlem was ned assigned. In the meantine, Whe
predlem wae undertaken st Anss sad &b varieus sthe? places, mueh

_ aleng the linee erigimally euggested by Dr. Kramss
_ Abewt the niddle of Augush, 15L2, Dry Reses, seting in dehalf of

My, Murphree, suggested that She Brewn ladevatery study the problem
of predusing metallis ureanium by 4he redeetien of ursasum halides w4k

< seddum or oﬁn similar metalss Thie led % & socend eontraetd with
ke O3RD, OXNer-635, fer the purpeas of stulying his predlem. Mier
te What Sime, ne werk had b d out looking towmrd the redustien
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of chlorides of wraaiumy earlisr work had beem direeted tewsrd the
redustion of uranium Wstraflueride. Therefere, eme of the fired
steps in the develepment of this predblen wms & study of mans for
prodacing wreniwm Vetrachleride ou s ommereis) sesls. Experimsnts
aleng these lines began early in Sepbember, deing largely in the n\tm
of expleratery investigatiosns; firsS, by reasties of exides vwith variews
ohlerinating agents, maeh as 003}, snd 3g01p in Whe vaper phass, ead,
2 ter, chlorisation of urenium exides By means of sulfur meseehleride
asd carben tetrashloride in the 1iquid phase, (See Neports oo, BT-6,
" BtwT, B%11, FE-13, daved Seplenber 17, October 7, Nevenber £ and
Nevesber 17, 19U2 respectively)e The firet sensiderable queatity of
wreniws totrachloride ws mde by resstien of My and Mg with 3901y
in e ligid phese near ths beiling peint, |

Sanples of uraniwm wirachleride wmre sent 4o Dr. lawense e Sep-
Sember 28, 19UR and quantitics of materiale, ranging from sme %o Yen
pownds wore shipped %9 Dr. Gilman, % Dr. Smuth, te the Wostinghouse
Company and %0 Dre W. 3, Calestt, during Nevember. The Califernis
gveup decame interested in the motheds empleyed at Brews for predusing
uranive Yetrashloride and Dectors Carter sad Boyer visited e Bhowm
laberatery eerly is Do«-l.or, 1948, Abdeut Wis tine, inpreved liquid
phase ressters Mad desn smstvusted md uranium tetrachloride ws pree
duweed Dy the recstion of U, end oarden tetrashloride in the liquid
phase &% Semporatures up te 160°. Between Jamuary 1 and Jume 1, the

total of 268 1bs, of urenium tetrachleride was shipped te the Tadiatien
hhnhq in Califernia, '

X CLASSIFIED CONTROL.ED
‘ NUC ORMATION
TSEERET™
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Alse in May, 1943, & complete resster unit was shipped te the
Rediation Laderatery and George €, “h“ wnt teo Califernia to st
up Whe redeter and demcnstrute its cperations Zuek & setup was made
a8 Daris and the resster was eporated there for sene Yimes

Dr. lcﬁlly. of %he Tmusssee Enotmms Corporation, firet learmed
of ¥he wrk at Brews Universidy en & visit o the Redistim laberatery
carly in 19!;, snd, en Fobrwary 17, 1943, Pr. Nelally, tegether with
Noo Ballerd, Mr, Mollews ad Dr, Geddes, visited e Brew laderatery
and oufom& A% seme length concerning the numuu of the Liguid
phase veastien with carben totrschloride for Whe produstion of m
Mn-u-vmh the alpha presess, As & vomuld ot this conferense,
¥a6 1iyuid phase resebiom wih carben twerashlovide s sdopted and
put inte praghiee ot Y=12, In Ahe meentines, werk wms saryied out
sarly in 1943 en the develepment of o n-n 1iquid phase resster for
Whe deta procoss, All details of tais m«n wee sarefully werked
eut end She Tesstion mes stmiied Yo dovernine Whe senditiems wmde? "&o“
oum oud m reastion, thw ’mtm aseensary v oy lessee and
%o cut down jho Vimp and te deternine She yields, purity of materisls,

mteyisl ulgmu, ots, Mis verk is reperted in Teeluieal Repers Fo.l)
Novewdor 3, 15h3, A resster was sent % Y-1f on Octeber 21, 1943, This

Sype of reaster s deen used exslusively in She deta precess, at lensd
up * July, 1945, smd 1s still deing wed,

Whem the Dota precess, as originslly laid eud, cane %e Ve put is |
eperation, great diffieslty was experionsed in Whe recevery of resyele
mierial, sines ais precess hm ontirely on shanisal motheds of
separatien. IS seensd necessary, \lmh‘n; %0 reser’t be an extrectien
prosess using ether as xtraction solvend. Aside frem the fach that the

“SEGQEF— .. LLASSIFIE AGLD
‘ NUCL ORMATION
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~ Josts Whis work was Sakes wp by the Brewn ladersteries largely ou tholy

SECRET

axtreastion efficieney of ethor is net %ee faverable, She high velatie
114y and low flaah poind of oAher cemstitutes & serieus hasard and, for
thas ressen, work wms underteken at the Brews laderatery early im 1oLk
4 find selvents less Mazardeus and mere offieient Van evdinary ether,
For Wais purpese, %he pelycsthars were develepeds Samples of Wese ethers
were systhesised fer She Brews Laberstery by the Carbide and Cazben
Chsnionls Company and toir pmarun' ae extreetsion selvenis wore ine
vestigated. Twe others, didutyl "Carditel” and divutenytetresthylens
glyeel, nnu\n‘ 46 moet all the needs of the Y.if )ujui. doth
for preductien snd for analytisal purpesess Nah of e Wk on oxs
traetien «xu-n we carried ous subsequemt %o July 27, 19ll, and she
reselts appedr {n reperts subsequent %o that date,

As dlli_b. ovident frem Whe foregeing, the Brem laderateries were
Rever requosted te ds the work which they astuslly did en the Y-18 pree

owm fnitiative, I8 was enly by chanee Wat the Brewn leberateriss found
an oppertunity %o study the preblem of the reduetien of e weaiws b
1340s and 1% was thus by the merest ohamee that the Byewn lsbereterics
had availadle toward the end of 19LS quantities of urenium Setrsehleride
sad means for predusing sush ehlerides Wy a prastiesl prevess,

Appended 10 & 1ish of reperts covering the peried September 1, 15i2, ®
July 87, 194k, shich sdequately substantistes any statements mds adeve,
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GOST RETIMATE
he costs of 4o investigasies a4 Brewa, relating %o the Y-12
prejesd, eannet be dotermined precisely Yut they have beem estimated

rather relisdly and the figures are given delow for the poried frem
he-poried-frem Septonder 1, 15i8 te July 27, 19k,
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adninistrasion of this emutmed, md that & now supplonms W the

- centreet will %e 794 Moy contiawmition of the wark afbor t%he

rivet of Janmaryy w.aomnnuuumm

rowmdation will Y¢ wnder Whe adninistration of Loy Colenel Ruleffie
offlieo of%r that dade, W are hoping 40 be abie % somnt um
WOctmmm.n.mdmmu. after ) Jonuary

Vevy twuly yeure,
h:": uhﬁm
poi g lbedh

ot 1A, Cely Dubet?
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GRNERAL AND ALPYA PROCESS
JJ, Cazber

maxx
Introdustion
Chanisal Preperties of Blerials Inwelved
s Twballey Oompownds
be Bquipment ss Affected by Tuballey Cempeunds
e Chenite) Requizenmte of the Alpha and of the
Beta Presesece |
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CIRMICAL ASPXOTS OF THB BETA PNOCESS
U,De Eomnm
- .

Cenerel Considerstiions
e Indbarevelations of Phyuisal and Chemisad
Requivenni @
e Trpes of Mite Prepeeed sad Pinally
- fecpd |
0e Mecemmendatisns on Genamel Preesdue
Beta Chenionl Cysle
. 8e Swrvicing of 3's and Issdepie Amailysis
b Trestam of ¥ and Omik Cetehey
S mmm
do stheds for Awificetion of Consentrete
(1) Xlestrelytis Prusedure
(2) B Contrel-Hydrelytie Presipitatien
(3) Pesexids
(A} Cagbemate
(9) Cysmide
(6) Sthew Extyestion

A7) Chwemstographie Separetion
(8) GCemsyel Nodustion Preceduree
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.b-‘ ‘SEBE :

se Chlerinatien
(1) Netheds Aveiladleswidvazbages and
Dissdwntages
(s) Additionsl Nequiremsute in Beda
Chentstey -
(b) Vepor Phase Chlerinatien with CC1,
(e) liquid Phase Chlsvimation with COI)
mdey Pressure
(4) Diresh Resotiom with Liquld 3201,
(e) Othew Wothede
2) Nesommeniatiens Sy Chlevinshise
Presedure
£, Salwage
(1) 7Types of Jalwge Operetions
(a) Dessvery of 7 fyem Selxiimms Dilwbe
in all ivtal Tems -
() Resovery of 7 fyem Salutieus Dilnte
in all Motel Tens b T
(s) Recevery of T frem Seldd Restdues
(2) Carriep Precedure
(3) Xisetvelytis CleannUp
(A) Ism Exchange Precedwe
(5) Ether Extyestiom Msthod
(6) Oeneral Recenmendations
3, Boskkesping in the Buta Precess
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Jully Carvtey

Batgredmieny

, During & wnference in Doston, the desivaldlity of Daving
s samarising repert of the chemisal work on tudalley wae
joined cubs THis repay® has besn written a8 & result, md
deals anly With the chenistivy of tuballey whdch f9 disectly
fnvolved in thw pelatren® process, There is much other chexistry
of tuballay vhich has beem inweetigated in Derkeley, b this
w1l 0b be cevered here,

riefly, the pelatecn [secses invalves the fallodng,
whish affect the ohesiosl operablonss

1le Prepareiion of volstile tudelloy cospemds fyom
«ides op Tescversd mterial, After s mmber of tests en
various of thess cempeunds, only the calouldes TC1, and T01g
have besn fownd sultelle, |

2, Purifisstien of the chlopides, and loading inte the
propey evaparation Dettles fow uee in the jelstrom,

3. FEvaperetios of the chlorides im the pelatrem, wheredy
S te 3 per omb ig fonised snd 3 te 5 per cent weds The res
of the mtarisl ia redepogited in sn essentially wwhanged omm
threughond varioug pards of the euipment, THe fonised matertal
whioh 1o nob 1ed 19 found mptly oo metal aixed wWith eputtered
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Ao ‘mo paxdficatien of the moevered mterialg fren
Precess 3, te remeve the sudstansos intmduged frea the
equipamt,

5. The cnwerdien of the purified tuwballey to exides
for wee in Step 1, |

é. mm-:uuumuua-uunu
tws ssparste lots, ems of Wik maprises the pyodwt, the
other being mpent material to be rejested,

There are tw jrineipel surces of inefficisnsy in the
Pelatren presess. The firet is tint, as nentiened sbove,
enly 3 to 5 por cent of weful ies are predweed. I the
sthey 90 0dd per dend of material musk by reseversd and
recyeled in order te got all the produst owh of the inseming
shavge. The seceni mi mere implytmd of the inefficiemeies

