= o AN P R

52653 SL. 024

.._‘—1--—-@-——.'- r(l‘!-"&"":":'i"—" "“&‘:D' T R‘

02 66 * - 9808041023
Other Technieal Health, Safiety, and Envirorament Studies and Reports

FUEL FOR THE ATOMIC AGE

Lompletion Report On St. Iouis-Area‘
Uranium Processing Operations, 1942 - 1967

Fleishman-Hilliard Inc. 1967. Fuel for the Atomic Age, Completion Report on St. Lows I
Area Uramum Processmg Operatlons 1942 — 1967 September

200.1e
SLDS2014AR_01.06_0011



MEMORANDUM §826983

LocaTion ©.&, _

oate __Mazv 2 ,@)
JoB No. __1MSDY .33@ 1155

‘ '!!‘CT BAC‘K&&‘-‘U\H \\'90' ST. LOU;L nﬁm FILE

-
£73
PR
BRI " -

l ThE_ _ArracHen  Rewdry , | FUEL _Fov_ THe
& ATomic  _AGE", wAs __bemv  ReEcevEn  ERom
l devny bauvq o -me  Devarrmesns e Ewvency,

. THis Hps  Bews Fonwanpem YU s fon Qur

Weogemamiom_ __Awvn_ . USE ,

J'_)_Tﬂnﬂv T i

1} :

|4

-l-——. __Proyeck Eheyiveersng - Reconss File

{ c.r, Weckey

S D. Liepd X




wlk /2w
- ;

o et o T T

TABLE OF CONTENTS

Section I, GeNELAl SUMMALY ecccccocccotoccenasceocoseonensesn vecen

Section II, Technological Developments

Part 1,

Part 2,

Part 3,

Part 4,

Part 5.,

Part 6,

Part 7,

Part 8,

Part 9,

Part 10,

Part 11,

Commercial Reduction and Casting of

Uranium Metal....

P 2 0804000600000 0sa0stserrsLeertesae

Development of the First Commercial Process
for Ether Extraction of Uranyl Nitrate......occeee.

Development of the Continuous Ether-
EXtraction ProCeBS8..ccneeeccncecccoannsnacasocosenna

Development of the Tributyl Phosphate-~
Hexane Procees for Uranium Purification............

Development of the Pot Process for Converting
Uranyl Nitrate to Orange OXide......ceocsecucacanas

Development of the Fluid-Bed Denitrification

System...c.veaceea

Development of the First Factory Process for
Producing Brown Oxide......ccevevceccncccancas ceseeen

First Factory Production of Green Salt in

St. Louis........

CEC R LI I I A 2 I BB B B A A A A I I A A A A N N I Y

Development of the Continuous-Process,
Stirred-Bed Reactor for the Production of
Green Salt and Brown Oxide....cceecomavennn coeveacan

Advances in Continuous-Process Production
of UF, / Development of the Integrated

Fluid-Bed System..’............'.........'.'.......

Development of the Dingot Process for

Producing Uranium Metal....c.cveeesceccncoacancnocoe

Note: Original page missing. :
preparation of this document for inclusion in the
Administrative Record.

98742
7/28/89

This page was recreated during

i8
25
32
42
49
59

65

72

81

96




Waia

e,

s D
s ioricizd

p W el a ws et AE s o AR ay My O a A8 o G B

952653

‘Section II (continued)

Part 12, Development of the Electrolytic
Reduction Process........ tecasssasssssasne

Part 13, Miscellaneous Technical Developments.....

Section III, Organization & Management
Part 1, Organization and ManagemenNt....creceececes
Part 2, Material Accountabillity...eeeeecoceascacea
Part 3, Plant Security...eeeevecevecacns ctecssscas
Part 4, Health and Safety.ceeeeeeeececeeraaccsesen

Secticn IV, Production and CoSt..eeeeeecococens

Secticn V, ConclusionS.iieeeeenaennsencocenne ceerens

Bibliography.Qo.looo..-..ot-lloco-li.ton.looo.cco.ocou.bc

109
114

118
132
136
144

157
164
167




952683

Section I

Fuel for the Atomic Age

(General Summary)
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Section I

FUEL FOR THE ATOMIC AGE

An Introduction to the History
of Mallinckrodt Chemical Works' Uranium Production
and Development Activities

for the United Stetes Government

"The story of the supply of uranium

is by itself a thrilling one, and

the production of enough pure metallic
uranium to do our task in time was a
technological ané industrial miracle."

-=--- Arthur Holly Compton#*

* Arthur Holly Compton, Atomic Quest (New York: Oxford University
Press, 1956), p. 90.
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On December 2, 1942, in tre early days of World War II.
tne atcmic ege was born: the first eelf-sustaining, nuclear
chain reaction was achieved in what had been a squash court undesr
the West Stands of Stagg Fleld et the University of Chicaze. On
that day, ". . . man first liberzted and controlled the power
within the atom. This evenu was knewn cnly to a few. To these
few it wes a turning pcint in history, the birth of & new era."*

The histcric and dramatic accomplishment cn that celé,
winter Wednesday in Chicago was the successful result of the
cormbined wecrk, talents, and sXills ¢ scientists, engineers,
technicians, and others working on re’ated, super-secret project
in various parts of the nation.

One of the mcst impcrtant rarts of the hush-hush
=cientific-industria comrlex was the uranium project at the
Mzllirnckrcdt Chemical Werks plant in St. Leuils, Misscuri., Its
WCrk weas & v;:a; ink in the chalin o7 act‘"lu&es which led tc the
birth, ernd subtsequent deveslcrment end advencement of the gtomic =~

azz.

Tris document is g pistcry of ’“e Governm-nt's urgnium
c_era:_ons in the St. Louls arez. CIffizially, it is a "complezisn
recer! ues*r‘,;ng Mellinckrsdi's operatl cn from July 1 19L4:
t&,éugi Jure 30, 67, under Corntrazt No. W-14-108-ENG.-B for B
the Urited States of Americe. To FPrev ide perspectlve, ube rsLexs
discueszes significant eventis and ac::v ‘ties from Martiin Heinricn -
Klerrcoin's discevery of uranium in 1729 to Ma’llnck*odt' iritisl
invcivement in urenium-processing resszrch in the spring ¢f 1S-Z.
L. coqz-rhes through the termination cf the Company's standby

ract with the AZC in Juns, 15¢€7.

Figure I iz a ¢chart swrmard z_rg the major ccnTrituzisins
cf the Mellinckrod:t crganizezion te =ne Govermment's uraniun
precessinz and deve_siment effcris i: The St. Iouls ares cUrinz -
The Z3-yezr pericd from Fuly, 1CiZ, shrough Junmas. TTET. oo
*Thid., p. 139.
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TWENTY-FIVE YEARS OF URANIUM PRCCESSING AND DEZVELOFME!T

MAJOR CONTRIBUTIONS BY MALLINCKRODT CHEMICAL WORKS

-

* FPirst Commercial Procese for Ether Extractiorn cf
Uranyl Nitraze

* Pirst Factory Froduction of Orange Oxide from Uranyl
Nitrate

* First Fazctery Process focr Prcocdueing Brown Oxilds

. * Zarly Prcoduction of Green Selt - -—

' # Early Commercizl Reguciicn end Casting of Urarium
Metzl

' # Pirst Stirred-Bed Rezctor for Continucus-Process
Produeticn of Green Szlt and Brown Oxide -

* First Commercial Contiruous Ether-Extrazction
Process . .

* First TSP-Kerosenz end TE2P-Zexene Frocesses for
o Uranium-Ore Relining

~ Numeroug Advences in Urznium Metzl Production,
Ircluding SiIzz Lirer, d-“got-rxvru=ion. gnd
Elesctrclytic Reductison

omrerclel Fiuid-Sed Denizirz=ichn

-~ First Ln»ezr_..a. fertiruous-Procsss Fluid-=eld
Urerium Production

Adzption of Uranium Prccessing Equipment tc
Commercial Froduction of Purified Dense Theria

* Continucus Cost Reduction Tarough Advances in
Manufacturing Practices and Scrap Reccvery

% Consistent Fulfillment cf ARL Producticn C:

(I.

l-

————

Figurs T
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Objectives Of The Report ) -

The objectives which guided the preraraticn oI this

(1) To provide a single document describing the major
aspects of the techrnical and administrative nistory
of the Government's urznium processing cperaticrns
in the St. louis area.

(2) To explain the rationale underlying the technical
and administrative developments of the operaticn

(3) To produce an evealuative instrument for comparing
and annrais;ng present and futures operations of
2 similar nzsture.

.

P
=

Tc provide a general gulde for The establishmens
cf simiiar crerztvions in the fuzure. ’

—~
Ut
~—r

Tc crganize & cne-scurce referen
cf tne first mejcr processing co
cut in line with the Government'
mencs.

ce
nv

ra
ev

(E) To contribute 2 the literature in the f:e;ds c?

uranium-production techrology, nuclear ierce,
chemistry, and techricel and a”tlilSurat‘VE managzs-
ment.

The reczort is writtern in a semi-technical tone to meke iz
meaningful and useful not only tc persons with technic l casxgrounis,;
but aisc t2 thcese whose orientations zre rot primeril gonnicel.
Summery ané Crzanizsticn Of Trhe Repert T . = L

This report consists oI five majcor sections. -

Trnis ssction, Section I, is an intrciucticn eni gerneral i

summary o: the entire document.

Section II, which comprises the bulk of the repcrs, is
hlstory of the phllosophy behind the mejor tecnnological devslcrrmarn: H
of tie St. Louis-arez uranium operations. The emphasis ¢f tThe msIsxriz
in Secticn II is on the rationale underlying the developments rather
Than on Getailed descripTiShs 51 ctae develorments themseivaes. The -
detailed descriptions can be found in a variety ef other techniczl
repcris ané desuments.
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Because the uranium effcrt in the St. Louls arez wa
Frimarily technical in rature, the histcry of the operatic:n i
in large pert, a techniecsl history.

S,

It tegan in April, 1942, when Dr. Arthur Holly Ccrmpzor.,
Dr. Normen Bilberry, and Dr. Frank H. Spedding approzched Edwzri
Mallinckrodt, Jr., to seek his Company's a2ssistance in preparing
the extremely pure uranium compounas wnich were needed as fuel
fcr an experimental atomic reactor zt the University cf Chicage.
The reaztcr, if successful, would echieve 2 self-sustaining nuciezr
chain regctiorn.

e

o

The whcle project was of extreme lmportance to the naticrnzl
security. Azt the time, the United States had been engsged in Weris
War II for nearly & year, and the nuclear rezactor exreriment had tn=

£

potentizl for mseXing 2 mejor contribution to the war effcri. A

P , .
i 2
- s ug

l' successiul nuclear fissicn rezcticn, ¢n a proper scale, wculd
o relesse an incredibly enormous amount of energy. ané coull przéul:z
an expicsicn ©f immense proporticns. Thne possibility that selsnztiszzs
l cf the Axis powers mizht develop & device to zachisve such =
frightening explcsicn made Imgerstive a vast eflort -- ths Mannatzen. .
Froject -- within the United Statss to deveicr such & devize ITirss. =
. It wes in thic ternse, wartime environment thet Melllincurciz _

=4 tc produce the Key urarnium compounds which were nezied |
before Iuriher progress cocuid be made. Dr. Comrton and hHis asscoliaztss
et the University of Chicego alresdy had apprcached seversel ciner
major chemiczal producers tc esk their assistance, but they all de-
clirned -- parily beceuse ol cther wartime commitments, end parzly’
tezause cf the difficulty end risx invoived in the uraniuvs-

rurilication assignment. . -
produce the nesded uranium fuel, Implire Urenius oon- -
weuld have to be rurified bty extractior with ether. Ilgrsn -
the extrecticr teen achieveé on anything but z ZehorzIor?™
2 on thzt smell scale, the explosive and errzti: o ;
£ gunsr mede tThe cperstlizn exXtiremely hazardcus. -

Zr. Compiorn turrnsed to Msilinckrodt because he wzs f
with trne Cempany’s cutstanding recucaticn for sefzly produtin
Quaiizys, rizh-purity products, arndé because he krew that tihe Ccrrar
was expert in handling ether.

