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c., <zmas of personnel invoelved in the boron procurement activities

nay be found in the appendices to this chapter, and in other volumes of
the Hdigtory, to which references will be made hereinafter, Those who
sere nost concerned included the following!

Jr, J. R, Oppenheimer, of Los Alamos Laboratory;

Dr, H, C, Urey and Dr, dartin Xilpatrick, of Columbia
University (SAM Laboratorias);

Dr, Cyril S, Smith, of the Horton Company;

Mr, B, G, Seubert and Dr, 3, ¥, Thiele, of Standard (11
Company of Indiana;

“aj. Gen, L, R. Groves and Lt.Col, J. R, Ruhoff, of the

Janhattan District,

2., Columbia Univeraity, (Refer to App, A-1,)

a, In ¥ay 1943, the request of the Los Alamos Laboratory, described
above, was dlscussed between representatives of Columbia University and
the adison Square Area, That discussion resulted in arrangements where~
by, under Contract W-T405~eng-50, Columbia University w:s to proceed with
the necessaryfresearch snd development for the production of 500 to 1000
pounds of crystelline boron of normal fsotopic content and 50 kilograms
of crystalline boron contalning not less than 90% B0,

b, The need for this work had been anticlpated by personnel at
Columbia 2nd four months earlier (in January 1943), under OSRD Contract
¢ i‘er 412, research on the separation of boron isotopes had been started,
Jhat research had resulted, in April 1943, in the diacovery of a promising

nethod of operation, 3uch a method of opsration was still being investi-
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oroductlon applied to material of normal isotoplc content =ud was
:ccorplished under Contract «7L0S-eng=292, sffective 15 Junuary 194k,
at 3 cost of ;H3,000 (See ook YII, Vol, 1), (overnment-owned raw
material, which had been obtained from the Jiagsra Smelting Company, was
supplied to the YNorton Company for their process,

Confirming records end supporting data for the Nortom Coupany parti-
cipution in the boron project sre, of necessity, extremely sketchy, as
asrilcular care was exercisod to prevent general knowledge of their

agtivity being divulged,

4, ‘he Aarshaw Chemical Company,

+he darshaw Chemlcal Company was selected to supply raw material
for the Standard 011l process of the boron project. Contract W=Jui0F=eng-
289, effective 15 March 194U, called for 2 supply of 850 pounds of
"synthone" per wesk for six months, starting 1 iiay 1G4l, "Synthsne" wus
the code symbol for boron trifluoride contalning not less than 97% of
BF3 of as constant purity as possible, Subsequent supplements to the
contract increased the gquentity of raw material to & totel of 52,450
vounds, &t a total contract price of $72,770 (see Book VII, Vol, 1).

Rew material delivery was completed 1 March 19hb,

5. Stendard Cil Company of Indiana,

Jhen research snd development at Columbia University had progressed
to a stogae which permitted design «nd construction of a production plunt
for the separation of boron lsotones, contact was nade with the Stondard

41 Comusny of Indi-ma (App. A-2, 3 & 4), That compeny indicst~d its
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aroapznt o certicijate in the nroject nd on 5 January 1554 :atered
into Joatract ‘=7l3-eng=Bl, The coatract was affactive 18 of 2 “acember
L1543, she contampl.ited work consisting of tha dealgn, 2rectlon -nd
operution of 2 jultable production plant for “he separatioa of horon
isotopes, In atiition to the above work it was understood that the
3tandard C1l Company would undertake work directed toward:; incressing

the certsinty of the sarly success of the propcsed projecty trsining

of tachnical znd non-tachnical personnely andy astablighing sn :dsquate
gacurity syatem,

A goneral hiastory of the contracter's activity in meeting contractual
raquirenments 13 provided in Appendix A=5, That history of the separa-
tion project describves: the work objective; selection of the production
contr-ctor; nlant design featureas; initial operationg supplementary
wlznt considerstionay and the then future posslipilities of the process,

" 3jor srodlems wvhich «ffected schedulad production rssulted from
difficulties in odtaining desired construction matertal (ipp, 4-6), and
the inadvertent iatroduction of mercury into the plant system during
the lank test srocedure (App. A-5). The latter difficulty vas considered
to e quite serious {n its nature und led to the erroneous conclusion
that the initial plunt would he unsultadle for production and that re-
placarent vould b»e raquired, Iater onm during the contract a corrsctive
nesgure ¥ag discovered and the originsl plant proved to he opersdle for
yroduction purvoses, |

Mring the n2riod of operation, = totazl of 736 zallons of heavy
solymar ing produced, ppendlx A=T7 orovides letails of toezt producticn

ia segura to lot iuw:ntitles, sercent of heavy polyner for sach lot, ete,

7.5

..