" 19 thsh cemplete ssparetimm of the wemted mterial frem the
bulk of the curnummho-wm,

bup requires twe, On thls sccemnt, the esdend procees
mgd, of nuud.ty. sperate om -tmlr vnmhlo mterdal
u«mmwwuoma recess) hence 10
requires different tesbniques in handling sed utm
precantiens te awid WM& If edther or Doth of these
tnatficienciss ceuld be remsved, h_olaip_xmgm it
be mich slapler md & grest dedl lsss expansive, and, ia
eithep case, the chenistry invelved wuld be of rather

S omed pmperiions,
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mm«mmhmmw
polay, inovganis copownds, siullay te slwimm chlaride,
silicen evuniden, odse Decanse of thelr hyzreesspie and
mnu&umc.uquumd;mu
handlsd wder anhydrons omditions, md frequently owb of
mm-mdr. Soms early wrk en sulttabls miwrialy
'Mnmm.mnqmmu
tetraiedide, md s fairly coaplon organis waterials
containing tubsllaye A secprebensive survey chowed Shab
the tetrechlevids, N1y, e the nesd suffadle for ues 1n
of the haxachlovide indisated that thip aight alee de
Mgu.fhmmmmwm“
the telrachlopide has Desn dedided on, 701, i stable
mmmmmw. nmnmuuu—
Uty (p 2 1/10 m, o8 A80%) snd i 20b exivensly cermeeive,
In adiidlen, 18 15 the ased sanily 2ade mnd purifisd of al)
the halides, e pessibls exceptions are T7) and 78, wioh
are caslly made md purifisd bub are ciberwiss noaweuilable,
 Tn comeotion with werk on T026 ande by & mebhed
developed Yy Frefessor Evece of DBrews Doiweruity, 1V we
found thab this meterisl omsld be decompesed in & vacmm
to 1C1) and the hitherts winows haxschloride, lg « s
zaterisl is sch mre wistile (pg 0,1 ab spreximately 90°0)
and hance offare adwatages far vee in the pelatren (vecess,

'-.;{.j_ASSIFI o NTF}S&F‘L];)
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Howewp, 18 1g rether mebadle, lesing chlorine
o give N snd L) sb teapantnawe ear 100%, Mo,
tmmaunmhum.uwnm
aelals ond grephite, 16 resots rush mere repidly with
. metaly then 01, 4008, resuiting in boAk destmesiilen of
the 701y and sorvosian of the mstal, Pesetbly the sestesd
Alondventage of the Y014 19 1o srend resettvity with water,
Apdrolysls =nd breaiiom to Jovep @:2orddse cosw with
cononiretion of wetep wgoe A lew a8 0,03 =, fg, ™
mesessiieten the grentest care 1n hmdling the mstextal,
Up % the present the enly mtlsfsatory mihod of hmdling
R Sotalen had Desn %9 A1 md send Mom off wader veoums,

™he ahendetvy of tetalloy ss 18 echere inte the purle
flaatine and Tesewry precesses o sceimt acmplieated,
bt ned A1fficnlt, Tm sowscus selvilens e Velences coeus,
the 4 A ond the 4 &y ead in guoapel 0o [voperiles are those
Wia wuld b wreoted, e cdeawnt Wi meb adosaly
rosmbles 13 18 fren, dub ere 10 mough of & dLfference
o tad suaretien froa fren Ixurities 1o net diffimlte

A sorles of Teporte oa the dheatebsy of tubelley in
aeous solutlen, peinel pully 1u sommestion with sethode
of snalysis, hes been rrepared, largely wdey the supervisien
of Dn, Zereon, Othey wrk of thie natare 19 repavted in
sose detedl 1n the fallewdng seetisn of thle repers, by Dr,
- ,

In conneotien with the me of the 701, in the pelatres
prosess, the question of corrosion of equipment -;}B(

s
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18 atfeots the durebdility and sles the pwrification of the
recovered tuballay, Twere wre several iinds of corresics
widoh are endountered, Tirsd, tlace is wrvosim by Do
hot T, vepor o8 mpprexisataly 30%, his type of cerves
elen ovises fron tre differech properiles, The mteriad
15 milep casily redused to the eudetanne TC4, iiving off
m aton of chiovines The ehlerine thea belaves a8 wauld de
wtyocted 28 this teporelure, attscking a mubey of adale,
Tn addition, the tetrachloride vapay sesas to taw o
correalve asiion of its owiy 20 futh, ind caabineg with &
muskep of wtaly te form compeunds of indefinite onporie
lom Bud wileh definitaly cerreés the mteris), T»
seond 1yDe 72 corrosion vhih I evemtered 18 that tne
ts the mtion of mter on 29 totyechloride in remwvivg 18
fron e epdomant, A9 300m a8 veter iy adied, ihe tetree
ohloridh Rydrolywes ratde aospletely; glving falrly stroeg
solutlons of Nydrechlavie aeld, TV ip mfwtmnate thal
nosh mterisls ¢o nod wilhelend the dorvention by gaseens
chlerine snd Yy hydroshleris sofd in wter, A thivd type
of aervesion 1 that & te the muitering sebiom of e
lonsy ™doh are farmd in the eqdpmnt, o all the parte
Wity stdeh they comg in cadaohy and herg agein the mtericls
a0k istund Ao sputtering the Besh 810 nod nesesesrily
thoss whish 11l Wtheband the chesiead corrosien, Thie
protles of corrosion 1 coversd in & series of repurts,
largaly by Mr, Cumxdnge,
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Tor withetnding the action of the hod tetreshloride
vaper Ve Yesh mlsniale arer @14, rickel, sarbom, staine
Yoo stesl, and & fow rinoP metals wiich camed be used
for Athep ressems. Coppew, silvey, sluxinum end iren seem
to % martioularly meuitadle, ss they am attscind wre
ov 10ee rapidiy by the bt vepor, On the sdiftien of
miter to Hagolve off the tetrachloride, meeh of the metals -
{a the atove 11ab are fairly sstlofactery, o ateuh thy
sane cnes sre badly sttacked, Againgd the spubtersd ieme,
mm&mumummun,mm
nickel ip nod wry emtigfustary, ¥Notals with a poow
spattering charsateristis st low rresmires sre especially
bed (1. o, sluiren), I cavwotien vAAh the sputtestng
Mmhnmm.mownaamun.
beecues, {0 gmersl, the'dens carvy & cresd deal of serry,
™S to o this secomb thed Asinlede, wdeh i3 olhervise
extrenely suitoble, med e ueed Al care where spattered
1mmma§mdhcmmv!hn
condgtivity, | |

Geagra) Flag et
e preamt sstap prevides o meg theousend J%® op

corwerters ia five hmired tanks for the alphe ;wosess mnd

10 3% 10 the saverdyntus tondy for the beta fwosses, IS Lo

poseible thab only eboud half of these latter W1l sotwlly be

m AL the above are to be opsrated em 101, On the bests

of the ;veasch opsvetion, the 701, requived few the Alpha precese
o w.éESH-‘IE’ NI ROl
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Wil b abod fiwe hudred kilogmas & day, of wich soaswind

le3s dhen 10 par ok 1) be predused fm now nterialy froa

the utalde md 90 odd peveent md 's mde from mterisl recovered
from the equipmmt, Thig recoversd mterial W1l be devived from
sPproxinately sevenly tanke opsted wp evary dip, THA 19 om the
beais of Live hndred tenke T om the geven-day ayuls, A4 presend,
attenpls ove wiey Wy t ™ OB & fourtesn @@ even & hiptgndey
oyele, s W1l reselt, if suscesafrl in oy Siiviyefive or
fiftesn tenky opened pep &y, The produst frem the slphe pwwesss
W1l cocwrh %o seus Uwes mtred rYwme & dip, Wik e be resevere
ummuom-zm ™ie mng that only adeul twe gremg
(af mbenewd tiballay) w11 be nyesset ia ssch recelver, mread
oy M Aree Mre tlan u fosd square, mmmmy
correspondingly larger tusmate frem sach ressiwr, This predast
from the alphs presess cmetiftules the feed for the Beta precses,
bk e mouwd requived te operats the dela precess is a;preximtaly
mo'mnku—,dﬁgmmum“m
I8 {e obvious then thad 4the alphe pracess musd rum o0 wme tle o
full oapaeity Dafore the Deta precess aam be cpersted in mere thmm
8 vy ss1l way, In ovder to stard the beta precess Jurd ss
reoidly e reseitle and %9 awdd having larqs mmounhe of wiusble
mtarial tied wp in 13, the epipmnt on the Deta prueews 19 desigwd
e operate on & cngwdsy cyale, and 16 i feld that tte chendoel
recovery om alse do held down te thie time, The wodust frem the
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mmmmohahnmtrmndw.hum
from sixty ressivers,

Thest recivenmte are wey dfferent, as oublined
belowe In the alphe precess the mein chjestive in t»
Preduse the largest pesuitle snsnte of produsd, This
. produst msd ™od ba Lowd oF cartoninated With Jowey grede
mterial, Insemplete ressvel of recsverubls mieniel frem
the tanks, beven, o 106900 In purifisetion of in the
recfornatien of 01, ave oot inpertend, s¢ now mterisl te
be fod inte the prvdess 19 miatively sbwbdend snd ned
oveyly expenaive, -
| In the beta (1esees the outpub 18 ebviowsly imited
by the smsund of slphe predash whish i¢ awdlatle few
feed, Here therve meh b euly & negiigitle loss of eithey
prodmt av the wayaled naterial, md, further, all eperes
t4one et be dow a8 TepIly a8 peexidle, bessume of the
 1ares sowte of efronisting mterial wildh are nesecesrily
requized b Deet, A¢ motioned defove, there 18 e the
problen of & very reduted ouiywd during Whe tine required
to build up the momd of meterial needed t operate the
bets Precesss Thess queeiicns ave treated sose in dvtaid
velows

<SEERET




(a) 2Dalowersiion of 101 = Prioe te the wrk dne
on this prejest there were & nubep of mthods of preparing

CA)e Serw of then wre eiramly sstisfestery, T wmeb
comenly wid ap inmlived he reastism

Palam,. Mye P2 )
_This reectien wesseds axly b Sepivetures of §0°C o
sdeve and dvimely repires fwed quris enipuat, In
: ﬂu-‘“m&.mmm&.lq-%
fastery nixtere of the tdelley extde sl the sarben, and,
in faeh, ihe culy wthed i@ Mae preven a8 all ;Mgfetory
18 to uix thy axids with sugsr md Shem to ar 06 ougar
40 gezten, " have mds & Sensidopebls menmd of T, bty
thig prasses, Y 1% we wrly theughh thad there musd de
meve envenied mettede, Do ssomd mihod vhidh we tried
and i oh hed boun 18 wee sb 1o Berems of Nandards e the
resstion

3 33,00 100, 4 23 4 35, -

™ds ressiive requires sdewd the seme temperetupe a8 the
Preseding cne and mush slew de carvied oud in quertes
Tare 1o tob the jreblem of sixing Ve oxide with eavben, :
bub, om the eber band,thare 18 & greet Al sudventage in Ji
st he sredm slmys aomtadned sulfur, snd, in dewer 7
the evepresmt leaks in suoh siparetus, the molows geese 35
were hard on the operators, After investigating tde sbove,
and & nuber of vthey tesstions wiloh did ned jveve suiteble,