Mallinckrodt accepted the chellenging assignment, and )
within 50 days, the Company accomplished the "remarkabie achieverernz’
of procducing righly purified uranium oxide on & tonrege sczls, .
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At that time, the Company's uranium preoducts included,
uranium tricxide (UO3, or crange oxide), and uranium dioxide
(U02, or brown cxide). ILater in 142, Mallinckrodt started prc-
duction of urznium tetrafluoride (UFi, cr green salt). When the
firsc seif-sustaining nuclezr chain reaction was achieved cn
December 2, 21l of the uranium in the pile was in the form of
uranium dioxide produced ty Mallinckredt or uranium metzl prepzred
by others from intermediate materials prcduced by Mallinckrodt. A
few months later, in July, 1943, Mallinckrodt started its firsc
metal plant.

During the 25 years that it was involved in uraznium
production, Mallinckrcdt mzde numercus contridbutions to urzanium-
prceessing technology. This repcri discusses mest of the
Compzny's majJor contributicns inciuding the develorment of the
first ccmmercizl prceess for ether exiraction ¢f uranyl nitrzce;
the first centvinucus ether-extrzctier process; the tributyl
rhcsphate-hexane process for urznium purificaticn; the pot rroeess
for ccnverting uranyl nitrzte to crange cxide; the fluid-bed
deniltraticn sysvtem for prcducing UC3; the first fazctory prceess
Ffor precducing breown oxlide; improved methods for tatch-type, facizsry
prccuction ¢ green szlit; the centinucus«process, stirred-bed
reactoer for prcéucing green salt andé trown oxice; advances in
continucus~prcecess producticon cf green salt by mezns of the
Mzllinckreodt integrated fluid-bed system; improved methods for
casting and recducing urarium metal; and the dingot and electro-
lytic redueticn PTCcesses for produeirg uraniur metzl.

Secticnn IIT is z history cf the administrative develop-
mert cf the St. louis-arez urznium crerzticns teginning with the
initizl elfzris in 1042 in Mzllinckrodt'’s buillding 25-2 resezrch
laborzastorsy and ecncinuing through the finsli activities at the
AEC's Wsldcn Spring facilisy in 1960.

Tnz sutjecte discussed in 3=2Tic
zaTicn znd management, Mailiinckrolt's experie
contractuzl arrangements, phnysical fzzilities
material zcccuntability, plant security, and

Section IV dezls with procuction a2nd costs. In adéd
to discussing cost acccunting, the section previcéss an intergs
rarrative concerning Mallinckrod<-AEC negotiations, arné czher
pertinent subjects related to produciion and cecstis,

Secticn V is & trief stztement summarlizing ths eonclusicns
of euthorities concerning the significance of the work accomplishex
since 1C&Z by the Governmsant'ls St. ILcuis~area urzanium operztions.
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For almost a quarter of a century, Mallinckrodt
successfully carried out its uranium-processing contracts with
the Government. The Company, always surpassing its commitments
under the requirements of the contracts, continually worked to
lower costs, increase production and improve quality.

In April, 1966, when the AEC announced its plans to
terminate its St. lLouis-area uranium production activities,
Dr. Glenn T. Sesborg, Chairman of the Commission, praised
Mallinckrodt for its excellent performance in the Government's
atomic energy program. He called attention to the Company's out-
standing record of accomplishment®for production operations and
related process improvement and development programs. Dr. Seaborg
said that Mallinckrodt "can be justly proud of the important role
it has played in the advancement of Peaceful uses of. atomic energy
and in our nation's defense efforts.”

#
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Section 1II

Technological Developments

R R P o S I S e s
SR LT |y g GEimTy T AL T T i GEREE PR (IR
'am ‘W Ny WA oe 'sw A ol am W AR B AR A We oy .




PRt

R ER B R o ou O ol Ay e AR b o W W

- .-

-8- 952653

r TZ -

Secti
re

COMMERCIAL REDUCTICON AND CASTING OF URAXZUM METAL

The continu*ng effort to procduce uranium metal has teen
the single unif y ng element in both the history eI the chemis<ry
of ursriam a:c the h’SuO”j of Mallinckrodt Chemical Works'
involvament in uranium production technclogy.

Therefore, to rprovide a prorver percsgeztive for the entirs
tschnicel nistory of uranium prcduction zctivitizs in the S%. Touis
grsa, 1T is act*oprla 2 to begin this se"t on ol the Comrleczion
Rezort by discussing Mellinckrodt's roie in uranium mesal prcﬁuczie:
even trough the Compeny's initiel activities did not include pro-
c¢uczion of the metal itself.

Mellinekrodt has plzyed an important pert in uranium
metel technclogy ir the Unitec States since .the first serious
eflorts were cirected towards the dsvelepment ¢l a2 commercizl pro-
duction rrocess. .

Tre firm Tirst beceme involved 1in the uranium-mezel
ésvelorment program 3in April, 1942, when the Company startsé wori
ic devele process ior Era;arlrg ‘pure uranium dioxide (U Gz ,0r
orows oxl ore 07 thez key’ irterxmziizte materisls requirs% in the
: I = uraniomometel. '

In July, 1SL3, the Company sterted & rlisnt to producs .
the metel izise’l. In &5 doling, Mallinckrodt beczme ore o The Tirss
indusirizZ concerns in tans rnelion ic produce ureni metel com- .
mereially, Since then, the firm's Uranium Division hes continued
to meke important consributions to improving the technology of —

uranium metal producticr.

Taskzrournc

The techno‘ogv of ccmmercial uranium rmetal productiorn as
Tra CthE" by Mallinckrodt -- znd by cther industrial firms in tothk
:ﬂe te~ States encé adroac -- was influenced significantly by
earlier efforts to prepere urarium metal.

0 .
1 -
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The first successful preparation of uranium metal wes
achievea in 1841 by Eugene Melchior Peligot, the French chemxist.
Peligot prepered the metal by the thermite reduction of ureriun
chlorlde w#with potassium metal.

Martin Heinrich Klaproih, who discovered the element
uranium in 178G, had first tried to prepare the metal by reducing
uranium oxide with carben; however, Kleproth's experiments did rot
yield the free metal. More than a century later, in 1893, the
French chemist Henri Moissan reporteé success in obtaining the
metal by using the szme reaction, bus at higher temperatures than
those employed by Klarroth.

It was not until the 1920's thet resesrch on uranium
metal preparation begar to arouse the interest of scientists in
the United States.

In 1GZ€, scisn<tists at the Universiiy of New Hampshire
rezorisd the rasulzs of research on czlcium reduection of uranlium
oxlie and oI urarium tetrachloride. Iz peart of the workX tne
resgzrchers ers_oyed a bomb-reducticrn rrocess in wnicn an
alun'um grucivie Wwithin z steeli bemb wes chargessd with & mixzure

o urenium tetrachlioride and calilcium metal. The bomb was heatad
by eicctrical resistance hezters to tne ignition temperature orf
the chargzs, and the resction fused the uranium metel and celsium
chloride prolucts. A massive lump of ursnium, which weighed
gbout three rounds, was recovered, and according to the limited
anelytical data that was pub;ished, the metal was ennpre**ty or
good quality. This process, known as the "James Process, zs
the first uranium mezeal nrocess cepetls of producing massive
ir;lj prehseting the chae
r

rm=tel of ;css;c ly gooé cus 1~y by = ree.
The method has Zarge-scele petientizl; however, It involved sevsrsl
Zactors thaet posed mejor QlS;ch"tEEE5.

Ir the Tollowing yeers, resszxrchars as 7est1n="0u5=
Elsctric Corsorsiicn and Naezel Triviizs, Ina., experizenizd wizhk
other tegarigues ol .eruCi“E vrenisis mstsl. ??:iuctior Wes ¢cn
a very smeil scale, howevcr, ené by %35, tre t3<el amounts ¢
urarium metal procducsd by bo.“ T trhes: compeniss probebly d:i
nct Totsl more than 10 pounds

Between 1939 and 1941, hoviever. the preparation of

uranium metal suddenly became sign--- ans. {’tt"%hahn andé
T#EStressman reported that the resul<s of their experiments on
neutron tombtardment of uranium wers exsisirable ty a fissiorn
TroCes=. Whsn oiner researchers ia toTa tre Unizsdé Stetes arnd
Euroce checked the experiments, nuclear fission wes confirmed,
ené some scientists envisioned atomic sznergy being achieved

:q rzattien. Subseguentliy,

trrough z seli-sustalning, fission che

& nuntber oI scientists, believing tnew ths *e‘ea=° of en o*nou-
energy tisz< upr in <he a‘om coeuld tecomes & meajor fazctor in our
recicrnel secur‘ty, urged that resszroz Oon fiuClezr energlr 52
strongly supporsed by »he Federzl governmen:. t
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Gradually, more Federal attention was given to the

suprort of an estomic-energy progream; however, there was relatively

littis effort towards the procurement of uranium metal. Uranium
mezal productior in the United States still wes measUred in
gquantities of grams or ounces as of December 6, 19Lk1. "At this
poirt." commented H. A. Wilkelm of Ames Laboratory ir his repor: -
on the history of uranium metzl production in America, "just 100
years after Feligot first prepared me+allic urerium, the demard
for thzt metel skyrocketed to pound guantities, with ezarliest

<
possinis deliveries." .

Lo

Iritisl Malilinekrodt Involvement

Thus, eariy in 1G&2 uraniwr metzal operations were
end the first serious attemrics were made to develop a

procese for procducing urenium metal of nuclser-reaczor

In correction with these efforts, Mailinckrodt was
asxsd To aitvemrst to develor a commercizl -uranium-purification
‘Trocsss tased crn the .solutilily of urenyl nitrate In dlethyl-
ethar,  (For addéizioreal dezells concsrning Mailincxrodé:'s ear.y
work In this erse, see Ssction II, Part 2.) The Mallincxrod:
process inizially was to go as far es producing uraniyn dioxide.

thers viere celled upon to cdeveior methods for reducing tre oxids)
to metel.

Some o7 the methods for preccducing the mslal reguired
urzniun tstrafiuoride (Ury, or greern seit) as an intermediate
meteri To surcly this msterial, green-salt productiorn rro-
cesses sTarced at E. I. cu Port d4e¢ Nemours Cormpeny, Iinc.,
gné Ze Cremizal Cormcany LsZe irn The summer of 1ISLizZ,
Mallinokrodiv elss startel UZ, procuction leter thet yesar. (Ses
dezeils in Ssction II, Pert E.) Gresen .szlt was then &vailable -
Srom <ores productsrs -- all uEing Mellinckrodt brown oxide.

Trng Zlrz<w sell-gstzining zhainerezoticn rucliser pviis
wes Opergted successiully banezih tns wsst Stand: of Stazg Tizlid
2T thz Universi<ry of Chizzge cn Decsxmiber 2, 10«2, ALL 0of <he
uraniur ussd in ths plls was Lo the Torm of corpresszi UZ-
groé:ced by Mailirnckrodt or ursznium mesel prepared by others using
irtermediate, rurilied uranium compounds produced by Mzllinckrodsz.

da
Evo_uzion OFf The Bzsic, Commercial, Mstal-Production Process

n
oz

Tne Stazg Field pilie was <hs result, in largze pari, of
work Ty the Flutonium Project., whizn was organized and directed ez
the Trliversity of Chicage ty Arthur Folly Comptorn with the
azslztarnce of Rickhard L. Isen and licrian Hiloerry. Thne Troject
wes given tre code neme "Mestzllurgicel Project” to provicde a war-
time <lsguise for the organizetlicr’s nuclezr daveloprment studies.
The prolect laboratory, whiczh was directed by Richerd Toer, wes
remel trme "Metzllurgical Lalorazory.” .
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When the Metallurgical Project was beirg established in _ -
February, 1942, Dr. Frank H. Spedding* of Iowa State Co"ege.
Ames, JTowa, was invited to partiulpa»e and to direct the chemical
reseaxrch and development activities in Chicago. In addition, a
program involving metal-preparation studies was established at
Iowa Stizte College. Later, melting znd casting ol uranium were
also studied at Ames.