R p——
Tile 160 (¢0

J - 31‘/. 5
Pz-e 2

The Scparation of ~he Torca Isofcues -nd the
Production of e%alljr 3cron
Firal Repo:t Subnitred in Acco_rd’unca vit's t e Terns
of Contruct W=740%, eng=50
Harold C, Urey
July 31,1945

I. Historicul “eviet

In &y, 1943, the U.S. En inecr Corps of t'c !‘ar Dopartment roguested that
the nccessary ruscurch worl be undsrta cn to deterrine motiods for the raduction of
cerystelline oron., In acdition to sore 500 to 1,000 pounds of erystulline Lorom of
nor- al isotonic content, a need cs Indiecutod for 5C l:ilo.—ans of cr-stullinu horon
containing not less t an 90% of 310, Fortunately, i’z ~eod for th 3 :ate.ial had
becn partly ant’cipatcd at Columb a Universit, una r-scarch had cen 3.aricd in
Januarv, 1943, on thw soparation of tic boron $zotoms, umdor C,5.R.D, Contruet OFM-

sr 412, In Awil, 1947, a pronising eilror tad ecn discovered at Columbia, and
was unc.r investizatic-,

A pilot plant " as set up to cccummlute en ilicer.n data nceissury Jor the
desien of a plaat +hich tould sopercte 300 grass of MO por duy, In addition, a
rescarci: ~ro en 28 ‘nitiated to stuty vurisus evhod . of reducinz boron conpounds.
After 2 survey, expe-imental v rii on tne reduction of Loron tricllo.id» Y hixdrogen
ang of “oron * {flucride v scdiun, ' as earrizi out, The et od fi.ally chosen vas
the r duction of borea t:ichloride My ‘varcgia on hicted roilds, anz tihe d.vclopment
vorit s carriced vud dn coowkiration uit: tho Uorten Coipaay. The use of t is rstihod
iavolved t.¢ production of boren tolenloride of alsy purity, The Uic-are u:clting

Comaany unwertock thia .or% and ooc ucced sulficten’ U-ichlorice Zor tic nruduction

of the required :mount of crystarliae borca., Thiisa will .c3 cor:lcted by tho worton
Conmpany by tic end of =&y, 1944,

. In the acantire, the nilct Hlunc or™ on the saperuation ad Torrcsscd to a
stage where the comatruction of a nle v could e un =tz o, avl in Hovaiber, 1943,
the design, consirveticn and oparat.o- of a Dlant “ac . ade the -c3apeasihilii- of
the Stundard il Copay of Inddurz, A8 thae soxrated nrocduct :ns Lo "o cinethyl
othereboron trifluoridc co-mlax, (Q: )20'1!' » t vas necessiry to udirtely rescarch
on tie conversion of ths corjound aomn’t.richloride befcre riduciion - ith hydro=
gen.  In additior, fucrtiwsr reseacch vosii a8 nceessar:s to add oo -coants fo tihe
rzduction step. .. pilot nlant ras sct up 2t tihe Coluwbia lado-atories, ~-d the
develemiert terk ves carricd sut tith thc anorican Cananid Comatn . This co maye
ho;un - ork in Pa'ru.rs, 1044,

After s dclay duo to oparutionel difficultics and accidentul introcduction
of “creurv {nic te nlunt, uroduction of separated horon as tig :di:cticl ctiireboron
trifluoridc co ~lux bean in Jaruar, 1945, »nd vas epmplited in o, 1945, The
arericos Uenerid G rany plant edmpleted tie rreductinn of errstallince -nicluct of
sneeificd purit 1y June, 1925, Txoorirezziul sir slcs of 544 -ore prooertd la toe
nilot nlaat ot CAlu b a, '
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5. Valuie 't - . fra-tizpati-n fa-tor,
D, Stability of cormplexes
l. Decompnsition
a, Rate of forration of methyl flucride
t, Rate of accumulation of methyl borate ccmplex at ~ic tcp of
the column.
ce Manometrri~ mothed
2. Peroxide formacion
1, Effert »f w3 er
Z, Fhycizal properties

1, Vapor pressure -f methyl borate, diethyl ether complex, dimethyl
evisr ~crmplex, and methyl berate ~orplex