18 was finally found et tubslley dloxide, s well ag the
 _GEGRET - yLASSPED CONTROL.EL
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e |
other axides, could be ressted wiih cerban tetrachleride
vapep ab tesperstures a8 lew ag 35070, ascerding te the
reactisn | |
10y § 20051y, § 200,

Besauss of WU clescmess wnd e suliabllity of the method,
18 v feptter dewioped a4 Berkelay and oh Devipy, md &b
presssh ws have ogd pmed whioh will tuus ol en the ardwy
of 4sen peunds en howr of 0}, of showd 99 per eark Purity,
The eivestagee of thip vesction ave the lew Sespereiuze A%
 wideh 18 oam 2o earriod eudy (h presmt we opermte b
sooveninstely A0°0,), and Abe arity and satiafestery physie
oal nature of \he (redmd, Thew 1o alee the NexiMiity
se % e dargs material, $n 10t W Mave Swd thet we

| o ue Wy, My and 740y, a6 w28 wrieus enyshlerides
' and A1) residess, T dlsdveniages erer Ut 18 0o

f22 heg wrind euly 1a vethep amll wmits, althonsh 18 is
beligvad Uat thin ceuld 1o evervens ity ferther, 1n
the sed setiefustory form of equipuent, & Gembimecuy
solating furmeesy smll aewde of Lapurities formed coused
the retsiing demints te shisk ob fivet, This hes aew bem
solved, Pessidly \he meed wricus dissdvantegs is e rmse
then of spprecisdle smowmts of 114 a0 & very fime dmd
which 15 vather diffienit o rempve, ‘

" Independently of the werk 88 Brheley, Prefesecy Kreus

ummmmuuwmmmm

muwmum Thig gives sg & prodaed . |

the pemtachleride rether thas the tetynebloridey cic|ED
SEGREF  NUCLEA
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Bub 13 om be carried sud ab texpuratures ned sdeve 1797
and odviowly is ospable of predusing ok largew aaewnie
in & dingls plece of emipaat, It hes e dsadwnrtem
that e mestion 15 rether A71snlS %0 senired, 8¢ & oy
sotiwe oxide 1a 1idely te maeh all 3 ®mwe, md, en the
odg hand,enides repsved by certeln metheds do neb
appes? 16 reest &b i, Tere 19 & Nwiher disadwotage
in Aat, 1€ the totreshlontds 1o 10 be used, the pemtes
ehlaride wiich i fwrand in WMg waction mutd o desenposnedy
snd 3¢ yob thip has net besn demw to giwe & telveshleride with
the preper physisel chazesterieties, | "'
Severul ninse midels vere inveetigated od Devinley,
inelnding the Tesotlon of taballey csydde with chlorine,
Tde in $4enlf 19 & vy solipfactory resotiom, oo 10
sorws 2 teperstere of MO o Lemw wd sives & wry
pure predagt, Hewewe, in view of the diffieully of cne
vortingresyeled mierial 1te he cartide, wilch invelves
elostre furnsess ;d & @ed MY of 1aes, this wthed wmg

nob Lavertigated fwtiew, Do seesnd asticn, ok 1o

fuirly suldable, 18 thad of my of the axides of tudalley
with Uquid sulfup chlevide, This presseds is moh the

 ssmp wy as the resstions with liqdd surben tetmochieride,

uhmuhmmhmhnnﬂdn‘ml&
fupthey dlssdventage thad very considembls smsunts of

. sulfup are included {a the predush, Befors ues the sulfer

mush be resoved, wiich ia retder Affieuls te socomplish

cooplately, A nusbey of othey shlorimting .m/
| SEERET NUC FORMATION
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been tried in comestion with a1l the oxides of tubslley.
Nene are ab all mtigfactory, Nest of them, in faet, fal)
1o reash ab all, ewa thess which 1§ wag fald wenld be the
meeh yeestive, Mere 19 e pessidility wich 19 cspestally
intezenting- awiding (e rmiien of 014 in o pa
phaes reasiics by the wee of chlsrefom, sither alems o
is omectise wAth serben Sedvechleride, e chlsrefors
seeng e have the offeed of redming very sppresiably the

snsund of Wuballeyfenischleride, bub theve 1 the rather
bad dsadvandagh thad the chletwdomm itsalf tends 4o deveme

pos® with the Hretism of layge smeumts of sardben, '
(3 2ifjestion of YO0\ sed Joadings Up to the peysms,
prestisally all the 703, whish has besn ueed in the pelstren
precess hae besn Alstilled{sublined) to free 18 from mall
smcunks of solid lupuritise and from sdesbed gases wd
vipows, Tde pReeas 1o carried oud ad adeud 65070, wmder
& vacuma of 107bam, figy o beMier, ia stataless steed stille
developed &b Borkelay, Theew shills ;sedwe apprxivately
twe idlogrens of parified 101, in aboud S houre.
somtly & largs veemm shill, eapedle of handling
eixty Wlograns of 703, in & sin-dour rum, has been cene
strugted and teated, largely m the desion of the Tennesesss
Bagtaan Compny, In gensral, this still operses quite
stisfastorily, and, after some nodificstions required ty
the refmotory nature of the material are imsewporeted,
thare thould 1e ne difficulty, i SLASSIFIE £ TROL.ED
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nummum&ﬁumw
is scowmlsted, 1% W1l prewe ppecidble te use TCY, wiihewd
HAdlling 18, In view of the lapge cusler of cther variables
o be inwesticted in the palaten, {4 hais neb beem thouds
sdvisadls es fap Lo intredws o fwiher Wariable of cem
pesitien sod piysisal stale of the cherge astertal, TV s
the opiniens of the chenieal grewp, however, iab mdistilled
01, e be ueed, possibly requiring trectmh te ressve
sdoortod grove and vepers,

The oaly rigid requiressnd on fi1ling ¥ dettles with
1, in that the materisl be Jepld dry, This recuires thad
- thy bettles Da thoroughly dried md that they de filled In
8 dry atmosghere snd adaquately stoppered te prewad socwws
of molsture,

umammmammum
sempliseted md csreful trestaent, The 01§ WNS D0 (wee
mwmuudm. Tl o dewn ol grecta) o
the seme (mal)) sbeinless steed stille ueed fo¢ 701y, dub
heated to mly sone 200%, g ylelds s sablimte of frem
30 % 50 perownh of the {nttial chavge, heving & T3y
owten® of 73 te 30 per s, (The chber 20 te 25 pew cend
is ™01 eit2ev a8 mioh oF 88 NWiie) Te wdiinsy is them
redistilled and loaded inte § bottles Ln sy slleglase systen
devclloped in this Iadoratowy, '

(o) Zaporun of Dballe

alphs and bets procsssss, In the alphs , OL.Ep
TIO,

SEERET N




1apertanes ealy insefer w 5 affests the mdesquent cpwree
ens The tedal wwewd of tudalley whieh is tied wp 1n the
gi.:‘l‘g ?csvnfﬁﬂolr
the equipmch met of ewwee 1 in shupe fuy Sarther use,

g%’ Fé’f%i
ll“uhl'-n!llguiui! sidosqend
%ti.&llﬁ'gfu%

| gzﬂvllggs.g&!grrll

g&h& sglﬁﬂs;fz |
i-o.n»o Yortwately aeed of tHe »-!38.-_8..38.

congentzated srouwnd the J ek, o that the removal ond
,glolﬁugif%titi |
aset of the mieriale Mve again, the dLffwrende detwwen
fa-llf:&.il&lfal.g On the

digearind, Efff;;i!ﬂg
gsﬂog%z}lgp&.rcgg
Ziisgiﬂl!’ Tere &
another approxiustaly four te 2w per osnd of the tuballey
thad ig depeeited efhler an metod evi.adi(el

NUG TION
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around in the equipment, nearer the receivers, md decauge
of 1% nature this saterisl mist be recevered by the wse
of acide. These mierials de ned ok wp water, they &»
ned inkerfere spprecisbly with the operatien of the equipe
ment, md in the alpha precese they cam de allawed te asouwme
late foy censideredbls periods of tim. Dub, for the resssn
given abeve, they mash be removed frem the beta equipment
ot e mese frequend inteyvals, IS is cbvieus thed the
 tuballey selutions receversd from the alphe precess are
wosh mTe cencentrated than thess frem the beta, se thad
Ahe 1iquid frem the s1phe osa gs diresily inte chemfeal
purification, Ou the beta, bessuse of the large smeunts
 of mter invelved, the fireb step mst cameist of sm eveperes
tien, in order te dulld up the censenization of tubelley
te & pednt where 18 is cenvendent te werk Wik 18 chemieally,
In sdditien, the mterial frem the beta resevezy is sueh -
nove complex becawse of the acide which are wed mnd alse
because of the variety of cerrocien~reaistant equipment
wiioh met be used 1n the Deta precese. |

(4) Chexfoal Purification, In the alphs precess, the
prinoipal impurity is cepper, with mdner mmemts of iyem
ggﬁglo&h- In the beta precess, besasuse
of the wide use of stainless stesl md the almesh entire
avoldance of gepper, the major impurity is irem, with the
acgompanying proportiens of niokel and chremium ordinarily
oncsunternd in shainless, There are alee the miney mtals
wiich ecaur in all cesee and are dus te such pieces of
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equipmnt ss filaamis, mldered connectiieng, anti-eputtering
shislde, ote, The milods of pewrification are rether simple
snd ased om & nuaber of well~lowwn reastions of tuballoy,
T™e firet, wiioh ig well knows and has been uged Do a leng
ting, depends em the formation of & sarbenate comples by
tuballay when I8 15 in the axidized etate, By having beth
amonius fen md carbemate em present at the same tiwe,
1ren and all other aetale wich fore ineluble hydrexides

 oeh dseslving in exoess smenda cem be precipated,

leaving the tuballey disssived as the complax, This,
together Wi th & precipitation in Wwilch only asmeniwa 18
present, purifise the tudelley frea a1l ddemerds likely to
be wosuntersd, The cepper, “hich s the meln cembaminent
In the alphs [¥e00es, 15 remaved 20 & diseslved oopper
smmania cosplesi when the tuballey is weeipiteted bty the use
of amonda Wthowd caybomte, A further mthed which ws
uted by Prefessor Kreus largely s & meane of (veparing
vory resctive ™4 bae slse desn fourd weful here fer
purifisation, This depends om the pnduuauolt{u

~ compound 10 with hydreges peroxide.  This wppeare te be
eatively spesifis fop taballoy, md the enly element which
interfores ab all dedly iy irem, which, ss is wll krwwm,
catalynes the decompesition of hydrogen peromide, IS has
besn found, Nowever, thaS ‘he irem oen be sufficiently
insctivited by forming & comples with such materials as
1sstie or acetis seide, A furthey nethod thad has besa
developed largely in this laborstory mmnn <