By mid-June of 1G4z, the Icwa State grour hadé demonstr
thet grerhite could be used -- without excessive amcunts of car:
pickup ~- to contain uranium metel during vacuum-induction melt
and cesting. -

ztel
~
-
S -

-
~
.
posg
-

During most of the remeinder of 191&2r the melting and
casting at Ames were done by a process called "drip casting."
The metel charge wes playeu on a grazhite grl 1 that was located
et thz bottom of a graphite crucivie which, in turn, was sesated -
cver a grzpihlite mecld. The crucible-moid unit was inducticn heate
vacuur. in a large silice tubs. The assembtly was maintain
<ical position wiuh the induction coil placed arounc the -
the siiica tube. Duriu <re meliing-casting process,
retal Flowed from the ucible, through the grili, ard
whnich was heated to 2 temperature near the meliing
uws.  Oxide filwm, skulls (thin layers of metal), and
ere held by the g*a::;:e grill. fter casting wes
assemtly was coc.ed to rocm temrerziure sndé thnen
D resove the ingot. - .
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Although a satisfactory ms=tzod of melting and casting
rad tesn develozed, it was s<ill necessery to develop a practical
uranium-metal Lreparation process that could be aprlied on ar

indusTtriel sczlie.,

In the early werx cv. metel treparat ion &t Ames, uranium .
cxldie wzs us=2d with the cerzern rsdurzion meithod emrloyed eariier
ty Mcissen; nowsTey, The certzv ziszzined in the metal cesused an -
undesirztie trittieness in Thz zZrofuct. Other reduetante ware .
triec with the urznium cxicds, TuT nons resulted in & sa:i Tectory
urenium-metal prsparation proiess.

In the summer of 1GlZ. the zrour &% Ames obtained a sma_l
quanzity of uranium tetraflucride from the Metallurgical Projec:
in Chizago. The Iowe State ressarcihers attempted to reduce the
material to metal using cal::“" as tr.e reductant. At about the
same time -- August, 142 -~ ¢, J. Eciden, &t the National Bureau
of Stancderds, also conducted exrsriments on the reduction of UFy
with czlciumr., Eoth the Rodder experizents and the Ames experiments
were suscessiul.,

Tr. Sreiding wes one of the orizirzl grour cf three -- the others

were Lr. Eilverry and Dr. Comiton -- wno initigllsr contacted -

Edwzri Me 1:_n:£roq., Jr., =c reques: »is comreny'e perzicipeation - ,
ir. tne project in April, 1%:Z. ’
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Subsecuently, efforts on the green sait-calcium process T

were expaqaeu et Ames. By mid-Septermber, 1942, with additional

green salt available, the Ames group was able to increase the size

of the Ury ch 2s and, thus, ottiein uranium yields averagirg T
better thean 00 par cent in messive pieces of metel which were code-
named "biscuits.'

To conp‘ete the process, several biscuits were melted
end cast, by the drip-casting methed. into a single ingot. Ineous.
which were cast as solid cylinders, rproximately 2% inches in

diameter, were cut into sections two to three inches long. The .o
sections were code-named "eggs."

Wren the chain-reaction pile at the University of Chicego
waes firsi operated, it contained nearly egqual emounts of metal
from we=**ng ouce, Iowa State Collegs ané Metal Hycr;des, aud

severzl tons pre==ed cylinders, a.sd referred to as “"eggs," -
o7 urenium Al ox de procducsd by MaiiircXrodrw.

in Nore—cer, lch2, the Ames group began experimenzs o -
exgmins the poselidiliily of surstituting magnesium (Mg) for calcium _
Ir the toxt-reduction process. Megnssium, if it coulid be ussd, - -~
would cflexr & nurber of advanzeges covEr celeium. " These zivantazss
were:

- Commercial-grade magnesium would be less liksly
" to contamineate the metel.

- The weight of the mzgnesium recuired for
reduction would be ahnroxlma»e_y thres-fifins
the weignt of the czlzium reqguired. -~

- The cost of ths mag:esium wouid be approximecelr, -
Tive to ten times Zzse than the cost cof caiciur.

- The mesrzzivm wes —.1n zzslier <o obtelin Then
ca_cium.,

Txperimertel devesliopment orn ihe megrnes
cesded well, and efter January, 1i%-:. the entirs meial-productic:n
operation &% Ames empioyed the mazZneslum reduczion techniague.
Arocher chznge mede at Ames was in tne ca £ting operation. The
original drip- ca=t1 g process for ramelting and castiﬂg was rep
with a process using larger eguip:ers, ané & crucible corteinin
valve for rouring the liou-d meiszl inTo thz mold.

Tnree industrisl firms, irncludizng Mallinckrodt, studied
the meitzl-rroiuction processes develcped et Ames and used them as )
guldes ir. rlznning their own metai-~:rocfucTion operstions.
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Industrial-Scele Metal Production Process At Mallinckrocdt

Mallinckrodt started its first metal plant in July, 1¢43,
The borb-reduction operestions initially employed by Mallirckrod:
were adapted from the basic uranium tetrafluoride-maznesium bonrb-
reduction process used at Ames. There were, however, significant
variations from the Ames process in the remelting and casting -
operztions.

The first mejor step in the metal production process at
Mallinckrodt was preparing the reactor vessel -- a steel bomdb
shell -- for thermite reduction. Freparation of the bomb began by
lining it with a refractory material The material used was -
electrically fused, low-boron dolomi tic oxide (Ca0.Mg0O). After
the bottom of the bomb hed been covered with the refractory, a
tzpered stesl mandrel, with its diameter increasing from botiom
to tor, was rositioned in the center of the bomb shell, and the —
annula* zece between the mandrel anéd the shell was filled wiih ’
e*la_. Preumaiic jolting was uced to pack the refractory
ingt the bomb-shell welil. )

The next steps in the Malilinckrodt metal-preparation
rrocess wers charging and closing the bomb. First the steel
mandre. used in lining the bomb was ceutiously removed from the
regector sneil. Then the cherge, containing uranium tetrafiuvoride -
intimetely tlended with magnesium chips, was fed into the linez
caviiy end tamped. Next, a suitable thickness of the same
refra:‘cry material used to lilne the side of the bomb was packed
on tor of the Ury~Mg charge. The cerping operaiion was complezed
oy boltirng 2 solid-steel cover plate onto the tor of the bemb shell.

cerTing, the bombt wzs placed into a top-loeling
-
4

tion beitvesn uraniunm testrafluoride andé

mezneslin 1z sxotharmlz, tzs heet ¢ the rezction is not suflicient,

bty itse’s, to provids zThe fusicn nezessary to achieve a2deaunate :
separation of tne reesctlion rroducis -- uraniumn metal and nag:e-i;: I
fluorice, Ther--g*e, in the Ur,- -¥g reduction t*ocnss, the entirz

bomb weas rre-hezied in & furnsce to provide the adfitional heat
reguires to achieve compiete fusion and separztion. -

(Unéer these circumstances, thermite
reduction oczecurs when the temperature of the bomb
reaches aprroximately the melting point of the
meenesium, While the prciucts of tne reaction are =
in their melten staztes, ths dense liguid uranium
metal sinks to tne bYottom part of the bomb and
collects in 2 pcoli, and the magrnesium-Tluoride by-
product -- the slzz -- colliects on top of the pool —
of liquid mezel.)
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\fter this reaction had taken place, the bomb wes
removed from the furnace and cooled to rocm temperature.

The cooled bomb shell was then transferred to an unicading

or "break-out" arez where the shell was opered and the products

within were removed. A pneumatically operated Jjoltér was used tc
jo‘t the shell and, thus, discharge the entire contents. The
s0:idified metal was removec as one large maseive regulus, which
was referred to as e "derby," a code neme replacing the previous
code identificaetion which was "biscuit."

Magnesium s’aﬁ acher¢ng to The metal was broken or chipssi
erby’ was then weighed. For acccuntebiiiz:

loose, ard the cleaned
records, the yield from the reﬂuction orergtion wes determined by
the weight of the chipped derry., The reaction vessel was cleane;
ané recurnecd to the loaa;ns line wkere it was preréred for zanoth
"run." The 1ife of & bomt shell was pbrux*raue1y 150 runs,

this point, the patcern of the metel prerazraticn

X nckrodt closely followed thet of the operations et
Iowz Staze C

however, var onsiders bly from the Ames melting end castirng
procsss which initially emrloyed érir-castirg €gulrmernt and uves
later modifieé for pouring. -

M-
{342 O

in

process at Mzllinckrodt was carriei-
args vecuum vessel, The induction

Tre melting~cast
ous in an induction-heatesd,
h wes nos*tloned

3 (N

coiil, whic in the center of the vessel, surroundss
& grapnizs rme_ting crucivlie andéd was thermeally ang e;ect* calliy
Ingulezsd from it. A rouring hols, wiich was Xspt closef mechani-
cally Guring meliing, was i"»orpor*"“ insto the bosiom cof the
melTirng crucible. Grerhite molds wer2 mourted in the vacuum tud
2l the boititom of the melting crucitlizs. ' ’ .
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crerze haa mexuea, the pou* h ;e W

liguid metal poured into tre grepr

Three Major Process ImMDIovements

rollow-ng construct;on in 1280 of & modernized a.d
mecnanized metsl plant, Plant 6E at Jesirenan S=reet, devsloprmen:
Wers at Ma_linbxroat resultsd in thres mzjor changes in t"e metal
processing opere“ions. These changses -- which were made to increess
troduction, improve gquality. and reduce costs -- involved:

\-, -ncreasing the size of derpies endé cest ingscis; (2) carrying
cat the ast;nz operation to encourag2 v;por*zatioq of impurities
Irom the remelt crucible ané to promcte "hoi-T " of tne irgot
meli; ané (3) using recycle =lzg as re’ra"tcrj R instsel e
dclomitie line.

ege. Mzllinckrogt's melting end casting operations,
o

—_
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Larger Derbies And Ingots

During 1953, development work at Mallinckrodt's metal
pilot plant revealed: (1) that it would be feasible to increase.
the amount of UF, charged to a bomb shell for reduction to metal;
and (2) that it would be feasible to increase the size of the metal
charge to the casting furnace.

While these pilot-plant studies were still in progress,
the production plant undertook an investigation to determine how
it could increase its capacity by 50 per cent. After careful
study it was concluded that the increase could be achieved by
modifying equipment so thet it could operate with larger unit
charges in both the reduction and casting steps.

To obtain the extra capacity, the reduction furnaces he:d
to be modifisc to produce approximately 300 pounds of mezal per
charge insiead of the 120 rounds previously produced. This char
ircrezsed the size of each derby from esbout eight inches ir diaxm
ty four inchaes in length to asbout: 12 Inches in diameter by four
inches in lengtih. The cherge for the cesting furnece was incr
from 6LO pounds to about 1225 pounds. This change increased <t
size of the crude ingot from five inches in diemeter by 45 irches
ir length to seven inches in diemeter by 45 inches in leng:kh.

»

oorizetion OF Tmourities And "Hot-Tovving" Durire Castirg

The results of an extensive chemical andéd physicel inveszi-
gaticn bty Mallirnckrodt of the distritution of impurities in remelz=2
uranium meizl led to the develorment of & mejor process improvemen:
in the meiting end castirg of uranium metal. .