T heat of vapcrizati n ~f dime<:yl ether ~c-rlex

B Tergltr o of diethyl ann diretnyl etrar comrlexcs
ity of dlet yl and dimetiyl erner nonmplexes
e Lp= ifiec rear f . dimennyvl etner corplex

A, CZoarary f i aical Lroyerties

Fo Operacion of tio Srer1ar oolumn

I+ was found <rar 100 o0, r Ddl o toron, eonld oo srparated by a ccunt-r-
~arrent di,.iliaticn of 2 disco iy~ ryox o ouclyrer, This novel - ethod =f
separating ioocopes w1z 0 oo o oo boron Douccres and frund to be suercessful,
wiwn an svorall Loe-step oY clener oUE Lo nly warge o raxke the netlod very ate

rrac<ive from o botn ar ey in erinye oard pare ly solenifie peint of view, This new
3

“vriot of 5ooarat o on Loy o e ey, ot UL omer dimited in any way o che hroron

Thon ceneed v s L T e jarge soale ceparation of the boren

tOpus.  Troplawet il owlirootes ticl utie - orplex (CHB)20-EF3, which has a
sirple frococs fractiopatt oo vos e of 101k 0,002, In order %6 ~ake this retind
of © rarutir,s o corom oooct g of priecis 1 importance, 1t was necessary to find a

|
“he “F3 from the ~omplex, and this was done. The

mothe i of recavorsing quuntitatively
i rihet IrTshe repors, as well ws the lerge seele

word oomoo laberatory calr 1o des
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. mplex, accurate detearnmination of the a (the simple prcc“‘s ‘ractionation
- . are discussed in the rzpor:s, as well as data necesaary ©or proper design

lant,

This work was under tho dirnction of Drae R, i, Crict ~ni ll, Kilrutricke.
‘h *he rasenrch was dono by a sroup working s o whol:, £ir e nv.nicnco
> of oparatinn, this group wri3 divided inte twn s.ctinns, ~ ~hemic-1
h secticn, and nn cneinccring sochione  The 2arly oricrntin: wnd inv - tiga
« rk was donc by the ch.mi~nl s cticn, but upon th: “ormal - o4 hlickm nt of

’ “sinsering sactiron, the werk s geparated inte che ook 21 silic ti ng of
~d .ngincering rosecnrch, counlly,howev.r, scms ~f th. oromic-l vk wis
i . uy the cnglinceering urit, nd vic: versae Towmrdr th nd -9 'r. r : -rch, the

c% .rnl group wns dissolved -ind the tork, mostly purcly npoin erioge, o 0 one

rnucd by the engincoring group al-nce The chomicwl romearch soction wo under the
supcrvision of I, Kirskcrmboaum, wnd the cngl~cring coczi-n w5 und.r Fe 77 Schute
and N, Sabie Thec cxperimentzal “rork was donc with ths help .f tha €011 ~ring confor :
rosoarch chomists and ongincerst Ge Banikl tes, T, Cr:-:11, Ds Ae JaCrnlyy, i,
MHsansky, and Te C. Zmachinsky, aid:1 by a staif e:n-istiap ~f Te Bluir, e Bogash,
A, Cirmin, 7, Forsythc¢, Ae Kivnick, ife Kcpp, Se Lrvin, Je Shcdlcsky, " Themuz, and
J. Urbane

o .,10 11
i

“hon tho plunt for the sop.raticon nrd 2 1ovel pad 1 Ticulti_s

duc to the lenkage of watoer int. -k~ nyst.n, Ore Sehutz ~vd 7, 7 rey*the aad D,

e lnalay, were omploycd by the S5 vlrd 01l Comprny of Indicn,  7ith this inercase
1 pors.nn:ly, the varius difficul-ics .f the plnt werc soived o0l 2o plant put
inte pr.ductiine Lo 32bi ~and ™y T, Zrashincky alzo aopont sl sins ot the TThiting
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complete conwersion of the stasting ~orom campomnd to boron me*al. JAn initial ex-
xninatisn H>f ¥mowm reac-ioncs for ~he prefuction of boron lisclosed “ant of them all,
tho reastion "Xg+ 3 I+ -+ 3XEL(, ~here X is F, J1, I or I, would bo oxpected to

P
sive the purest product because o7 <k volntility »f all roactants and products
exceptins heron,