IFi
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precipitation of tuballous hydmxide, Thie cbvicasly ,
requires & prelivnary reduation, either chemisally op
alestiiytically, snd & rather careful ccatrel of all the -
sonditiens unlep whieh the presipitation 9 wade, Thie
mthod 1s dssussed in grestey deteil ix the eubesquent
ssstion of Uds repert by Dm, Tamen, A nusber of other
aetheds have desn preposed, invelving the remeval of copper
by treatmery with seiallle iros, the formstiom of ayanide
conplence foy Aho yamswal of inpuritiss, extvesiion of
tuballey nitrete with other, and & nwber of obhere, bub
the onee cutlined abeve seen Lo serwe thg parpose well
aough and o790 nod a9 domplicated ss a mmbep of others
 whiaoh have beest prepesed,
» (o) Zmpsretion of Oxides e oxide that is te de
( made varies to & certain exterd WM the methed tad ie
chosen for the preparation of chlovide, In the gas phase

reastien with carbem tetrachlorids the amide 704 18 b7 fur
the mosb deeiredble, in that the reectiem 19 much meve repid

than with otfey axides md the tempersture ab widoh the
_mumhwqmyhﬁfwmm‘
of the propep physical charseteristics and fop the removal
of sech impurities as iron, Purtherners, less 14 18
formed, I0 1s obvious thed in. this resstion, irem 1f nod

) presend in large mmounts, dauses ne difficuity hessuse sny

\ 1ron pressnd w1l be converted to ferris chloride, which bedls
out of the apparstus ad s conveniently low tewperatars, The
1iquid phage with carbon tetrechloride reqdmes 104 29 the .~

$INC
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starting :mtapial, ag T0g does nod appear to reass,
Furthernore, T4 from different sowrces reacts
vopy Siffovently, ™e mesd aetive mterial ig thad
produced hy the decorpeaition of 70, ad 325%C im a partial
vaounm, mwMaua.muum.mu
Im:orhmmmwmn.mo‘MGch
29 o of cantrel cad Decaw alwost expleaive, Sons formg
of T04 4o ned appear % resad ab sll, Tt prevered By
desonposition o the nitrste ressts fairly setlefasterily,
tud each batoh mapd be tested to detarming the proper
condittare, ’
(£) 2w L | LY .
Dotk the produst and the depleted mterial are essmtially
mn.mmmwmwmmmmm
poskate and other perts of the equipmemb, Mmuw
te be considerabls smcunts of carbes and zraphite, which
intreduce ne difficultiss ints the recowry, ™e pressnt
design of the receivers calls fop the uss of stainless steel
md graphite. The mial 1s rether tightly dound te the wmlle
of the reveivey and wugd be removed chamisally, ™he depleted
aaterial 18 of ecomiially the same natwe s the produgt, bdus,
29 the only vequiressnt is thad 18 de thiews ouwb of the systes,
muummmanhoﬂorﬂhan.
Inrm.umumuuummmmmuunm
sssantially full and thea de threwm out, tegethoy with the dise
cayded receiveys, In the beta precess, this depleted mterial
oarned be e jectad until an analysis has showm that 4N 19 of




B
a8 10w crade as the incoming material which s used 1n the
alpha precess, The aebod of remving the produst from the

. recsivers is t» trest the receiver material with & dllute

solution of hydrechleris scid sad hydregen peroxide, wich

attacks tuballay very vigerouely bub has mlativwely litele

offesh om sbainlese stesl nd of course nous at all wom

grophite, T™he mtheds wsed for puwrification are im general

the ssme 89 thoee expleyed fop the recysled material,
Alobe Prosess md Souiamnh.

The methods end equipment fop the alphs proesss are
fairly well decided am ob presad, in mriked contrass te the
beta, A large part of the emipmmt 18 ordered ad eithe
mm«upmoinmm

Moy te preparation of the 7015, both gas phase and
- 14quid [hase equipmend have been ;vided, This has deem

doneg both as insurencs te provide against unexpected A ffie
culties in the operelios of one ov the okher and becaugs,

at ths tine the equipomd wes opdeved, the finsl decistem
s te wiethew to use 01, or T0ig hed nod desa asde, Sines
~the TU14 requires previcus preperetion of 7014, sppresimately
double the capssity is required, The gas phase equipment
providad corisiste of twelve dontinuess retary funases,
anuum&ummm&nm«m
per day, In additien, twe large (1,000 gad,) liquid phase
resdtors are on opdee, These reactore should produce sbowh
one thouoand pounds of TC1g with each oharge. The W4 osa

be converted to TGl either in the mﬁ |
. NUC '& #ﬂ

containers sade Dy thad purpese.
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e still equipmnt ad preswd calls for four
stills, each espable of taking 125 pounds abd cach charw,
I8 s estimated thad three charges per day coag ts rm in
sach sdll, In view of recent exparience ad Derkeley with
the one large still availabla, ib ig prebeble thad there
i1l be some changes in design % previde gere conveniend
operetien and less oppertmity for wmateninatien of the
Produst by =odek A¥,

e waghing md recevery equipmsad has desn larely
dsatgned and chosem by TY0, The perificetiom of selubions
propesed ab [Tessnt 1s & carbonate purificstion te remsve
iron, followed Yy preeipitation of the tuballoy se 10y,

MUNCLASSIFIE
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The unique charester of e bata pmosse 13 mnifested
sainly in the oloee interplay op rigid chexissl requires
ohe with phyeicel design of Wil spparatus, ‘s dscussed
in =any previous reports, there mush be provisdion for rapid
reoyaling of wvesd alshe prodiot, widh iy the only feed
mtarial, Miis in turn nesssaliictes relative sase of
regoveradility of doth MAsxipated chargs and moollsated
had precessed mterial, In additdon ‘here 19 the dusl ree
quiresend of aininal holdep 1n a1l cheataad operetions
inotdent to the reayeling prodsss and cwoidmoe of absolmte
1ess of cherge, T beta machines, shich have desn destgned
te meed theee remiremnts, reppesend & cowpronise betwemn
the 1deal which can be izsgined snd the actiocal ik
om e attalned Jus te linitations of tim md material,

™ besin with, e may review the background for the
desinion 28 t4 the xive of beta wnits, IS sypesred desiyable
nnmu.tmm«wo:muuwmmmun
wmite (1.0, uuhmmnﬁng on a one=foob I path redus
or less) sinoe 14 theredy Lecame ;nnmn te construat &
sechenissl sywtem whih could be keph closed during the
washing opevetions and mauld require s sinimmm of coapliceted
mechanioal equipment suoh as would de nesded “or disasseabling
suy muching of & slow such ag Rl, Ia the extrems, ons could
viguslien extremly small umnite which oould e bandled by &
single chexdsh muh a8 & tesh tude operetien, These could de
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oade 81l glase and with 8 minimm of corredable perte, Tde
dress was shattered by conslderetion of the difficulties
arising ia cellesting the separsted beams of PX® ard Q®, I%

e ~ only appeared prasticsble te asllest the F® on 3 airele of
tw fest cp meve, autemeticelly setting the alse of the beta
neohines st semihing intermediste betweam the 37° and the
large tanks on the hill, A nmber of suggestiong for
collesting the FX separately at the pecket and the Q beek
1n the nlédle of U catfit were advaneed dut nething eams
of thien, The maim cbjestiom to the large suifite wg the
vash quintity of tank wash required te adequetely alesn
suh achinee, resulitrg 1s prexibitively larss eveporatiem
installations, Maobjnﬂumommbym realisstion
thad the major portiem of the clarge distilled oud in ay
run oould be condmsed in the imediste vicinity of the M by

o & suitably censtrusted gk csteder, m thad, ly confining

the dally ayole te the Dulk of ths wmchanged Th cellested
in taig fashion, emall smownte of wash could de used, This
conbined the advaniages of the small oubfite with thoee
assruing te the big machines, The inaluaien of a limep
te shield the D* wmll of all mterial esdeping from the gumk
catcher , and adequate baffling in the puwp leads complsted
the pletwe, ’

_ A suggestion thad the Deta machines be provided with

{ aschanisms which mmmw; oF al frequent intervals,

sorsped the gunk eatoher and returmed wiused TA to the H
wae made, This ides appealed to a1l ag a means of inereasing

RS
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the speed of the daily aysls and reducing holdwpe The

diffioulty in desimning =mach a gadged was seon found te
be such thad 14 nes mob felt wise te risk-loss of e om
the part of the alrvady overtaxed desigm md engineering
Mhaattmumxuamummqmm
nachine. |
The experimos of the ladoratory thus led te a formes
Mummnmau;Muu-uw.us
used in the alpha prucess Wth the fellowing resammendatienst
1. The i wms te be insulsted snd removable aleng with
the gk osteber sy one wnid,
2. T pmk catohey way te be desigaed te cover ag
" completely as pessibls the enbire il regiom and axtend
fap enough oud into the B % condemse 90 te 90
per omd of the TA* vapor wlatilised,
~ 3 hmd'mmmmhum,
silver, bress, md others famd by the ladorstery
te be attecked excersiwely by the TA vepow, wee te
uma‘.ﬂumm. The uge of
stainlese steel, grsphite, niciwl, eto., was
recomnended,
Notet To simplify and acoelerate chemical proceduyes,
1% 18 proposed that the mechines be made up of ag
fow ohaxical -m-m as possidble, Sgcdﬁunr.
stainless stesd is recomsended for ¥ naterials snd
gunk catcher, with nickel-plated copper where gpod
conduativity {s sbeolutely ewsential, Grrphite,
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~ which causes no complisations in chemiasl ayoling,
owuld be used for alite and heat resistant eurfacess
The liner 1s to be zade of stainless, with the
receivexe of stainlase wmd grophits wherevey the
heat 16 a peblesn, Difficultiss in the casting of
stainless stesl have bown cited s objestionste
this and mubstitutes sucd ag Hirewist zentioned,
The experience of the X deta X% plsnd 1s required
te settle on the fined coaposition of the U, B
in any case, by confirming the Lmpuritdes posuidle
te a relstively limited mmbep of olsomts, & Casd
Mulqvhmbcm-mwd. I8 des not
require nany of the clasada cordinarily acomtered
s B construstion to rondoy the clealcal ayele fay
resovery of pare T extremely difficuls, swa If there
40 plenty of time fopy purifisstion, Iy the use of
matepials nod eanily curreded, aMnis) amowte of
inpurities ¥11 ooour in the Mot wmaler B wagh, and
thas & mintion adepled % rapid cheaical treatmentd
mbiouum ’

Separate B'g fop 7X and Q beans were % be furnished
lul thaiy WMMuhMmh that no contande
nation of the PX® pocked, sither inside or ostalde,
hy sputtered 2 could secur, IV was considered
desigable that the FY ;ocka$ De water2ighh m thad
minimsl macurte of soid conld B¢ used for olsmning

pesketse 1loated PX,
of o ) 1JNCLASSIFIE
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6. It is ouwr recemmendatien that the beta chexistry
oyeling be carried oub in a losatien as dless te
the beta mchine® as pessible. It is et cemsidered
wise te transfer recovered chemical mterial frem
the machines sny large distance te the regiem in
wiich the chenfosl cysling is carried ous. The
beta chemistry is carried oub in & limited space,
prefoeradly in ons roem, e spparetus md prece~
dure centenplated can be adapted easily te 11
this requivemsnt. A sepurute pawp Dor the deta
ahenistry room should be previded se thad in
svend of spillage the beta material cam be rvcevered
umm@«mmwmmm
the beta munp, It is ned recormended thad the beta
chendgtry be spwread over & Lrge regisn, The
peinte 1isted above W1l be treated ab semswhad
mere length iu the spprepriate ssetiens of the
digoussion which fellows,

2, Dot Chewioa) Crels

The main beta chemisal cyels censists ef the fellewing

sequenee of operatienss '

1. Daily removal of ¥ md gunk cateher and, less
frequntly, of the liner,

2. Dally serviaing of alphs PX Bfg® and separate treat-
nent in sinilar fashion of beta FX BE's. Isetopie
snalysig of the predmt,

INFORMATION
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3. Hot watey and steoan wmash of M and gunk catchey
daily, follared st lass frequent intervals by
acid wash, |

A« Evaperation of wsh eelutiens after oxidatiem of
T (with pevexide), |

S, Purificstion of concentrate, This inwlves jreeipie
tation and Qltyatdom of sy ons of & nubey of T
ccnpemds, All disssrded filiretes snd residues

- arve seved fop salvage eperetion, |

6 Prepsration of oxides frem separsted md purifisd
T preeipitats, |

7. Chlorinatism of axide,

8. &Mmucmhfmmuu.m.