IT was found that the guality of ingots could be improve:s

by reducing the impurities in the metzl through vaporization and
reducing botn Tihs impurities and the shrinkege voids by "kot-torring.

Impurizies from the remelt uranium were vaporized Gu
the meital castinz procaess by surerhesting the moliten metel In
remels cruclitle several hundred degress, ghe melting point of
uranium of 99.CC per cent puritg is 2C71.4°F. Ey vacuum pumgin
and heating the furnace to 2550°F, arnd allowing the melt to out
at this temperazure for 45 minutes, it was possible to distill
residual magrnesium, some sleg, hydrogen, radicactive decay products,
and other volatile imzurities from the melt.

"Hot-topping” invclived controlling the casting oparaticn
to cause the ingot to solidify from botitom to top, and thus to
cause impurities in tne poured metal to float to the top of tne mzlz. -
Tnis wes accorplisned py creating 2 stieep temperature gradisnt in
the mold.
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In the casting eaquivment, the ingot mold was positipres
directly under and in very close proximity to -- almost touchirg --
the remelt crucible. The upper part of the mold was insuleted, -
but the boittom portion was not. When the metel charge was m,_,ai
the heating, together with the insulating sleeve around the upper
part of the mold, created a steep temperasture gradient from the :
to the bottom of the molad. When the melt was poured into the mcl
the temperature gredient caused solidification to rroceed from ths -
bottom to the top of the ingot.

Trnls cesting practice normally produced ingots with
practically no internal cavities, and the directional solicdif:i-
cation causecd the nommetallic impurities to concentrate at the

To
of the irngot in 2 shallow layer that subsequently could be cropr

nied

1||

Tre Use Cf Recyclé Magnesium Slas As Bomb Refractory Liner

. From 1912 until 1684, Melliinckrodt ucsed electrically -
“used, lcocuw-toron dolomitic oxide as refracteory liner for ire t::t CF
i shells. 'A_.hoazh the dolomitic oXide had gooé¢ relrzciory ci
istics, it wes relativeiy expensivs (co=t*ng grount $ 90 =3 »o .
: beczusz it is hygroscoric, it reguired close control of samzling radd 4
g and moisTure content. Excessive meisture in the llner woulé ceaucs _'L
- undesiratls sicde reactions -- such as hydrolysis of the gresn s&lz s
0 brown oxide -- and, therefore, lower bomb yielés. up T
Seeking & more practiczal refractory liner, Mallinckroc:
beger develeorment Work in 1352 on the use of the bomb-reduction .
\ ty-groducst magnesium fivoride (Mg?2) to line trhe reductior vesgsl.
. The edvanteges ol magresiunm-fluoriis siag were:

- Fused maznes-"~ f_‘oriﬂe p“OCuCE" Tty ths
trhermite reaction cf LF erné Mz 1is practical:" ‘
NOLhYETrOSTOpic.

- The cos=< of
involvesd onl
to & form suit
about SlC & tu!—

- By using the slaz &5 liner, if was possible t2
avoid contemination of the mezal with ouiside
sources oi uncdesiratle impuritiss such as btoron.

The company's work on employing reaycle siagz as bomd

o~

—ner Irc.uded the deve_cpmen» cf & method for crushing and grinding ..

) the megnesium fluoride to convert it to a usatle form. The develioz-

b ment werk was successful, and by 1954 recycle Mz slac haéd perma-
nently rezlzced dolomite oxide as refractory liner in the bhomt- -
redustion process. ; T
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Conclusions

Mailinckrodt has played an important role in the field
of uraniun metal preperation since the snrlng of 1942, when th
Metallurgical Project at the University of Chicago first requested
the Comrany to prepere certaln purified uranium products for use
in the chein-reaction pile at Stagg Field.

The Company's first techrnical contribution was the almos=
immediate development of a successful commercial purification i
process to produce the brown oxide required in the production of
urarium metal. Shortly thereafter, the Company also installed a
process for producing green szalt.

In July 1943, Mallinckrodt's role was expanded wLen, in
addition to p*oduci g important intermedisate mate*la_s, the firx
startel operatTions to rroduce the metzl itself. Following the - )
tesic process developed at Iowz State Colleze, Mallinckrod: Teoame -
cne o the first commersial enterprises in tne country to produc .
ureriurm metal on an indusirial scele. In sutseguent years, the -
firm made ongoing process lmtroveme“- to imgrezse produczicn,
improve gualizy, and lower costs. Shortily efter World War IZI,
Mallinckrod: became the only plant in the United States to conzTizus - - -
to procduce virgin uranium metal. )

ll 3]

o f
|
I

Two mejor inrovatiions in metal procuctlor techrologzy
developed by Mzllinckrodi are covered in separate subsections of
this rercrt. They azre the "dirgot" (direct ingot) metal process, ‘
which is discussed in Section IXI, Fart 1l, ard the electrolytia
reduciion process, which is des--;cca in Section II, Par: 12
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;:e Following nusters refer 1o bibliogrephy entries
whicsh zrz the rrircipel sources for more detailed informetion on

the ur nis "-meua daveiopment work described in this sutssctiion:

10, 11, 12, 13, 15, 19 i, 22, 41, &4 us, 57, €3, €7,

70 EE: g9, 9-. g9z, 9&, 102, 10 1006, 107, 108 109, 119, 12&, 122,

133, 135, 136, 137, g 140 14 142, 143, 1“4 las, 147, isC,

126, Cl. 167, 168, 6, 190, 198 199, 201, 262, 4_1, 21¢&, 222, -

223, zz2&. -
A ional references may be found in some of the sourcss

# . B
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Section IT
‘Part 2 -

CCMMERCIAL PROCESE -

FCR ZTEER EXTRACTICN OF URANYL NITRATE

(2atomic-tomz) P

’

crovided the stimulus for the first &ttt
ureniuve meterielsz on 2 larze, commercia
Chemiczal Works Z:I4 e initial 3
dmporiant asrpest o Jond

commercial esner g

In tThe spring of ita2, Lr. Ar

from the Metellurgicel Leztor
working on z sscret progjec
to cemonsirate a s2l

Their project re

colliezzues
Chicago wsare
Mznrasztean. F
ir an atoxmi

a2 “urenius

olenz,

r
c reector,
F

roject of World war i ;
ermrTs irn history to produzs
1 sgcele. Mallinckrodt
luction work,iihe ros: --
=nt o0 z prectical,
fying uranium,

<rur Holly Compton anc ris -
gtory of the Universicy oI ”
t, part of the now-famous

fesustaining chalin resction

guired tne ccnstruction cl

Tor tns atomic reazoior to work, uranium of & very hizk .
cegres of rurity wes regulirec. Irmpurities wou.d atti as poisors
in ths urenius tile: thsy weould inhibit the desirs=3 cheln reacticn
by atsortinz nzuitrons. Ths suocsss of the plls, therefors, dspeangsd -
on neving ursnium materlials walch were Srezes ol nmsluTmos ztsortsrsa
especiailiy elements such as boron, cadmium, znid the rerz ears:-=. .
Under on April 1T, 1Sz:zZ r. fomzzon

-hesg circumstances,
- 3

asked Edward Mallincxrodti, or.; whether

attempt to prerere the pure uranium comrounds u

~, 1s4Z2, =
he wou_d ravs nrls
rgenil

complete this project which was so vital to the war efior=s. -

Dr. Compton and his collezgue
Mr, MallinckroZ: ths possitility of usi
method of purili-ation wnich hzd beex d
or 2 latoratory scele, althcugh it hed

- = P - 2 - e
a _argec. TILZYZLZ2. ECale.

~
Ll a T v -

s discussed with

ng e€ther exxraciion, & i
emonstrated to be sdszguaie
never teen accomp_lsred cn
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The difficulty of the task, and the dangers associgted
ith handling ether had led several meJor chemical producers
rreviously approached by Dr. Compton to decline his request.
Mr. Mailinckrodt, however, zgresd to try to solve the protliem.

The tasic laboratory princirle had been discovered i00Q
years earlier by the French scientist Eugene M. Peligot. The
immedieste task at Mallinckrodt was to attempt to apply that princizle
on & large scale to purify, in tonnage aquantities, the uranium
compounds needed.

The Process

Peligot emn1oyeﬂ the so‘ub--_ty of uranyl nitrate i
diethyli ethe* to ottein urarnium thet was free of other mevallic
elemertis.

The Dbasic rrocess *nvo'vos dissolving crystels of ﬁraﬁglm -
nitrats hexahydrate (UC(NO3}z.6ErHz0; P U\") in dZeihyl etner,
serarating the ether and waler lave*s uh form, and evagorating

the ether to recover the puriliéd urenyl. n::ravc. ==

The rurified Urznyl niirete thus obtained ¢ar te used:

a2s Teged for producing urarnlium oxides which, in turn, can be used
to produce urarium metal.
Proven., Exverienced, Scientific And Technical Cavpabliliiv Recuire:l
After Feligot's initial discovery, a number of investi-
gators had rerortec the explosive reactiorn of nizrate wiih etier,
ans CG:E‘“LSZiLy, tne rrocess wes considered by meny tc te dengsrous
rno- or.y on & _arge scale, but even on a laboratory scels.
r was to attempt 1o develop tne larze-
ess to produce the highly puriliec
¥ the Chicazd group would heve =0 Tz &tls
nolved.

Mgl inckrodt Chenm
gssizrment for two chief re

cal Works was asxked to sitemrt ithe
sons:

ny |n

(1) The Company had a reputation for exceptio:a’ skill
in producing high quelity, highly purifief chemicels.

(2) Thkrough previous work, the Company was £ls5 weil-
kriown for its experience and skill in nendling ethzr.
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The Iritial Maliinckrodt Ether Extraction Frocess

The formal research project, &+ first caileé "Uraznium
Oxide S.L. 42-17," was officially started at Mzllinckrost on
Aprili 2L, 1542, orly one week after Dr, Compion hed initially
asked trne Company to undertake the essigrmmernt. Mr., Mallincxrod:z
had made ar orel eagreement with Dr. Comrzon to work on the jou for
an iritial fee of $15,000, The project name, including the
abbreviation "S.L.," was purposaly chosen to imply that the
uranium compound was simply anotner ol Mellincxrodti's line o2 .
standard luminescent chemicals. However, using the ter:m "uranium
was ggainst government securiity regula:ions? end the name of the
project was changed to "Tube Ailoy Dioxide."

Mallinckrodt's primery resezrch and dasveiopment tasx
wezs to Iry tTo translilate the lzboravory ccneesrt int

0 & larzs-scale
process.

In tThe process that Mellinzxrods suctseaguenily wes
successiul Irn develeping, the starTing materizl wes commerclielly
aveilzr_e tlz2x oxide (U3CE). Tre zruds-Tlacs oxide was addsd s
hot concentretesd ritriz &elidé in lzrse steinliessgz-steésl TenXs
produze & crude uranyi nitrete soluzion. The uranyl nitrete
solution wes then filiersd tThrough & stalinless sleel fliter press
ané sucssguently concentraied Iin tenks neated Tty sTéam cdlils o
the boiling point (EHEOF) o pure urany’ nitrate hexahylreaze.

Ster the molzen crude uranyl nitrase was cooled to 1759F, it was
punred directly inzo colid ether. Tne weter lezysr and ether laver
sesparatssd, and the ether layer was Wesnsd with smell amounts of
gistillizd wezler, Then the purifiisd meterizl was re-extrected Irii
trne etrner with re_atively large ouentitiss of distil =
go12Tion of pure uranyl rizlrese, wiizh contelinsd
rheeted tTo ine Toilirmg roint to crive off <he s3Iz

Tre sutssjuent sters in groduzing o=
denizretion ¢l <ths wrenyl nitrets T2 rroiucs
and UC3 reductiern =t brown oxide (Tlz:. -

The urgency of the project recuiresd the Mallincaydiz
enginecers and scientists to utilizs existing fecilities &srnd ~
evailgbie supplies and eguirment tc develor the process, carry cut -
experiments, assemtle plant eguipment, and corstiruct the plent In —
en exiremely snort period of time. -
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The pilot plant for the ether extraction develooment work
was an alley between two buildings at Mellinckrodt's Tacilizties in

- w—ea o

downtown St. Louis. It was there that Mallinckrodt personnel sex

up an apparatus which, if 1t worked, was to be the protoIype for
the large-scale extractor.