The equilibrium constants rfor the reluction of BFs and 3Cl; with Hy were
cemputed appreoximately from d:ta availeible in <he literature, Tho crmputational
rcsults .confirmed cur ~xporimental c-udic. which showod that 3F; was not and BClg
was reducoed by Hy on, or in “he neighborhosd cof, o surface ot 1,300 to 1,500° K,
The compufatins gave for the cquilibriym cunstants at 1,500° K, for BF, and BCl,,
20t x 107 and 1,3 x 10™ resprotively, The reluction of BBrg with Hy wes found
to occur as onsily as that of 3013, but tho bromide was less readily availablces

Sxpcrimontal investigntions showed that undor propor conditions the boron
produced by reducticn of 3Clz with Hpy i3 erystnlline and of greater than 99 atom
per cont purity., Also it “ms shown that tho unrcduced BClz (tho yiclds woro alwnys
lass than 80 per cont) and the B combinod with the hot surface could aliays be re-
coverod as BClz and reuscd, resulting in very small loss of B, .Apparctus was dce
viscd for tho commorcial productisn of 600 grams ~r morc of B por day, .\ pilot
plant for carrying cut this procoss w.s ¢ nstructed ~nd cperated,

The axperimental w.rk v~z carricd cut under tho dirccti-n »f My Kilpatrick
Qnd C. A. }hltchiﬁon. by J. 3. -}mith. R. Se Sch".’f‘-rtz. E. Kftlich!ﬁm. J. L. mmﬂ.
and R, Reider,

De An inveatigati-n .f alternato metheds £or roducticn of
ber.n ¢ mpounds

1, The preparnticn of biron by the roducticn of boron tri-
fluorido with s.liun.

4

le the batch s li'm methed and owrly oxporiments

be deth .15 invelwving th. cinmultanccus intreducti-on of
sodium -3t r.on triflu.ride ‘

2e¢ Tha proparnti.n . f L.r.a bv the roductioh of sodium
flusbsrate with s iiunm, :

3, Ex*r~cticn -f s dium fluoride by wnter frem the rozction
pr.oducts .

te Preparati:n of beren by the reduction of boron “rifluoride
nd s21ium fluoborate with alunimm

Priopapti-n cf brron by tho reduction of bcris anhydrido
with active motnls

8. Tho high temper~ture purificaticn and consolid-tion of
wnorphous dor.n

It was the objeet . f this resuarch pregram to dovelop o chumical mothed
for thce producti.n >f boron of high purity, Initially, tho cbjcctivo was to priduce
boron oithar an.rphcus or ctherwise of at lenst 95 atcm pur cent puritye latar this
wag rovised to ccnsclidated or crystallinc b.r.on >f 39 por cunt puritye, 7 rk vms
directod townrd nchicwing this gcal by two methodas (1) A two=siogo prec.ss
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wherein arorphous boron was first crepared by some simple, dircet chomienl method
that was taen followod by a purificaticn and/or consolidation troatmont at a high
temperaturce (2) A single-stago proccss whorein orystalling borom or consolidated
borcn of high purity was prepared direcctly by the intoraction of froo-.sodium with
boreon trifluoride at high tcnperaturce

Prinary omrhasis was placed on tho tochnique of proparing boron rather
than on tho comprohonsive study of tho purity of the products obtainod or their
rocovery, This wns particularly ovidont in casos inwdlwying the uso of sodiwum,
where the handling of the matcerials and tho type of equipmont usod proved to be

th>y greatest problen,

This investigation did not yiold suitablo poaitivo rosultse The diffi-
cultics cncountered with cquipnmont and handling sf matorials prosonted obstaclcs
that wiulil have nocessitatod a lung=tcrm resoarch,

This work was done under the gonoral direotion of M, Kilpatrick, J. 8.
Scevack =nd A, Kurts, assisted by H, H. Starke, T. Clarke, Gs Cohen, S, Federnan,
M, Hanig, M, Tctenbaun nd R, Ullmnn,e

III, \m lxticnl Methods

Mo Spoctrometric Analysis

,i?

A hoavy notal nnss spoctrometer was used for tho first work on the

isotcg: analysise This instrumcont was used to get the nccossary fundamontal ro=
sults . om which a nwre sinple satisfactory rcutine meachine could be dosigned,

After the basic annlysis mcthed had baen found, a special instruncnt was
ccenstructed which wns then used for r-utine apalysis of 310 and Bll compositions,
Fellowing the completicn »f this instrunent, 2 second machine for rcutine plant
control was found nccessary ~nd c nctructed ~ccordingly,.

This work was under the 7.reral iircction of Me Go Inghron and J. Se
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