 We vill talw 1p the steps In the order indicsted.

The 7 deposit which appears em the S 10 made up mainly
of sstal and wetep-inselubls meterial, and one oen expect &
relatively large fractien of the tetal depeeit pyeceseed te
be inpurities, The seterial beet suited for us here 1o
stainless steed ( 18-8), Thiy is became T showe ne marked
tendensy te bond stiagly te stainless stesd surfaces and
becsnge in the subsequnt chexistry irem, nicked, md
Mu’pnant ne grexd diffioulty ia the T purificatien,
loreever, as W1l de seen, the ims smtiened are the same
as those coouring in the water wash of the main ayols, se
thas the purification methode cms de dimilar, It ig strongly

recomaended thad the stainless used contaln no more thmn ’
WNCLASSIFI TROLLED
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~ Sutervals te recover & smil smsunt of T, wiich is driven

e3%e  SECRET™

080 pe¥ oend molybdenws in addi\icn te the umel irenm,
nlekel, md ohrouius contend and traces of other aetals,
Carbon s recomsended Dop sapfsces subjested te intense
heating, Undes ne elremstsnces shonld plating b reeoyted
te, as the 7 will sputier the plating md axpese the min
body of the metal, Puribommeve; copper tends T fimdy, If

'whmmotmhmmuﬁu?dn

th&“hmdduﬂﬂanﬂy
all the copper, Ny trestuend with het 2 nitele said, the
? depoeit cen be recevered qumtitetively frem shainlees,
leaving & smeeth, clean serface, IN preetios, I8 hes e
fownd Unt one howt of Srestasd with the heb acld removes
better than 95 puw cenh of the T frem the B's, IV s alse
possibls t2at sess eorb of spewy wash will prewe adveniegecus,
e have had 20 eiperience Wih this Y90 of jressdure,
howevery IV 'd1l Do nessesery $o ash grephite &b infrecquent

desp inke the sarbes, dus te the rethep poreue slrustuge, T
metal sostioved from heb earbon surfases appesys te depostt

in m inseluble forms prebebly & grephittsed wwface deposit
Swe and 1n the T imolivates the mtal as for g selviion

in soid is concamed, An ignitien of this deposit in oxypen
rendeys i} ecluble in seid, Othey materials shioh give
quantitative renovel are nielel, melybdenum, chresius, staine
1oes stésls through & Wde rangs of cempeaition, sud tungsten.
Rowswop, nickel i net mitable if nitéde aaid 1p used, simve
sopssive smowle will desclw 18, Chwosium offers ne
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sdventage over stainless and g hard e obtain In seltd
shests, Tantalus 1o poseible 0o & collestay acterial dwd
i offere wschanleal difficuliies, besides dleming lese casily
! with acld, stmoe it hae & Mndency S0 cadine Wih setal a
high tempeyetures, losh of the collestisn comws on the
Muttm.mrmum;umm:mw
fa0 and reflecting te the sbatnless sides of the %, Howewes,
| , the 1's ati1l seesees relatively NMgh anergies, chenieslly
! spesldng, se thad tantalum, wich codinarily is wmresetive
| v - 8% low tenperetares, tonds the T stublornly 1f used In e 5,
Ihe use of lydrechlarie sod pereide offere smas advontages
owep nitrats (n thaS 0o nityis seid is introduced inte the
cwaieal cperstion of the min aysle thwe complicating the
. owporsiden soteng, IV has bewn e wperiense hat rather -
_ cnessive sslution of the § mtal cecars with the ownemtres
t4om vequired { abeud § per cenmd N1 and perextde), Yove
experiamis on this poink onk de dene, hawever, Fersulfurie
suid 19 olse offectiwe in :meh the same wmy, Dud adde sowe
plaxity to the chentcsl ayols, I8 1s recomasended thad
itele be a0ed 20 8 wah Mquld, Te T4 igurites could be
precipitated with ammonts md the precijdtate sdded te the
aain ayels after thercugh mashing, the flltrste going te
salwge, Befom addition te the meis cheaical ayale, a
| seaple should be talwa fop igetople analysis, which oo de
e e Yy the spedtvomstey mthod, op by the combing cethods
Soth are nedessary i sone 02009 43 ohecka, The spectremster

mM'm‘m'Muofmﬂgb g 13 iteelf &
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oants & platinum or druse plate, in an alimline madium,
odtaining & homsgumous fils conbaining up to several wllle
grems P psy scuare cenfimeter, Dedails of thie method arve
{ sveilatle {n the fsdiatiem Lalovetevy reperte, IS sowmns
best to have Individuml treataend of ¥ Meawe, ratber thas
seng ageendly 1ine precese, sines the number of Dexss 10 de
pressssed pow diy 18 emsll (up to seven sa hour)s e have
tried alastrelytis provedures (dedh AC ad NC) an & meens
of ressving T frem S's ub find the peeses tos alow snd
umnesssserily caepliceted cespared to the simple seid vash,
Purthernste, 1o Jass ispurity 1o intrefused frie the S
wsh by this pmoedare, IV mmy De [einted oud, hewewer,
 that elactyelytis rempwal of 20 T In salwge pwceduyes
on the B material £8 & possitility, e trestasd of the
( deta B's {8 slmilsr in all resperte, In al) tdg operstione
 here a9 elsswhere ia $h9 Deta precess, extremp cave mwd de
takes te provent laws by willage, wetiwring, ote, A} A
operetions should be wndated owr vessels op floering
sdeqmte te recover may 1quld Joeh by willages |
In the bets presses, ahoub 90 pew osh of the T 18
volatilised prestioally mehanged from the ¥ resion, wd
condensen th & 1arge extend nearby cn tha ool supfaces
provided by guok eataley ind pertions of M, Abouk 2 per
S oend of thde oharge, o less, g0us te mtal ond inte mbere
Anselvble powtisas, The fires oparetion, erefore, consdete
hmwmp&hm:mwuaﬂdwm

of 7 A deposited, There are mﬂ-%W .
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mgmmiwmu.mmupmmw
dropring the dejosid from ¥, Dxediately after rescval, ¥ .
ard the linee are wheelsd te the washing regin, Allternatiwly

{ ;m-wum.mﬂamummuu
huummumuwrm
over i tad the gwik dalaher, Ttess 204 Dod wler My be
intaduoced intd this wesel md a guiseomd treatmsrd uped,
u!uhms&mﬂqu Jankad in a saries of Zanke
mumtmbmhm:wmawu
nalf i hours Oy far the xeler pordion of TH w1l de recovered

" in the Mrsd Gmidng, The other rinees may Us tsed fop
opereiicas an wucasoding 3 waehe Defore mmeving the stalne
1368 steel wshing toxy, if wmch is used, the apparstes
should be dried thomughly in & stream of hot adr wiioh 19
aspirated thyrorgh e tox and then throwh & f1lter cartridge
- for devontpraining the vapow, ww@mma '
iafrequend intoywmls to salvage, - Aftey the waler rinse, the
st 7 bo fllod with heb 2% nitrie satd end allewed te
Soak fow fifteem dmites, op dtematively, the murce my
be mrayed itk hot A aitrls 00id ad ssaked 1n separete
tanke cuntalning the scdd, I8 1g essential thad ne nitrle
2014 be dxed vith the chloride wash, The cosbined acld
wech acd mater rinse et follows s otoved Dy ugse sgain om
thumxtm;thcmdmﬂpubndommm

ringes 50 a8 o salntaln the acidity ad ahout W, The
reastn thad niterls soid musk e exaluied fyem the min wter
wash 1g that cthernise the concendyete Tesulting from the
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MA




y

—SEERET
w3 e

swpotution progsodwre \dll dulld v luvge quantitias of

nitris wild, M™s will man exoverirve e2)) fornatisan furing
~ the meutpalisatiens reqdrod for purificatdon of T aad ‘bie
(» 1s mdosiredls for momtitative Dreaipdtatiom of T, If
hydroohlorie + percide cen be suhetituted My iitele axid,
mma'mmukmmm«wmum
Shrough the deta syele o he awaided, ‘m-romi‘mm:t
ard st notonn seaw te indioate that ‘hle 1a & good Drowpect,
Stdinless steel appamtoe would be remired £3» the miiyts
wash md taAslun wer for the evaperalop handling i T,
| The liner is opuated %o oaded atead J Der et of the
HpAllled cdarge sash ma, T8 will nrebahly have % be
tated swry ive or ten daye, althowh provisions have
bosn mmde %o hmdls 18 ewry dxy. e sem mwaumte of
maing opdretions sheuld e swpleyed with the fellowirg
adAL L onse

The water vashing rinse should De stored mnd med scveral

tiaee Wil 7 aontord udlds op safffotently %o 8dd te the
i ayels, The nitrie wash on the X can M reqyoled avey
the liner, "he “soniow W1l {nwilve amlosing the liner
mammmu&swmmmﬂﬂnﬁm
‘e e meahed dom with & minimm voluwme, IS 19 nod adviged
to use quiegoent treatmmh a9 In the M, The U, punk cotoher
| mdynnmmmavmdumtomaurﬂwdmmw
< tory to the mexs run, mntmrp-mu‘mdaumm

a0t the merepings carefully ssved to be tuved cwew Lo

salvnye, UNCLAS
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The thamdest problen in the beta ayele 1s the ewroretien
of the T waeh selutions o & vealume asd sonomtretion recuived
for sdequate chexisal precesaing, In the bets plasd o8
equilidyws there are expuoted $0 1o some 25,000 pounds of selwe

 tien eemtaining approxineddly forty pownds of ? eening cob

of U beta mahines cech diy, This muwb be emmomtreted to
choud 5 per cond 1n 7 dadly, In otue werds, & theassnd
Pomds [o@ how? murh D6 ewparsted S0 itrigeiires peunds,
e £im) hewrly cencanivete W1l omteln abewd 1.4 pounds
T ,a-nmmw-uumm”
ehangty b ey have besn uged as e desis here fop deeign
of the wwmpsreter wits, There mwd 2o 19, o sinbml,
heldwp sd abeslumbely no 1ese ty eatreirmmd ep lesks, The
ohofee 1o enfined sulemidoally 0 mial ewpunter mite,

sy sinee the miniieng mm Mgh tn ehlsaide, tantalws

mot bo umd, IV 19 seed fortunete ANt the prodles of
chleride cevresion hag besn meeily sived ty Ahs erpesrence
of tmtalums 1 the chendeal md indwivial flald, g ctiwee
wios 18 weuld be meb Affiouls, 1f ned Lipessitis, W
conelrwst m adaquale evapereler foy oW (poess The
aromucks w04 detatls of the ewpersior msastrariies and
mnwwmmmmnmm
digouseed bty 1, Re Qu Dayer 18 & swparste report, ™
need enly mutien here thad there will de G affests, The
fivet 1s to be & stmndard veriicsl tude ewparater 40 fun
e reile of 3/2, md the ssccnd 18 %0 be & M@wepeed,