The prototype was fzbriceted entirely of stairnless steel.
It consisted of a section of pipe. 8 feet long and 2 inches in
diameter, to simulate the extracior, and a 3/4 inch pumr which
mixed and circulated the water aré ether. In zddition, necessary
piping and valving arrangements were provided for the unitz whicn _
had & capacity of about 1.6 galicns. i

The prototype, employing the ether extiraction process
described above, was successful. It achkieved the same lavel of
purification as was eachieved earlier on e smaller scaie in the

laboratory. On May O, 1842, samrles of the uranyl niiress produczs
in the rrotoiype extracior wers szirred for _testing to Frinmcstor_
Uriversizty, the Universizy of Chizego, and the Neticonal Zureazu oo ~
Standards. Trhe product passed all existing tests the:t could bse
arriied for puriiy

Tre next ster was for ¥allinekrodt-te atiempt to desizo
and tuiild a fulil-size, plant-scele extiractor bzsed on the sucecesziiL

t
prototype of the "pilot plant in the alley."

Agzln, the prolect regulired tne Mallinckrcd: rersornnel
essignel to the project TO use avei_eble meterials and a2 varissy
of design ard comstructiorn snors cuts. FPor exanrle, for som
equipment, rough skeiches insteed of finished drawings were used
together with eround-the-clock supervision bty the Mellincxrod:
engineers, In some ceses sXeiches were not even used., Instead,
conestraction wes tassd on diagrarms chalx-drawn on the rlant floors
o wells, -

ForTurately, vihen the construction was ready O procesd,
Mellivnckrod:t had two vulldings evalilabls, eand they were usef o
house tThe pleni-scele sys=em. Cne o7 <hs buildings, Eullding 51,
is shown in the inset in Figure IZ-2.1, which 1is an aerizl view

S

of the main St. ILouis plant. T
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Pigure II-2.1 7THIZ LOCATZIOI OF ZUILLIIIS Bl, ore of tne =wo buildings
that rousel tre first plant-scale exiraczor, iz shnown ir the inses
in this serial view of Lallirncirodt's main plans.
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Most of the materials and equipment used in the plant )
were obtained from a supply which Mallinckrodt had accumulated prior !
to 1942 in anticipation of possible war-time shortages. The Company
had several 1000-gallon stainless-steel tanks and an adequate supply
of stainless-steel pipe, valves, and fittings. Mallinckrodt used
its own facilities to fabricate most of the other eguipment needed. )

Stert-up and shake-down problems were minimal. Once the
processing began, the plant was operated 24 hours a day.

Advantages And Disadvantages For long-Term Production

Although the initial ether extraction process described
here was designed for a short-term project, it was actually used
for a four-year pericd. In evaluating the process from a long-term
point of view, several advantages are evident. The plant-scale
process required relatively small capital investment, and as a
batch operation it also permitted multiple use of equipment such
as tanks, pumps, and pipes, Furthermore, 1t was a simple process
and because it required very little instrumentation, it provided
additional economies. -

Compared with a large-scale continuous process, however,
the early ether extraction process had the disadvantages of higher
operating costs and lower uranium recoveries. Its main disadvantage
was that it did not provide sufficlent decontamination of the "
uranium, and prior processing of the starting materials to relatively ‘
pure concentrates was required. The continuous process, described
in Section II, Part 3, was developed to overcome this problem.

Conclusions

Mallinckrodt's achievements during the first stage of
what was to become a 25-year uranium production project are
considered outstanding by authorities associated with the work.

The Company's chief accomplishments during that period
were:

(1) Performing the extensive research and gathering the
large volume of data necessary to translate a con-
cept, demonstrated previously only on a small
laboratory scale, into a workable, plant-scale,
tonnage-production process.

(2) Under the handicaps of limited information, time
pressures, and wartime shortages, designing a
prototype extractor and conducting research,
analysis and experiments to prove the effectiveness
of the newly developed extraction process.

ey LD S
$ain st [EECIbvEE) P
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(3) Under the seme handicaps, and with limited sourcses
of supplies and eguirment, desigrning
and opereting a plant for safe, conmmercziel, lar
scale ether extraction o uranyl rizrate.

D

The difficulties of accoxrliishing these tasks includes .
not only dezaling with a number of previously unexglored asgecis o
nuclear pnysics, but also the effeciive and practical meetinz-ol-

the-minds of two different groups -- the University of Crhicezo
physicists, and the Maliliinckrodt chemists -- from two distinex
scientific disciplines,

The exceptional cocperazicn betzwesn these Two groups
was demoristrated ty the fact that only fifty deys from the sterz_
of the project, the necessary date were gothered, the plant ezuiz-
ment designed and assemtled, the tlznt buillt, ané the product -
ctroduced at 2 rzte of mere than orie torn Ter day to serve as the
sole source of purified urgrnium fcor tne Manhetian Project well

16L3.

Zenry Tewoll Smyth. in nis ofTiedipl review ol atomics T =
energy worX durinz the wer, surmes wE Mallingkreodt's accoxtlisnmenzs _
during tnose Tirst fifty days. Es sszid, "IT was a remarXetle
echievement to Lave develored ard tut into rroduction o € scals
of the order of ore ton per day & rrocess for trensforrming grossl:r -
impure commercizl oxide to oxide of =z degree of purity seldorm )
achieved even on a laboratory scalie.”

SProductior 'and cost dezzilz are contzined ir Sectlon I

-~ ——-

N

The izl rzrhy entrizs
¥vaoizn are the detz & informe=isn
the develorment of the Ther-sxTrzetion T
cescrizec in this subsecti . 1C, 11, 12, 15,

~ ~n ~ -
57, 6?: 7C 2, 1l8¢c, 1¢G, 2.,

Additionel references mey ve found in some of the sou
indéiceted zbove.

4
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DEVELOPMENT OF THE CONTINUOUS ETEER-EXTRACTION FPROCESS

In 1945-46, Mallinckrodt Chemical Works develcoped e
corntiruous etrer-exiraction process for purifying uranium, and
desigrned end constructed a lerge, tonnage-scale plant using tne
process. With continuing improvements, tne process remained ins

standardé one at Mallinckrodt's 8t. Icuis oreretion until 1827

Ve - e

whern tritutyl-phosphate-hexane wes introcduced to regliecs =2tnsr.

BacXzround

Tre original beich eTher-sxtracilon process, develers:
on a crash tasis, ned several disadvantages. (The batch metzod
is discussed in detail in Section II, Part 2.) Chief among the

>

dizsadvantages were high operating costs and low percentazes o
uranium recoveries. Further, removzl of certain conteminents
from the urarium wes insufficient, znd the method required
reiatively pure concentreaies, which mace extensive prior pro-
cessing of the sierting materials recessary.

|”

Tre liew York Cperations CIfice oI the Marhazian Cistrizs =
iriziated agtiviiy to exrlore <he rossitilizy cf overcoming tihess
disedventezes. The office essignesf <o Yalis University ihe sasx
cf investizating the possitlitiss ol a consinuous ether-extrazction
Teennigue that would use fesd solusisns pFEfETed dirscsly Sreom
pizchblende ty nitric ecid gGigess:ion. _

The Veale work Indicated trhaet the errroach mighit Ye
feasitie, 1f a number o complicaetef inherznt problems could te

solved.

Ini<ial Development Work At Mz _lirnaozrogd+

In the spring of 19LS, as zhe Yale studies wers teing
completed, Mallinckrodt began raseesrch T
counter-current ether-extrection process.
a method which would use fesd scluticrng prsc
vitchblende ores, or crude concentirztes conte
-Zzck oxide.

Work was aimed ac

0

0 develor & final, continucus,

)
i
I
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Mallinckrodt had *o solve several complex rrotlems,
some of which were revealed in the work at Yale. The mejor husdlsst
were to:

- cdevelop satisFactory methods tTO prepeare
suitable fe=d solutions,

- cut down orn impurity (especially molybdenum]
cerry-through during extraction.

- g2t more complete rezcvery of uranium.

The total Jjob was two-fold: (1) developmeni of wor
methods for preparing suitable feed solutions; and (2) researc:
s

2
development, and design of the contiruous extrzction procsss engd
equirmen=.

Prerarzzion Cf Suitebls Fesi So_uticrns
MallireXrodt worksd on develcring two methods for e
lutions -- cre wizh titcrtlende (containing
<ke sterting mezsrial, ané one using radium-Ires
Thne method that Mellinckrol: develored for procsssing
pitchpisnde involved several steps. TFirst, the originel melerizl

was ground, end then it wes digested wiih nitric aclc. Tfe
resuliting solution, however, contaired racium and suvifate, tein

02 which rresented additicnal £rovlisxe.

¢ a2 problsr toih tecatse 0 Its innersn:
rediogctiviTy nazerds, ang tecauss of ITs kigh velue. The sullzis -
if rot removed from the solution -- veuld causd precirizetion end
mecharical difficulties during extTrzzzion,

Mellinckrodt fo rstlsms.
Trne €xcssz =u_fate in the £~
cisizating the sulfate wi
precipizeazed the rzéium as sulfe i emevesd
By centrifuze technigues, g i p Litile
parium or sulfate.

ck R T

4T - -

Mzllinckrodt's preparatior of feed solution usin
concentretes fres of radium or sulfijes and corntaining on
relativzly smelli zmounts of sulfeze or czale
diges<icn of the concentrates with nizrizs acid. ‘e resu
siurry, afzer ajjustment of frees nitric acid and uranium cont
wzs used Jirectly as the extractiorn fae2d. .
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One obstacle remained in
feeqd. t was inccmplete uranium di
urarnium completely rsguired an exce
extraction process, the ether strir the agueous feed of azié e -
and this caused precipitation to oc . The precipitation, in zurn,
caused sludging and emulsion which interfered with proper operation
of the extraction eguipment. Mallincxrodi's solution to the __
protlem was to add a controlled concentration of nizric acid tc 2=
ether to prevent the stripoing.

~2 preparation of ths extracs:
solution. To dissolve the

s of nitric acid. During zThe °
g

u

-

n's 0 n o

4 £

Pilot Plant Develorment Cf The Contiruous Ether-Extrazction Srocsss

In addition to solving the problems associated with
developing feed-preparatior processes., Mellinckrodt also haé to
solve major problems in developing tre extraction process itself.

Ir the spring of 1945, 2 rilot plant was buils as en
anrex to tre batch ether-sxiraction tlznt then in use. The piles
Elant was ussf to carry out the exiensive experimesntal work
to develorment of a precticel, continuous, counter-curreni, duzl- -
cycls ether-extiraction gt Irt:c

lor. process -- one that couli be tTrens’az
a plant system. .

In terms of the physical chemistry 1lnvoived, the con- o
tinueus rrocess that Maliinckrodt devzlored was basically idenzi:
to the batch process. An agueous urznyl-nitrate feed solutilon
dissolvei in diethyl ether. Then the ether and water layers
form zre separated, end the puriliei urany. nitrate is recove
by further treaztment of the ether solutiorn.

The contiruous process devzloped by Mzllinckrod: nal ==t

cycies: (1) acid exzraction, &nd (2, rneutral extraction, T=x ) -
process ie illustrated in Figure II-35.2

Acid Exitraction

= Of tne acli cycle was the extrection

izh smail cylinirical sections of ceramic

wete mixing of Trn: acueous feed and the etTner
pheses. Thne ether was tne continuous prese and was introduced inzs -
the column at the bottom. It flowed zcounter-current to the acueous
feed whicn moved by graviiy from the Top oi the column. After
passing through the extractiing column, the uranium-enriched ether
rhase overflowed from the top and wzs cerried by pipe to the

bottom of a wash co.umn,

Q"

v
columrn, & tube Tacks
'.‘--'

P

i1 0o
LRSI

The ether solution carried wizh it traces of Impurizies,
some o which were éissclved, znd soms ¢ which were mechenicallr B
entraired. (Fart of the molybderum, tecause it Is solubie in ether,
vwes or.e of the impuriziss tnet wes czrrisd through.)
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Figure II-3,1 Ti= FIRST CCMMERCIAL CONTINUOUZ =Tk

was developed by Mallinckrodt as a dual-cycle prcc

DoTYTEALTION SYSTTH
P-E2TRAC2TZON SYS8T=S
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After it left the extraction column, the uraniuwn-rich
solvernt stream was then passed through the wash columnn where small
amounts of water were used to remove some of the impurities in thks
solution,

Re-extraction was the final step in the acid-extractiion
cycle. Large amounts of water were introduced into the top of the
re-extraction coiumn. The agueous phase, fiowing by gravity from
the top of the column, mixed with the uranium-rich solivent which
flowed counter-current to the water from the boitom of the column.
As this occurred, the uranyl nitrate, molyodenum, ané other
remaining impurities were re-extracted into the water phase.

To overcome the problem of impurity carry-through,
Mallirckrodt had originally developred a method using charcoal to
absort the molybdenum end phoschorous comrounds present in the
ether-uranyl-nitrate solution. Eowever, the charcosl methed was
somewhat curtersome ancé expensive, Ultimately, the prodlerm of
impurity carry-through was overcome ty cdevelopment of the rneusrzl
extTraciiorn cycle.

-
]
S

3
r

Neutre_. rxtracilion

Mellinckroct develored the neutral extTredtilorn process
to comrlete purificetion of the product Droducsd during the aci:i

extraction cycle,

TO boll The
< had besn procduz
he tolling firs:
b
v

h Tone .
he solutlon, &%
-~

Tre Tirst step in the neutrs
uranium-ricn vater so-uvion (with imr
in the re-zxtraction columnn of the zc
drove o7F the small emount of elther r

<

; e = -3 T - It e I S
Toel Wgs cornm ruec = Qrly 0Z1 €gAl

ess
(280°7-30C°F) converted the -
M :

Ir». the procsss, the hezat ors
molytdernum znd rhosphorous present to compounds whion sre Inmso_uzls
in neutrel etzner. Consszusnily, curing further treztmens with ’
ether, thns molytdenws: end pnesohnorcus impurities woculd noT aceomTsEnr

the urenium. -

Ir. the next step of the nsutral cycle, the concentrated
uranyl-nitrate nexahydrate solution produced by the boiling
overation was added to nreutral etner on a continudus basic et a
high temperaturs in & mixing chamber. This resulted in the
extraction of approximately £5 per cent of the uranyl nitra:
into the etha2r solvent. Fiftsen per cent remained with the water
phase which was returnsi to the aciz-extraciion cyzls for recovary
of the remaining uraniun.
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The extract was then washed with a small amount of wzter
to remove rema-ulng impurities. In a final re-extraczion co-‘_.,
the uranyl nitrate was extractied from the ether solvent in
agueous so-ution. The smell amount of ether containez I
solution wes then boiled off leaving purified uranyl rnizrg
the final product.

Developoment Of The Plant-Scale Systenm

Mathematical scele-up based on the pilot plant deternin
the design of the plant system.

The plant, which was put in operation in iS¢, worked
very well, ané the first product was of the required purity. Aside -
from a few minor mechanical probtlems, which were guiczxly solvead,
ro major difficulties of 2 technical nature were encountered.

Fowever one equicment fallure resuic
ascident T’”_'i'”@%““?ﬁﬁgﬁh_ risoma o

sTari~un. Tne mixture reacted vi ole"t_
of the tart of the rrocess involved t*”ve" ed *ecur

Coneligions

In & period of ercroximetely one year, Mellinck

out extensivs igboratory and pildt-plant research ancé &= e_o:r:::
activities thecs u‘t1mate1y resulted in esteblishing, Jor the firse=
time enywhere, ez continuous, dua*-CJb_-, counter-currsnt ether- _
extraciion process for purilying uranium from crude ors Or congcen- -
trates, Malilinckrod: effectively trznslated tne process into a T -
sucecessiul rlant systizm for procducing rurified produc? on muliti- - ’
tornnaze scale., -~

The continuous process developed by Mellincxrodés held -~
many zéventazas OvVeEr the batch process which it rzp _a:e:. Tre - -
continuous Droeess requ:req less mecerial hard‘in;. —sss equirment . -
Time, and 1sss cnemicals Jor srecific rates ol rrsitoTism: all o2 T
wrich resulted in lower cests. -

In zddéizion, the multi-stage acid extraction resulzezs
in recoveries of more than ¢G.E per cent compered wita S5 per cens
using the beich process Furthermore, because the pProcess
included a second ex*rac tion step, the finel product wWasS somewhes
purer than that produced by the tatch plant, Fiexivilizy in the
use of starting materials was another distinet advanzege of the
continuous prrocess.
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The chief disadvantages were that, though greatly imprcved,
recoveries of uranium were still incomplete, and that the potential
hazards of working with ether were still present.

It was possible to get higher recoveries with a newver
solvent discussed in Section II, Part 4. (Based on a uranium value
of $10.00 per pound, an additional 0.1 per cent of recovery is
equivalent to one cent per pound in processing cost.)

Production And Costs

Production and cost detzils are contained in Section IV.

Related Documents

The following numbers refer to bibliography entries which
ere the principal sources for more detailed information on the
development of the continuous ether-extraction process described
in this subsection: 5, 8, 10, 19, 41, 67, 87, 93, 104, 122, 1=3,
176, 186, 190, 199, 201, 211, 222, 223, 224, 225.

Additional references mey be found in some of the sources
indicated above.

#
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Sec »i n 1I
“Fart. b

DEVELOFMENT OF THE TRIEUTYL PECSIHATE - HEXANE FRCCESS
FOR
URANIUM FURIFTIATION e

)]
b}

r-\
] cl‘

The first pi -scale uranlunm cuvl-*cazl_n sysTem O
uss tritutyl prosphate EP) in kexzne a5 the ext acuan- wes

started at Weldon Spring, ‘M6, *nvutn““.1:57 The ssearz-uz
culmiretsl seven years ol researcr =né daveiopnent by V_L;i:C£r::::—-
Chemical Works and marks: g major alivance in uraniun procsssing.”

8s early as 1550, seeXing an improvemsent over tThe use
ether as an extractany, Mailinckroct began to study otiher potentizl.
solvent extraction systems, Eariier work gt Iowa State u:;ver P

and at Cax "_dée Nz<-ional TaborzTory hac¢ indicated the pessi o;l::;
thet TEF m-:nz te used. 1In Cctoter, -,,l Mailinokrodi’s ressara-s>rs
completes their initiel investiza::::s and corciuded trher 4iluzsel
T3F would ts & considers =y better extractant than etrer, B
Development of the TB—-k‘*ase“- ystem, which vags ussd
at Ferrngld, Chio, beginning in Jazmuzery, 1934, was basel oo thisz
original work gt Mailinezrsd=. . S
Rezsons ror Se-ection of Diluted T=r As The Exiractior Sovernt -
' The tvo ¢hied reasons for the selection of giiuted TSE —
To replace either as the extractant in uranium purificaticn were:
(1) Safety. A system using T3F, which is sizbls
to high concentrasiors of ritric acid at
temne*atures normz:ly encountered in the turi- .
ication proc=ss, itg relatltively free ol tns
Juentla; nezzerds present in ether systems.
(2) =ceonomies, Zower czzizel and operating zcsTs
are po=s‘t?= ir & purilication systéem using .
giiuted I=Z. TIBP, wizh its high selsctivcizy -
Jor uraniwen, gives ccnslderatly betiler reccusyisz.
from crss ThEn 2ThEr.  Furthermore, edesuets o —
DuUrizy can T srnistsl Throush the Dropaer uss OF -
2 Singi2 g¥Trzeoilcon ocleE. - - -
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Need For Dilution

If T3P were used as a scivent in the pure sizce,
certain of its rhysfical proverties would create probiems during .
extraction because:

- The density of TEP is so nearly identical to
that of water that good phase separatiorn in
liguid-liguid extrazction is disfficulz. I
addition, this ctrorerty of T3F wouic interfers
with the oparation of a coniinuous system.

- The high viscosity of TBP reduces the efficiency
of extraction and rromotes the formation ol
stable emulsions when agitated with acueous

so_utiors.

- The high degrese of stevilizy of the undilutsd -
ureanyl nizTrzte-TIF compiex is such that re- -
extrection of the uvraniur rorTiorn becomses
difficulz, . o .

Dilution wizh z2n

i w z
disadvarnteges of TEPF by lo
n

improving phese separatio <

. early investigations rzvezlzd th : iower reraliin | olartce
would serve as suilteble diluents, This was substantizted ty tne
favorable results achieved With the use of kervsene as the dlluens
for the Ferneld plant, &nd Dy the imrroved oreration using hsxans
es the diluens for the Wsldon Srring glarnt. L

Thne besic purification process eav Weldern Scring Imvolwrss
Tour malor sters,

Filrst, nitric ecidi is uszd to dizest ths Ors concsnTrat:.
Tren, the resulting slurry is exiracted with the ciluted Z=F. &
the third ster, smell amounts of weter are usef to wesh impuriziss
from the uranium-bearing extrzct., Finally, the clezrn uranics Iz
re-extracted into water, znd the soilvent is recycled, -

Figure II-4.1 presents a generalized fiow sheet Z_lus-
trating the process.
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ORE CONCENTRATES

DIGESTION o e NNO3

— EXTRACTION ferm/ Pl RAFRINATE

: WASH

: 'I LIQUOR

g SOLVENT '

= CLEANUP WASH

o} ey, VER
STRIPPED
SOLVENT

RE - EXTRACTION il WATER

AQUEOQUS URANYL NITRATE SOLUTION TO BOILDOWN & DENITRATION

Figure II-4.1 THE BASIC TBP FURIFICATION PROCESS involved
four major steps: digesticrn, extraction, washing and re-
extraction.
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velopment

In 1
was started, t
Fernzald indica

Subs

95+, when design work for the Weldon Sprirg plant

he experience with the TEr-%&rosene process a-
ted that some improvements might be possible.

equently, Mallinckrodt carried out an extensive

pilot-plant development program which resulied in four mszjior
advancements over the TS5F-kerosene process. They wers:

(1)
(2)

—~
L)
g

(%)

Tne Use Cr Hex

Selection of hexane a2s5 the diiuent inste=zi o
kerosene,

ign ard development of purper-decanters as
the rrimary extiracticn contectors instead of
pulse columns,

Tesizn and develerment ol "high-capacity" tulss
cclumns with edvernced rlzte cornligurailion end
ghengsd plate spatinzg for mere efficient re-
extrection.