UNCLAS
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griéi}oog-iog
tiem of 10/, The evwer-all concentretien faster 1s 0.
Thes Wil be ne sulmwrged valves, All parie eaposed to

¢ sAzea dydrechlerss will be tashalum and the centrel w1l be
by mme of plungere epapated through & eeel Meh sdove in
the vapey phase, Te dMser will be glass 1ined md fixed te
the Samtelus wdt be & tanbalum seel md flange, A de~
sntreinmat coluwm pasked with glase sedtles aod designd te
iclpal'o“-oi.- I‘R.&i?ﬂ!&
the riser, Terp is, fimlly, & omdmeny; slee glasw lined,
ich sendenses the Wper to stevege. The de-emtrainment
sopareiop and condmeer an be affined te esch offect, e
_glnl&g g?fgi :
grgsfi.gt!g.t
e emond 10 “4x, This 1n in emtrast to the nitele acid line,
g&htgs!%.grfag |

| Unite capalle of hendling five hwnired, ene theusend, twe
theuwsmd, md fowr theusend pemds & day sheuld be cengtrasted
te parsdt Dexidility in the flow of opsretiens, especially
1n the bulldwp porisd, The operviien 16 batedeniee to reduse
heldnp, WM oseure minly in the final effest, The prebles
of trestmad of the cendeeste w1l be takem 1 in the
digcussion on selvage epsyetions. Defere svapemstion, the
tonk wash mt do filteved, A coures fllter W1l suffice,
C The tramefer of the consentrate te the chendsal trestment
| veseels 15 cxpected te be dene Wth myphen atbschambe, The

UNC
écpmmm_ ,
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sveilsblity of & good tontalus valve will chengs thds,
howsver, o8 well o8 the method of combrel of feed te the twe
offosts.

e adeve precsdaw ig besed m experiaantal models
which Dave Desn demcnetzeted te Do wyksbis, Ab the presmnt
ting frther rostareh ig baing earvied ea % ses in hadt wy
Ue evperetone em be friler mdified and elrplifted, 10
my b mohlened Dare thed the use of Jqhé-dnstube typee
my swperesds the bayoned typs ¥ the seevnd effest 1f
aprimets now WA wy prove mossssiul, Neference i
140 40 1he reprd by ¥v, Begee foy Pl detalls,

Sa. J0odn fon Purifioation of Conomirats

© The mibeds of purifisation sre dsternized by the nature
and the amswnt 'of §'s dspurifies presscd in thy teok wash,
™here 18 0o oinple mthed availadle sidch satisfies Moth
oriteria of mindsed nusber of cumies) smipdiations end
Mwnmarmewm 7o have invege
- tigated, in mee op lase dstadl, & large nmbdey of possitle
 schemee md will deseride here thees Wil appeer euitable
fov tréatment of tuk weh, 78 have besm ided here by the
expestation that the main omteninent will be iren, with

snller smowds of niskel and chreafun, All insslable

muw.m..uammmummw
 tiem preceding the ewporsiien 10 saved for slvege, There
WdWiMQOMmﬂﬁum‘ml
ae they remis in trece swomte, they Wil nok complisste
pewoedures outlined belows

SEERET-
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(1) Zagtralyila lrocedicss ™is is perbape the enly
mivereally adsptadle method for all types of wash selutions

snooumtereds Preciically il msisllis ions om be separeied
wmm.m:m:-odnmm-l
Totating 1nard snode of platinum ey eerbem, T alsotrelysis
19 Gne in sulfurie asid selutiens (120 te M), Under the
Jroper cenditons of currerd flew mé witage, netals such
og iromy nlokel, chrawdum,y melybdenum, wnadius, sine,
sodlum, ote,, are quntitatiwly plated oub snd inte the
o ary. mmwuwumumw
of elestrelysise e hawe ned extended this mthod te the
muupmuon(mmmm«-h
A typlesl mis mald require & stainlese smvelops wles Jacied
with insulated flange top, fitted wiih veper=Adht iquid
wmmmmm‘.m-m
anmmmmmmmmum
solutions and the vy mereury after cleetrelysie. I8
has besn shows 1a \raser experiamts that, wun the seld 1
Mep$ shove cne tanth nermsd, ne detestable 7 cmm be found ia
wammm.cnmwmmﬁn
(quwmmmmi-v)mm
The usual cenditicne for elactrede soparatisn of thres o
five caatineters are six te sight velts, md three tmths
%o fiw tmths mperes per square osntimeter, The tine
requived depands on the total anound of iapurities present,
m.unmmmrmwrmmnoum
osmt 7 and equivalent amownts of iron, niekel, ebe,, aboud |
wiNCLASSIFIE ROL.ED -
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‘six to. oight hours are required st presemt to reduse the
Lmuth-tiapdntmm nluuuhoond:!u?odpna
enough ¢ mmumhumumumunn
¢ tenths per cend in irem, ete, Amofoonl'lﬂllary
mfmmdmunsd‘qmumamoumnmundm
Itnutthiwiwnmmt.ﬂnhtdﬁnunhmhlm.
It 1g necessary to rum the elestrelysis in sslfuris seid selutienm.
Nitrates or chlorides interfere by lewering the cwrrent efftcieney
and introdueing mdesizable seesndsry resstime suck 29 re-exidation
dthoimr.lmaplnugutnmw. Hanoe, & cemversiem
unlntourmnd, ﬁmmawmdﬁuuu
_ond & re-gelution in sulfurie scid. The mlutisus cam be
drawn off with the current om, altheugh we have found that
| | ne appresiable re-selution of the impurities cecurs if the
C currens 18 1aft off during the peried thet the selvbion is
bedng trangferred, An oxygen-fres stassphere helpe here,
mmannﬂwPMflmmvw
(:gammrsim). the acid being threwa beck inte the
main cyele, nnnu.mw(mswumu
method available in the Radiatien Mﬂ. -
Mo have not carried eub this elestrochemical precedure
on & 1ot Flank sesle bub wuld estinats that & gwmrater
capable of abouh fifteen hundred auperes output ab ten be
| twelve volts would be sufficient to hindle the beta plant ab
C | full operstien, Such & gemerator has in fast beem ordered

for the site, |
| - UNCLASSIFIE R
| OL.
| . Nue RMAnau”' 0
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(2) g Sastand Muthage Tis nethod depends on the el
| tive Insalubdlily of tuballous dydronide sb oK of aloud fewr,
um‘ba-mammm
oo, in adequate Declaun control unih wiih rsiladle redex
Mnbum e yedsetion of the fanle censtts
taents of the B wash is aecempiished Wt lypewilfite
(smenien or diwm :ald)s B Deve wrked th e anmendwn
sl mixly, A% ons t6ae we theugih Ib desiradle to @
71d of wosess salte in salvage ly ignition, ietually this

" 1u pet contemplated 2ow a8 there 1s toe mub dangey of losing
7 wben iguiting off smenium salts, IS siould be essier %0
work with the sedfum sals, although of the pil used there ig
relatdvely 14803 differeace 1n stalility, I8 is ecemital
thad the hypoeuifite be jwepared with ss 1tAls suifits .
presech 8o posaldle, although & mole to e vetle of mle
£ite to Xyposulfite o de tolweled, Txoses sulfite
resulte in 10sw of the ? Yy relmilon, A presedure has
been wortied owb 1 detsdl and ab presend recoveries of

99.9¢ in T are atalned regularly with extrewly Mg
peritiss. n moe oases ne 1rom has Desn detested in thees
taballous precipitates by any of \he usuel colerimtrie tests,
Te fi1tsete has bown cxmningd, wing tracer techniqees, o0
that this X4gh percontage resovery has been eqtadlished and
 checked by mane of 3 procedure wdch 1s relisdle for
extyersly small mewnts of T, Pormaldehyve is used ab the
ond of the Mtystica wAth lyposifite te remove the exmees

mm-mhzmmw meien. The deqasiensd
‘ UNCLASSIF TROLLED
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w«tmymdwwmmum
presvmbly hacsetiyleng tetrandne, ote,, e besn roted in
 the £irsh jTeeipitation, T um of the Sodiwe ealt should

4 . ebdiote this dfflodty, AS mnsentretion of T delow one
. per oenh the foymaldebgde is nod required in smoh smunts 28
[P %o intredace this conplication, This pil precedure hes the
' 1” " sdvmtags that the enly muipulations am eoipdtation and
{ " filteetlon, Yo have setilsd definitely om the sveddence of
omirifuging cpwatiens, 38 thess invlve tas mh risk of
less, e jrecipitete o8 feraed conbalng from 3 te 5 pew
ot ispurity as sulftr, after 8 zAld drying sb aboat 1209,
If 1% is dosired to remove this sulfier, the fMlirete com be
dlasolved off the filter ia 21 and repreeipitoted as &
tuballous hydroxide with alkall, The precipitation is done
- in the dold wth sald plt and 1 the hed wiih alkali, The
| presipitaty obbelned 1 aithes case, thab is, either 1n actd
@ nee mder thens wnditimns, 1s readily filteredle in
sontrast to uogh okhars oblaimed Yty the :wthode thal ave
svailabls, I} do aeccssary te avcid axidetlon of W
tubsllous hypdrexide during theee opsretiong, = there hould
be a sirean of nilvogm rum over the flltey sake during the
sslubiom operetion, IS 18 pousible, howaver, that the fired
_ preaipitate, even ‘hough sontaining the sulfuy iepurity, will
mmumuunmrwmummm
{ ™is jolod 18 now being imvestizated, The se-ence of operes
| tions dnwives trsseferring the cxide from the fAlter aske
to the chlerination resctor, ¥o have designod & filtey wit.
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T
ocnelgting of & tantalum porforeted plate basking s Vyuor
filtew cake, reedpitaticens are sarried cub im the tantaluns
1ined Lron cussstie whieh ls jwovided Witk pipes for Gooling
and heating, e filter sade 1o them clawped om and filtres
tien cssvied b Wi o wessare, e otoan ip introduoed
Uawed & pipe ich 1 jart of the filler unity. Twre ehould
hamummbrpmhlndmm
swilable Sa the beta pland, munumua.m-m
are vasind dem with olosn, ™o cake 1 rewewsd, the preale
phtute drisd wl tremsferred s the Vyeer te the dhlorine.
tien vesssl, I sy pyeve nSeeesery in the end to use &
filtey mieria) finee than ie aveilable sy Vyosr cake. Mis
Wil b the cese if & puvifiendion based en & dituballate
o peronide ig decided wene A sintered glass diss om be
used in this eventuality, Te dismster of swh fritted
MM““M“I-MM-.-.-
senisal adeptep nay be recmiseds MWVWM
filteation Wil Snveive desigaing suftintently shrung becking
e use sush fritied dises, 7ossibly the uee of modevate
pressuwoe well belew the tolersace limite on fritted dises
w1l be snifictent especially if the dies dismster i3 nod
Largs, e uee of japer o ceglule fRlter cedis Ls nob
recemmended, 1dicwiss thick £1ltey oskes inwlving large
haldup are tp be awided, The technique S Syansfer depends
ua the setind of chlorinstion proposed, 1f the trenefee 18
2de 10 sush & way thed the tulk of the precipitate is
tranaferved off the Vyoor, the residus on the Vyoor 1s tumed

wNGLASSIFIED ROL.ED
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Laak ediher to sulvaygs op to Lhe madn ayeles |

the total voalumg of the caseette up te the 2iltep wnid
10 eatimntod %o Lo tin sallone, ety mheuld i» s cvedle
provided te handle the casseite |