Use of & s_urry feed with higher uranium end
lower nitric-acii concentrazions.

are As A Tiluegnt T

at the Fernald
rilot-riant re
the VWeldon Spri

ugh kerosene hed been usged with favorable resulzs
rviant, Mellinckrocdt -- irn its izboratory and
searsh -~ spughkt an izproved diluent for uss Iin
irg fecilizy,

Eexane was selected beceuse it oflered the folloawling

sévantazes over

-

In a
rzsulits in les
traczicn, it p
r.eXxans is more
ramcored T 4l

r kerosene.

n, < L. [ SR 3 e 3 - S —
- Tne Zowsxy Zf=ns zné visceslzTy of hznzcs

resuited in improved phase sepearation

consequently perm;tted gregTer capaci-
extraction contacting eguigment

- The lower viscosity of TEBF in hexane improved
mass transfer.

rs grezier Stability than keroserne
ence of niiriec aclsg.

pecause the lower v’s"osity of beAano
rment of Impurities during primary ex

2 purer croduct. Furthermore, b=caase

e thern e*o _n . it can be complstely
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Develiovment Of Pumper-Decanters

In early experiments, sprzy columns, Jei-mixer
columns, pulse columns, and various types of mixer-settlers

were tested for use in the primary extraction step. The uniz e —

that proved most satisiactory was the pumper-decanter.

The pumpter-decanter is a type of mixe*-sattler in

which the organic and aqueous pha=e: are first nixed externa

11"

ao-y

in a centrifugzl rump and then allowsd to separzi® in a tank or

decdnter.

The chief difference betwzsn the pumzer-decznter and.

conventional mixer-settlers is that the pumper-decanter has

provisions for internzl solvent recyecle. This permits a high
ratio of orgarizs to aquecus in the mix pump, greazily increacluﬁ

the solids-hendéling capatility of ths unit,

Evolution of the pumrper-:3 Wwes based on
the followlng experimental observazi - =
- To obtain the goct thesz ceontzol resguired for -
hizh exzTraction elfitiency, vizdorous agitezion
is recessary; howsrsr, when zgizeteld vigorocusiry., —
the T=F-Lexene erl The aquecus s_urry have =
tendeney to emuisily.
- By malirteining a high solvent to aqueous reti oL -
(at lezst 10/1), tine emulsifization problem
is reduced substenzially.
- Wnen the system 15 cperated wizh ths lgss wviIscguz — 0 7
fiuigd (Uhe solverz, as the contlnuous phase, .ot
considerzbly less smuleslilicesion r==u s, )
- After mixing, serarztion o ITne two phases is - i
promotes when Tns sclvent {2cztinuous) phese -
ig in rozary moticon, : T —
Cperation of ths pumrer-izcanter gys=zm designed by
Mellinckrodt is illustrazed scremestizally in tihs diagram shown _
in Figure II-4.2.
A generel view of the puscer-decanter quinment as iz .
apreared in the plant is shown in <z2e photogrzzh in rigure II-<.Z, )

~
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EXTRACT TO WASH STEP FRESH SOLVENT
EXTRACT FROM i | l EXTRACT TO MIX PUMP
) SECOND DECANTER \g OF UPSTREAN UNIT
ORGANIC L ORGANIC
RECYCLE [ RECYCLE
FIRST \j\ LAST
DECANTER DECANTER

AQUEQUS i i
FEED RAFFINATE RAFFINATE TO DiSPOSAL
MIX PUMF TOMIX PUMP | MIX PUMP SYSTEM

OF SECOND
DECANTER
RAFFINATE FROM BOTTOM

OF UPSTREAM DECANTER

Figure IT-4.2 SCHEMATIC FLOW DIAGRAY CF PUMPER-DECANTERS -- ené £:ag:s.
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Development of High Capacity Pulse Columns

Pumper-decanters and pulse columns were compared in
the pilot plant for possible use in scrubbing and re-extraction,
Although the pumper-decanters performed satisfactorily, scrubbing
and re-extraction operations required a large number of stages.
For this reason, pulse columns were selected as the more economical
equipment for installation in the plant.

In all of the intitial experiments using pulse columns,
instability of operation occurred when the solvent was the con-
tinuous phase. Therefore, the conditions were reversed. The
columns were operated with the agueous phase continuous, and
more stable operation was achileved.

For the plant installation, a single column was chosen
for the washing operation. Two columns operating in parallel
were installed for the re-extraction operation.

The use of hexane as the diluent, and the increase
in the capacity of the pumper-decanters made it desirable to
increase the extraction capacity of the pulse ¢columns to achieve
a balance between extraction and re-extraction. Since the two
re-extraction columns could accommodate more transfer stages
than were actually reguired, an attempt was made to modify the
internal design of the column to permit higher extraction
capacity at the expense of a small decrease in extraction
efficiency.

Extraction capacity of a pulse column is ordinarily
limited by the degree of emulsification. Since emulsification is
the result of excessively fine dispersion of one phase within the
other, any increase in extraction capacity would require decreasing
the degree of dispersion of the orgenic within the continuous
agqueous phase. This was ultimately achieved by developing an
internal column configuration involving plates with: large
(3/8 inch) hole diameters; relatively large (33%) free area; Teflon
coating, and wide (4-inch) plate spacing.

These developments resulted in high-capacity re-
extraction pulse columns. The columns have nearly three times
more extraction capacity, using TBP-hexane, than other pulse
columns used in similar operations with TBP-kerosene. In addition,
the capacity of the columns also was increased by 400 to 500 per
cent as a result of the developments.
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Development Of The High-Uranium, Low-Acid Flowsheet

Until the time of the TEP-hexane pilot-plant inwvssti- _
gations, the feed concentration ordinerily used in uranium-
extraction operations was 200 grams of ursnium per liter in 3%

nitric acid. When the pumper-decanters -- with their abiliczy 1o
handle feed slurries high in solids conient -- were develored,
it became possivle to use z feed slurry with an increase in the

uraniur and a2 decrease in the acid concentrations. Therefore,
a high~-uranium, low-zcid flowsheet was develored.

The high-uranium, low-acii flowsheet offered th
folliowing advantages over previous systems:

- It substantislly increessed production cereacity.
The chief limit to the cepecity of the pumper- _
decanters is the volure of the agqueous sireanm

ir cornceniraticn of ursnlium In the Jlesd rssulis
irn an alimest proporTionel ingrsase in ureniume
extraction capecizty.

- The low-ecid fezi eliminated The need, ani éon-
seguent expense, for riztrigc-zcid recovery; Trcm -
the raflinete (discerd) stream., With lowezcis
concenctratior, it 1s more econonical TO nsusraellcs
and discerd the nitretes than to recover <hem ___

by boilfown anc concenzration.

€

= -4 = P ~ -
- 2s a rssulit ol trhe smaller
. 2ii rezuired,
E )
.. s .
- eCregsel TOYYOSion TroT.sns
< <2 - -3 N A hand -
- ] nTuritiss wes provided., Ths
z > .. K < P S
T uranic in the f=2:28 ter- .
- - - - -
2 o urzrium ssiuretion R
- 3 - S 2 P
2ornseguent reduction in ke
—-— al < [ . 2 - - > < -
awount ¢f Impuritiss tzrrizé Torverd in she

primary extract.

Scale-Uv To A Flant Systsm

ant design was based orn operzting c

The pl 1 ~
i he lanoratory and pilot-riant viorz desc

ived from t

£
oTi
'

In June, 1957, the full-scale refirery started operzsisn,
ar.? all elemerts performxed setisfacztoriiy., The tlant orerazes
wizhout mejor difficulties from initial stari-uz until tae VWeldon —
Strinz fecilizty was clotced in 1966,

that they can haerdle. Conseguently, an ingcregse _.
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Conclusions

Development of the tritutyl-hexane process -- inciudin
Mallinckrodt's leboratory reseazréh, pilol-plant work; plant .scale-
up, and ongoing improvements -- made Weldon Spring the most
advanced uranium-extraction plant in existence.

Major economic benefits were derived from the technical
ané operational development ané the azdvancements that Mallinckrod:
achieved.

Because of the comprehensive end intensive nature of
the pilot-plant work, the rlant that Mallinckrodt designed was 2
fiexivle one. Thus, even though basic designs &nd sizes of plen:
equipment were frozen at an early stage, 1t was possible, as a
result of continuing developments and systemeatic studies of .
operzting condizions, to eprroximately triple the caraciiy of
the rient without eddiztionzsl msjor carital expense.

The resul<ing econcnmiss in plant orerstion contrituted’
subsiernzially to ellowing the AZC to close cown the clfer end Ty-
then ctesolet ther process refinery. Savings achlieved in dirscs
crereting costs elone totelzd aprroximately %1 miiiiorn ennuelly.

Re’z7ed Documen<ts

The Tollowing nunsers rafer 0 bibliogrepny entries _
which are the rrirncirel sources for more deteiled informasion on
the develorment of the TZP - hexane uranium purification pracess’
descrized irn this subsestlon: 10, 13, 16, 4i, 57, €7, Er, E3, E:,

- = -~ - -~ - — e —— - - - oz o - ~aa —_——- ————

Gh, 1:z, 12T, L2Z, 1z, IZ7, 1ZZ, 173. lté, iZ7, 189, =zIi, Ell, &
223, 2z&, 227, - —-

AGcitional} references may be found irn some o Tne sour:ss
indiczte2d avove.

A
ir

.'h



- =

.

-b2- 952653

Section I
Fart'g

DEVELOPMENT OF THE POT PROCESS
FOR
CONVERTING URANYL NITRATE TO ORANGE OXidz

In the sp--ug of 1642, z= a mzjor pa*t o’ its inizial .
work ir cornection with the Manhazttan (atomic bormd) Project, -
Malliinexra&t Chemicel Vorxs deveicred ithe pot yrrdcess for
garnitraztion e uranyl nizrete to producs uraniuwr triosxide -
(tC3, or orange oxide). With coniinuing refinements, ths .
Protess remeined the standard dexitrzTion method at MallincxroizT
£7. Iouis-zrez operatiors until the Weidon Sprinzg activiziss wars
terminzated.

EBackground

In April, 122, Mailinckrodt assigned research and .
engineering cevsonnel to seeX solutions to two ma:or techninesl
rroblems in ;for,s to produce the highly pur fied uraniwn comrox
resdied Tty Dr. Arthur Po__y Corrtion zrnd his collesgues for use I
trne exrerimental ruclear resactor at the Unlversity of Crhiczegs. -~

Cre of the protlems wes the ceveloprent of a safs,
commsrcizl sther-extraction process, (For details, ses Seczion.l
TzxT Z. The ctiner protlem wes to develop a practliosl rrocess IT
2onvertisg Irne ureanyl rivrate profull Inte a satisleztory vranizo
trioxisisz procuct.

Tre effort to cs7elop a uranium-trioxids precductiorn
Trocess was started at Mallinckrodi's -Jersey City, N.J., faciliz:
The Ccmrpeany elreedy was troducing red mercuric oxide there by a°
process siwilar to the one being considered for use in convertizs
uranyi

ritrate to UG3.

In the mercuric-oxide production at Jersay Cizy, ex
agueous. acid solution of mercuric nitrate was heatsd and szirred
simal areouclj in small, stainless-steel keittles. The liguis

gracua--; evancraueu, ard, es the tempera-u*e rose, ine merauric
risrate decomposes Nitric-acid fumes were c*lven oS ¢ty the IsE

- - - ~ - -4 .r
gnd Ths merouric o'**— wze formed as the rems ne

-———— S -
L2l OLiaT -_-.r_ <

o A - @
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The Basic Batch Denitration Procéss

The method that Mallinckrodt decided to investigate
for producing orange oxide was similer to the mercuric-oxide
process at Jersey City.

The process invoived thermal decomposition of uranyl
nitrate in pots. A highly purified uranyl nitrate soliution is
heated and agitated in specially fabricated stainless steel
ketitles. The heat drives off the oxides of ritrogen and water,
and, in the process, the solution is ultimately transiormed to
uranium-trioxide powder.

A skestch of the type ¢ denitration pots used is
presented in Figure IX-5.1.