(3) Peruxide athede Tobelloy perextide is inseluble in
asdd solutions in whioh the chleeide conssutwetien i nob
oo Mghe This fash sem b wbilised te ssperate T frem the
contsainmie te be encewmtered, hfertanstely, in \he presenss
of & large axowdh of ivom, evessive decompoaition of the
hydrogen peraxids Saliee plaoe as S8 is added te ihe selubien,
Cansequently the irem snek be tied up in ssap idnd of &
 cemplex with asetite, lastats, e Puriberzore, the
precipitotion st te carried oub ia the cold, mMirnee the
osuplex dacomposss om hsatings These is mas salubility of
the tuballoy perexide in the conteetration used te jrevesd
aprosipitation of irem, nlatel, md redus, Sorewr,
this nothod 18 sitable cepseially in emjiwmation with the
standard corivaosts mihod fop puriftcetion of sanples fep
Wm The sxtenaisn of thig rethod te the
purifieation of B wash where 118420 {ron 19 endountered
should be censtiered serlously, The mjor objestlos &b ,
pressat 1o Ut tie parcxide 1 MIF1ows % filier shen
precipitated 1 the caldy  If precipitstion ts done in the
hoty a8 18 possible With the low saount Gf irom, the methed
zmay consoivably te umd, Teference should Mo zade to the
roponts by Dr, % Larson for full dolails,

NCLASSIFIED OL.ED
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(A) Casbonats latheds m-umw.um»;
Hooedwre possible, g method dapends om the colubility of
tubongl in exooss srtunate, uile iromy nfokn), 4 chrexdum
pmadpitets ag hydraxidas op cartonates, In the presence of
lavge sasunks of tom ab lanoh three op foe prectpitoblons
of the iren hpydrexids are reqiiyed 10 antitstivly recover
all the % Turbharwre, & preaipitaties is trieky 1f m
saslly filMerebls Nrdiaxide 1s te be obtained, o usmlly
wee Wis aethod {n conjuetion TAAN the contrifuge, wHiah,
howevory I8 nsd advimble for the xein Dela oyele shesdon)
operations, uawmuW#zm.uw;tm
m8thod 1¢ one of the cexdemt, TR faas, I4 =y be Amitioned
1mamguanwm-nmtmm-um;m
will e @9 problen fovelwod in purifying the tonk wash, 18
any oo of thess ethods w1l be opmlly ndsplable, Tull
details Ga this procodure are swilabls in Zadfattom
Latoratesy rosesroh nales,

(5) Zmalde Dotbeds A poowible altsrmative method te
the conplox scetcls snd laatete ip the we of qeaide, Is
this rotedize the potasaion cyenide is added %9 the colwe
tdon nade slightly aold wdth X1, Yo cxidatiom 19 reworted
to hores ftow susues cyanide Ims heen added, the solution
is soutyelined vith waonis snd vxonfus ditsdellste ig
procipilated, Inem, rdckel and shrordum in the cxidised .
states are bald up am camplex iane, This mtbod nveds &
iwod daed zore wrk hub is monticoed bore as & peesildlity,

s
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(6) Iihox oshod, T o be extrasted frem & mixtare
of nitmates ty sucoeselve axtyuotions with soidified ether
(&8 in 108) o7y sltematively, If iren is 2 2ajor spatauie
nand, the dhloride solution can % sxtreatod wiih ethey
eaturated with SN hydrachlome agdd, whioh rwaowes the irom,
- romtazranhis Searetiae Yo tave tad some
experience hery with the preferenilal abearption of T, irem
ard nloked o3 verions materials suck as aluxlmm, silics
and 1om exchange resing sk os Awborlite, ™e mjop
ddmdvantiage is tia$ for s prefurential sbsorption, the
colmg zush de developed Nomly snd a large heldup osoure,
Somalats sdeoeptien of all maltivalent metel feng oam bs
ssaemplished quiclly using the ‘sbeslite rasin, and, im faos,
this msthod seyves as o busie for salvege operalion, A
twonfood Ded of the greds of \sderiite knows as INd Wil
reduoe the conoentsuiion of T in the Miguow precessed by a
" fastor of 107, Tme u soluben containing 1 mge. T/iiter
aftep pussses through the Asbeglite colums shewed s firal
soncentystien of Jees tian 10=7 ngn 1iter, The wlsdlty
of flew should nob exoeed 20 gallens/1V? pey howr, The
sbeorbent ssturetes at aboud 50 mym T/gram abwetend, The
salution mut 0ot be too seid (3.0, srester than 10°N), ae
6 Sem L0 the mesh esally sdecrbed lom, adtivalen lone
nuch a8 7es 4 5, * %, D3 7 %, ke, are adesgbed preferentially
tnd soepletely in this type of matn, the Ba* e 31, % wdah
10 the satien actiwtor being depladed, e Bawe nob hed
maly sxperience in tids latoratory with (hds type of absoybent,

| ;MCLASSIFIED ED
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ths figures slwa above being bused on wark done ab the
Hatallurgical t;abnnm in Chicage, e ave inventigating
mzmmummmmdmmmuomh
vations, |

(e) Wmum-mu cthes than
- hyposulfite are availabls fer converding the T presend in
- the sank wash te tuballouse In partieular, one om rum the
solution tirouzh &a irem redustor, This is then follewed
by the usual pH contyel jwesipitation, There sesns L@ deo ne
advantage of this methed ovey the method antlined uder
Hoe 3¢ fod im addition there is tiw eadvantage thal &
lazge amount of heldup oscurs in the redustor, Mrw
 dilute wlatiens of T santeluing appweciatle ewmute of Pe,
mhaamwduw.roumwwwcm
piuﬁmuthpﬂm%

mmmmmnmdammuuw
neceopdty Lfor Lesting nluﬂm and residuce mm-mumzy
uauahrhpmmummm«o:m
mmwwmumwmmmwm
obtained froa the reaidues, followed by elther concontrstion
by ovsporaticn ov, if the condentretics of T is high smoush,
alvect applisation of wot-test wiheds, For spob Lests,
there is avallable the umual ferricyanide test, as vell as
s numbey of otters shich have deen worksd on in this
laboratary, T resoval of exoess salb before acking the
spot ‘est could he sscowplished by the loneoxchangsr, The
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various methode outlined above have bean 4issuseed in
detall 1a the Pallatlon Latoretary raports :ad reforence
should be sade W0 thea far :wihods of .uacedure, -

In the repord A the alpha pocese Dy Carter tag
described the avallable iothals for chlorination of the
oxtde, Tw owe ressrts sply te the ohlarinstion of the
wclde tn the bata cyele, Wdth the sdded prevision thad
' there b8 10 1ose and 11t81e holdup of T dneing the hlerde
nation precedure, The grososs, hich recomends itself, is
sony mwolileaties of 'te vapor pheoss nettod, e use of the
Davis rssotcw with postlive prassure sezls md olsctrostetde
precipitator ab the cutlet and is contesplated Yere,
Nogesrch 18 now proceeding using tracer tschrdnng te
detersdng whaby 1f wuy, 10s8 ocours uning the Davis resstor,
e boldup 1w low, sromiing only to the et of ddde
required 2o £111 the tube of the csntimeovs cactor, During
the bullde=up poriod a wyy mall resctor WAl Do roquived,
A8 equllidriua 3 fomAnch reactop with total holdup of
Abeus thros hundred gruss is in rrospest, | Pirt'or sdvens
ta3is of thMa type of equipnomt 1 that irenefer of the
shlorids %o Totlas fs sccarpliched s&mpzr; a0th 14ttle
vy no sk of Iou, a9 the mtlet of the chioeination tade
leads dfreqtly inte be M Motbtls, Txuopd fop onbeaceing
s rrotmt it 15 nod recormended thab the rmterdal be
rodistilicd, e nae of Lhe Wodd phase ronotor 49 ab
presant clatdratly 19se Highly spardsd, The sroduct sade

o SHCLASSIFIED .
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is the pentachloride, T, and this has te bs breken down to
TA before opening a reastor, Adequate provision for stirring
without loss of T myt be mde, Thers must be complete
reaction of the charge, It alse appears that a large excess
of T5 s needed as catalyst, leading te exscessive heldup,

, Kreus and his group at Browm Uniwrsity are hnnugnung
t.h:ll reaction as a possible beta chlorinstien precedure,
It 1s posaible that by the additionm of ndu‘hg hpu'tthu
such as sulfur, water, ete., in xinute amounts, the resstor
oanbondoupnmm‘nmdthumdomhuduﬂu
the resction as T5. This peint still has te be ixmntignud.

mnuamuauunmt‘drmnmﬁe

of convenisnce for the beta process, This is the one based
on the direct resstion of liquid sulfur chleride with any or
mhbnloyeddu lol"htornindtho ruotlaocourl
at room pressure at the beiling point or sul fup ohhrid-.
Unfortunately the reastion ig slow and it is nod adviged st
the present time for the produsties of the chleride, md’;
predugt obtained has to bs purified of sulfur and w hm
uoonn-hodthininamhtrorm Oncwinwlm
the extrastion of excess sulfur with sn excess of sulfur

"chla-ido, followsd by carbon Mrlchlorj.dl axtregtion md

fimlly deying. The secend imvelves sublining the sulfur
away from the Th at a high tesperaturs in vacuum, Both
these operations can be carried oub in s short tim\ and
yield a pure mga preduct, However, it 1s necessary te
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avold losg in the subliming procedurs and it is risky %o use
the proeedure in which a large amount of valuable T4 is

heated in vacue %o remove sulfur. A breskage at this point

would result in loss of a large quantity of bsta feed. Ve

have investigated a large number of other methods which
offer possiblilitisa for chlorination of the oxide. These
are described in the Radiation Laboratory reports. None of
these need be mentlioned here &s they‘appear to be of no
spaclal significence for the bata procsss. An 1mp6rtant
phase of the chlorination 1s the preparation of the oxide
after 1ts purificetion. Either T0s or TO; can be used in
the wvapor phase procedupe, but TOg is required in the liquid
rhage reaction as it 1s presently operated. If necessary,
Ts0g or T0p can be reduced easily with methane or hydrogen
to Ton. In the Davis reactoﬁ this would mean a prelimiﬁary
treatment in a tube ln series with the chlorinaticn tube
into which the freshly prepared TOa would be fed from the
reduction chaember. Any kind of oxide, so long as 1% is
reasonably dry, is usaful for vapor - phage reaction, but the
oxide wsed in the Kraus reactorvneedsiapeoial treatmont .
A1l these points have been digecussed in the report on the
elpha proceas.

£, Salvage

Thls 18 an extremely important phase of beta operations.

It turns the beta operation from a semi-quantitative system

intc e complete recovery scheme. We heve to deal with several

types of salvage operatlons. ;NG| KSHFIED
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with selutiens very dilute in all metal ceastitutents,
inoluding T, This escurs inm the candesate frem the evapere«
tien stage, In another phase of the operetiens, w are
preseated with selutiens consentrated im melallis impurities
such as iron, and dilnte i 7. The third type of residue is
selid and oevere all the tumgates and carben and ergenis
residus invelved ia svapsratien frem salvege operatiens on
th-mmunm-u. w.m.mmumumhu-
fop handling these sases., The first is the carrier precess.
‘wuwwammp‘nununmm
uunwtuu!.mnam.uom»mm
fluoride 1n seid solutien, s nekbed is recemmended for
either the firet or secend type of salvage eperatien. The
'secend nethed invelves elestrelysis of the selutiens and
Tessvery of T from the elestrelyssd miutien, This mthed
1¢ reccamended foy the sesond type of salvige, The third
methed invelves use of the Anberlite iem exchangs resia,
This material, which is -uu.-au-m.np.x:.. |
«pm,nmm-uaumamd.hnmm'
mmmmmm&m:-mm.mm
inn. xﬁohl.. chromium, md 7, -1m-n te bt precagsed
umthmahthcudnuau-tmuiumm
ulqutham“huituadd. notdhd‘ﬁh
pu«dmmtobodheuudn:umunpqt. _
:Mmthodhthoothratmuanhndhm.mm
sectim, Aunbiu%otwcrdldthmuth“hcm
mn:;mquumwofmumummawaglun ,
salvage. g.“-sCLASSIFI‘ Tﬂ%cﬂ
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m@hnmwm beta ayels requiring reprecessing
huxvhp 1s the evaperater cendensate, If 1§ is deeided

" %o remyels this baek 4o the tank was ( as new appeare

posuidle), the bulk of the salwage operstiens esases te exist,
I this 1 net the ¢ase, the demdensate am be weried ever
with the jathanm flneride precedure, (Ons requives abous
0,05 te 0,1 grems/liter of the lanthanms ealf,) The flueride
ummﬂummumrmmun
Whmmm«nﬂmbm

ueual precedures ( 1,0, cerbenats, ether, ote,), The

Asberlite exshangey cm alse be wsed s this peint in
preference t» the carrisr presedure, mmthuqdn‘
18 % rwn the selutien thweugh the exshanger, digsarding the
offluenh after nicre tests show nme T te De present, A tod
of IN-1 sbesrdent twe fuek desp and thres feed in dameter

19 sare than adeqmte 16 hadls the bets eslvags foy thie’

particnlay condensate, mmuummuum
Muu-—ﬁmuemm(mwi,
NMMMMTUO““POM
umrmrwchMpae&
we, Otherwise, here as elseshere 7 from the maim bets
dyole em be added g carrier, In faeh 18 mighh be advene
tagesus to reduos efficiency in the main bets operatione

and tura the sslvage operstion inte merely & secondestage
mnhdulmm. The experience with X beta X
uumwmmnxmmcmu

woeked 1n, UNCLASSIFI TROLLED
NFORMATION
o7 geaRel
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The salid rosidwse encemntered here and there. in the
beta Srocens will nob {m all Mkelihood omtain sigdfisant
questities of T, 1% de cxpested had teedstube operations
by ene o twe good emalyiiesl chendsbe rill de adequte te
handle this phaee of salvags, ™e material moed often
enscunteryd hare will te grephite from B temes, slite, ste,
I8 w1l be rmosenary o pulvwrise and ash the sarton after
whioh the ash centaining T i dreught inte solntion and
purified eitder saparstely ov, 1f 10 wpweladls imurity
18 preswnd aftey the carban has besn burnt off, the T cm be
added dismetly te the min ayele, The f1ierates fron
presipitates ant seprecipitodions are madieet to the sare
generel pEUcedures o8 thess outlined for the eveporatoy
condensats, nmumguwmgmm
tecknique end alsetrelytdo alsanup will Amdle the bulk of
salvage with the imn=axshings 38 & fimal dleenwup i3 al)
mﬂauw@WMMfwn&nyby
o op the other of thn mtheds deworided, | | [

da.ckieening dn the Jete frogess

AS all times 18 W11 De deeivadle te have some noties
of the amsunt of material in prodess, ' This requires cosurate
dstarainstions of the 7 ceming from the alphe B's, Tere Wil
be & large meoytainty as to heldup in varicus parte of the
‘beta ayole which W11 rendey 18 impessidle te chech on whether
any absalute loss 1 coourring, ™e el that com be done
1o to min the entire ayole & closed mysten with rothing
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- mkyup frem the alphs stage is alewh 2 pap et of the olrews
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leaving the plant mtil the salvage arew hae sscerdeined
thal no 7 15 Deing tiwowm away, e have deasrided 8 precess

© 1a this report which esphasines sinimel heldwp, Ve san

satlnnte how mualy this holdup w1l be ab equiditeiwm, In
the B frem alphs, no mere tham Ol P omt of the datly
outpul Wi12 de held back becswss of the selubllity of the
presipitate, Thg s entiyely nesligible since the tetal

mmum;nmmm Tud 1g, the Meldy
in the alpha R's, a9 a2 s e lota madhings ase wmnserned,

180 12107 o2 3 per carte The Daldup in the bets mchines

will run between 5 and 10 pay cend of the dally precessed

“material, Thds should be ly £a¥ the min chesdeal heldup.

et of this 18 resovered o8 iztervals with the seid wash,
Toe Aentead heldp In he whire evaporater sesqueee 1s
ne 207 than the wntents of cne B hetdle { 1.6, cne pemnd),
Actually abewd 0,3 1B, heldup 18 expected tere, Ts 1s
0s2 por and of the dally procese, feldwp in the casestte
ad fllter nid 1o megligitle (Jass than 10™F of evapevstep
heldmp)s e large dhiortnation resster will require &
heldup of abeub 1/2 to 1 powd, Tde 14 the wed Lkely
place for tie min ohwmioal heldwp after the wesh eperation,
Ia any case $8 aan be seen thed the chemisal ayele will
ocontribute very 18itls to the otal heta holdup which is
wnountered, mainly bessuse of the lew rwocess fastor in the
hunml;rwwmdhdboﬁfﬁmnqnﬁdh
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letter Maj. W, B, Kelley %o Lt.
Ool. Jo R, Maheff - 22 Novemder
194} « Pile BIDYE -0-230-aa MS

Letter Gol. Rulceff te Dr, Burford

15 February 191;3 BIONT 1-b

Centraes No, Wo7,i01weng-;3 Johns
Hopking University 12 May 1943

Coantrunets Jo, W=71i05-eng-Thi Purdue
University « b May 1943

8 , of Speeificatiens and Cene
strustion of XA Bquipment: 17 June
lm ruc R, Le 21.6.10

luﬂ-u of Alpha and Beta Operte

‘ens 8i%e X 3 April 1943 Mlee

Y-u Uait Chief's ”ﬂ -
June I9LL,

Pinal Report em Alpha 11 loomw
9 hhnu’y 193;5. Pile &, L, he9sls

Repors Operatiom of Tamk D-1
:-li:; ..°'1'; haguss 19k, - nio R
Se

Peorformance Tests on Magnes Nodel
A =l April 1943 « Pile R.L,27,6,2

Perfermanee Tests on Magnet Model
:;iz. - 15 Augu-t 1ol ~fle l.l..
L ]

hrhna o0 Tests on Magne§ Medel
lniud 7 Oetodey 19l
Hh .ok ﬂo

Design of Magnetie Shims -~ § Jul
191;;‘: rile K1, ;5.4.1 -3 My
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:212- ’: 20 July 1943, Mle Rk -
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High Potential Souress ¥ied on Pel
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APRNDIX "B3°

aLoSsARY

Alphs, - Code zame given to the plant separatica presess wileh
eharges nermal uuh in%o mass spectrograph and preduces muhd
ureniwe withk a Qmounun o! m; B=235« '

upu X refers %o thc first n«m speetrograph
desin (m An. A6). Alpha 1% nton to & 1a%er mere ohbont.

spostrogruph- duip (Bu lp)‘ A8),
Bete, - Code name given to the p!nt uprluu prosess whish

eharges enriched vcxl. abuind from Alpha ov the Gas th&u Plants

inbe & mase tp«trogrqh and pndu«a nearly pure urenium I35,

w‘v o A urenium sal¥, wanivm tetrachloride, whieh
1s charged inte the mass spestregraph %o be velatilised by heating,
ionized and ascelerated Shrough the mgnetis field of the spestre-
creph, | | _ ‘
N w-dmm semaisting of & powerfel magnet and
speeisl high voltage equipment whish is used te preduse stemis or
subatomis psru,ciu. '

Eariehed Natertal, ~ Urenius salts or uraaium metAl whish sea-

tains more than the naturel amcun$ of isctopes U-235, that is, more tham

Ou?he

~ lsctepe. - Eash olement i1z made up of atoms ehemieally distine
guishadle from thl atoms of every other elemmt¥. However, most ele- .
nents, themselves, are made up of twe or more ﬂmlof atems whioh
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Rave slightly different masses. These atoms of differing msss are
oalled igetepeg of the element, |
© Lisers. - Mewl enslesures attashed 0 & frame werk spperted frem
fase plate fer th- maes spectregraph ien bLeams %9 proveants less of vrenism
-unﬁ-un ta%s Ahe veeuum tamk o» bim, A”n‘u A6 shows & pieture of
an Alpha I unit;: An Alpha I liner is & elosed metal mh!nr, Semicoirw
culay o l"thi).,l'lih ‘She open nn.or the wmis l!.zm‘h Ab, Alpha 132
41¢ net have iners, ‘ ; -

- Biguid Pase, - Neshode of proparisg W1y in shisk D03 is eharged
e & reseter bogether with & 1iquid ehlorinating agent such s 0Ol
e reastion 19 breught adeut dy heating the mixture, usually wndey |
presswres - . |
© Masg Spestregrap. - An instrummt used Ve aeparate isetepes of on
olement by iemising and secelernting them in an oleotrien) 1014 se Wb
the heavy isetepes fellew s alighAly different path \hda e L1ghe isstopens

 Spase darge Limttaties, « A phencacns seearving is veews tubes and
siler elestreanis oquipnent when u-xy formed ims are ..;.mau by aa
cuomam-u. Mcwmummmunmumu
1ike sharge, mhmo retard whe isn flew,

Ursnius 239, « Atens of uranium vheso mase, cempared 40 the mass of

the hydregen atem, is 233 wmits, Naturally ocseurs as adeut 0.7% of normad

Sranium 237, « A radicsetive wranima i;ohn, not aadurally essurring,

whiek is predused by bembarding nermal uranium with neutrens. |
Yapey Piase, « Nethed of preparing “1& eharge material dy heating IIO,

is & tube and allowing hed waper of 001), o7 ether chlerinating agmt %o fleow

Wth’ﬂ,. SE
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I Nagaeh. « Pull seale medel of the Alpha magnots whish ws
senstrested ad UORL for early studiee. |
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