Tigure IT-S.I IEECIALLY TREXICATED SIRINTESE
STEEL FOTS wsre used in the vatch denitretion rro-
cess.
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Initisl Experimental Work In Jersev City

Mallinckrodt research personnel initially trieg
thermal decomposition of uranyl nitrate in the labora,ory, an
the experiment proved successful. The next stebd was to Try the
process in the plant. - -

The University of Chicago group arranged for several
thousand pounds of black uranium oxide to be delivered to the
Mallinckrodt plant in Jersey City. The first step in the plant-
scale experiment was to dissoive the black uranium oxide in
nitric acid. The resulting soluiion was then fiitered into the
stainless~-steel kettles. Next, the cozl fire which heated the
kettles was started, and the stirrer was turned on.

As the heating and stirring proceeded, the water
evaporation, the thickening of the mixture in the pois, and the
brown, ritrogen-oxide fumes coming off indicated that the
erticiretes decomposition of urany. nitrate was occurring. As
the reaction continued, the materizl in the kettles became dou
and ulitimesely turned into 2 bright orengs powder -- the scugh
after uvrznlium-Ttrioxide product. -

AZzer the experiment was repezTed Twice, eath tim .
ith sirmiler results, tre Mzllinckrodt researche*s conciuvdad trhes -
the process could bte used for plant-scale production of the
necessary uranium trioxice.

Problems In Accuiring Ang Irnstellirg Eocuipment For The
Q = v

- - as poded e
STy LOWIE rLZETU

beeie proces= rzS Tesen cevelcped end provsd -
rext ctroblems that Malliirngxrodt facel concsrneld
$¢TingLE11z2tion 07 the eguipment neeied to
ium-trioxide production plant in 8t. Louis.

veing coal fire, whick was both curmtersoms zhrc
neg%t the rezczicn pots in St. Iouis,. Mallinoxzrodés
ch ovens. The ZJesizn was based off that of tre -
ns uszd to hezt trne mercuric-oxide reaction ¢ots=
gnt irn Monireszl, Ca:aia.

Ma . linckrodt's personnel in Jersey City triec¢ To purchass

stairiess-stes2 kettles for installziion in St. Touis; rowevex
stairliess-stec) was practically unevellarle 2% the time. Even 5

hig*-“**or_t" or ders, 2 ririmum of three to six months wes regulr
for dsilivery. To get the job done in time to mest the needs ¢
Ch_caxo Erovy.; Mallinckrodtr decided to dismantle the red-oxide 3
in Jersey Cizy and ship the equipmsnt on fletcars to St. louis.
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Another problem became evident when the eaquipment arrived ‘
in St. Louis. Tre shipment includedé 220-volt, two-phase, gear-
head motors for which there was no appropriate eleciriceal rower
at the St. Louis rlant. This obstacle was overcome When, through
formers were loczted which convarted the three-phase power of the-
St. Louls plant to two-phase power, —

Activizies During Piant Start-Up

After the installatior of the necessary eguiomeni wes
completed, the St. Louis plant was ready for start up.

At firsi, the plant operzied without incident. The
equirment performed satisfactorily and the denitration process
proceeded es anticipeted. EHowever, as the reaction mixtures 3
the tots begen to thickern, a mecharnicel vroblilem developed: <ha il
eziteters tegan 0 kind. As the binding ccorniinued, the Icesd on ’
the mesors that Srove the agitazors increases until the motors
flnelly tors loose carrying wiith them large chunks ol the concersi:s

£io0or to wnich they had besn bolizdé. ’ -

Trne cdemase. was rerziregd, ené to precliule further )

occurrsnces, Meilinckroét Installed stronger btreces for the motors

erd zzizazors. In additicn, the blzifes of the stirrers were

cnarzzd to prevent binding. After these changes were incorpeorsatsd,

tne plarnt operatzed withou: furiher significent technicel 4iifi- - T

culiies. . ‘
Ore of the eerly deniireiior ketrtilez is shown in

Tigure IZ-3,2, - ..

Nv s v = Tm«y.O-_-;vv-zv-.v-s

- e wmo e wmerebs VSTl [
2

Tre rrocess inizially devslcored by MellinzkrodT in
1242 sortivved T Ttz the Tasliz ganlitrzTion teshnolegzy used Ior - -
croduction of Ul. Taroughous tTaoe entirs-iizstaxry of fesi-melsriz =
processing in tn2 Stv. louls/SWellon Spring erza. _ T
A numter ¢ imyrovzmEni: zmi reflrements wers mede,
hewever, over itne years., Wnen the ursnium procdessing opsrazticn -
moved to Maliincxrodt's Testrehen Sirsst piant, three mglor
changes were incorporatec. They were:

(1) ZInstellation of burners dirsz2ily under the _ .
rcts 0 rez_ece the Dutch ovens which nad been -
used et the main St. Louis piant., The resuit

wes more efficient heating.

(2) ZIrnszallatiorn ol a more effectiv: and efficient .
rnitrigc-acidi recovrery systen.

tem v
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tion of orange oxide.

Figure II-5.2 DENITRATION KETTLES of this type were used in early
produc

"
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(3) Replacement of the manual unloading technique,
which had been used at the main plant, with a
pneumatic unloading system. The pneumatic
unloading operation is shown in Figure II-5.3.

Figure II-5.3 ZFPNEUMATIC
of the denitration pots,
made.

UNLOADING, which replaced manual unloading
was one of the improvements Mallinckrodt
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Section I .

Part

(oaYe

LEVZLOFMENTY OF TEZ FIUID-EIC DENITRATION SYSTEM .=

e fluid-te

uraniuwm triox

Mallinckrodt Chenic
d -

“rne fluid-bed
thrsughouwt tThe counIry T
be & more eccromicel, mc
of denisrzziorn

2l Works' actiivities in deveiorin
ess for dernitratiiorn of uraryl nitirate to produce
(UCB’ orzngs oxide) were :startes at weldon Spring

rrelext wzs one of & numter of aitemsis’ _
C Zzvelsr & conTtinuous rrocess thet wouls
re effinlerns né more elfective meshed -

2
then the estzzlicered toi process.

The pot process, whizshi is discussed in deteall in -
Section IZ, Pert 5§, is a tezch orsrastion. It involves thermel

decorros:

.2
Fige

(1)

(2)

(3)

()

ion of a higrnly puriliel, uranyl nitrazte solution irn
specially fatricated, staeinless stezl pots which are heated by ==
burners. The uranyl nitrec

The pots. Vate bl
Tre sclutliorn is
urenium-irioxicds powder

-p - - - S - - -
10 remeves tTne revider Ironr T

the added advantege ol =impli:z
the process =2ls 3

m

soZution is heated and agitzted in

I7 ané rnitrates decompose greduselliv.

Jirst o & cdough, and firne:ily to

} tnewnatilz conveying device is emplorzsd

ot} g Zor sunsequent use In gresn-~ -

=
hs z

< FY
r L8 Qriven ¢

TYOZE58 WCYII well. T 15 & simple orerzzion wi:Iis
I7y¥ irn sculipnient desizn. Eowever,
9 has sesverzl ilizsfévzrnteges, including:

Direct orerzzing costs ere high. The process
requires mzny oTeraTors o run a largs number

o pots.

Cests ars nign Jor exzipment maintenance. The
stairless stecsl otz neve a high failure rate anc
require fresuert rerZzcement and/or repair.

Control ¢f temnerziurs and other techrical

factors irflivescinz troduct quelity in th

troductior gro3zzs Iz limisad.

T“he system, gr 2IIn cne, rra2ssnts some nezlin —
hezards assozlietss wlth cranze-Ccrxice cdust and ITum=E.
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Potential For Economies 8nd Improves Guality

Early work at Argonne Netionzl Laboratory indicases
that denitration in a fluid-bed rezctior might be a feasible

alternative to the pot process. -

With fluid-bed denitration, it seemed likely that
sigrificant savings could be rezlized in the cost of equipment,
operations, and maintenance. Furthesrmore, the fiuid-bed reactor
would afford better contrc: over technicel factors, such as
temperature, which influence the qualiiy of material produced
during denitration.

The Fluid-3ed Reesctor ) --

A fiuidized bed is a2 bed ol s0l1lid particles supperied

ty 2 filuid flowing throuzss it &t a2 sprecific velocity in an

upward dirsction. In uraniws production, gas 1s used as the
fivid, The bed is contained in 2 szell, and to ellow for )
excernsion, the bed 1is rot resirictes or top.

Wher the gas passes through at the proper velocizy, i3
causes tne bed of soiig perticles to expand. The perticlies tecoms
susgended in the gas, andé irnstead of resting upon one znother,
they separzte and move ztout fresly, essuming the characteristics

of a flaid. ; .

Devz.orment Of The Fluid-Z=4 FY¥ocessing Techniauce

-.‘"-.3.: -

Initiel develorment of meierizl processing using fluis-
bed reactors occurred in the United States in the petroleun
irdustry during the.esriy 1842's ir connection with efforts to - -
estatlish 2 beitter procsss for proiucing gesoline and oii Irom T
crude petroleum.

- Q

The vetroleun Irnduszry!
coservers in aTner Trzass: faiuss
offered & numoer c¢f aTzIr 7z Zs

Thelr principel ezdventesss included: 1) excellernt
temperzture control, (2; continuizy of operation, (3) high heat
transfer rates, and (&) excelient fluil-solid contact. Al of
these features have sigrificence irn uranium processing, andéd the
first three are especialiy important in thermal denitration of _.

uranyl nitrate,




852633

L]
)
1 ol [t
NIRRT R Ke)
{ 1) &) ghy Iy
1) YIS RIS
) [G] vl [(}]
[} vl no
H (R |
) ] IR
[ TR B TR
[ R "ol
PRUEANIEE
f Ll byees
VL) fhnd
f o &
TAr b
L] — _v -"‘._

v —
<
-
-
-

T
[
-—
~
-
-
Ly
=
-

_SUe_Z
. re
%) X
~ =
- -
- gsn
S awn
——ae
s>
~qc-

[ st ool
ol b 0 ol
1 BRI &
“l (I LI S ]
I 0w m

1 €3 g}ty al

)
4]
(L]
(4]
L

£
(]

ce S o
Jar.agmnEn

-

Prowmtesewes cemimem 4 ree
O

.

v
;

us
v.ﬁ-».u b %&

2 ._?.
,..w. %
nm.,_ r M.. ’
.ﬁ..»..u (DN :_,Mn

L}

Y

e

~

).
{

Q!
ELsA

Jrisay
2.

H.m.m.

3 e

A

M»ﬂ--—-—. —

a
)

—

o]

3
!
i
i
1
|

()]

—— . ya— oy
- - - -
-~ e

g m—————— . —— -

—— e ——
- - ——

=y




e

[revrRrs"

)

o g

-52- 952653

In the first ster in fluid-bed denitratior, a bead cf
uranium trioxide particles is fluidized by a gas (usually gir
and/or steam) and heated to BCCOFP-7C00F. At that temperaturs
range, evano*ation andé thermal decompositiorn of urarnyl nitraze
occurs. A uranyl nitrazs soluzicn (UNE, uranyl nitrate hexa-
hydrate) is then sprayed inzo the fluié-ted reactor.

hben individuzl cdroplets of the spray enter the flulé-
bed reactor, they are heeted by contact wi:h individuel uranium
trioxide particles moving edbout freely irn the denitrator. The
heat ceuses reapicd evapo*ation arné thermal cecomposition eorf the
droplets and transforms them into uranium-trioxide solids and
nizric acid fumes.

The chemical resctior that occurs is identlicel to the
reaction in the Dot rrocsss. rFeat aprilied to the urenyl rnitrate
nexanydrzte removes wategr and nitrzies as geses, and rrofuces
urznium trioxide as the remzining solid. _

Urnlike the pet mezhed, FLuld-Tted édenitrat
ecdvantess of being & continucus process, As denitr
urany--nitratg l.Quor Tf=¢ irnTo <he reecIor octurs,
orange oxide in tThe bef increases, The eX2E2s§ OVEY
volurie ol UO3 in the bed rspresents the product. IT is
tiruously Y-e"‘ove., from the resctor &% & reguizr rate, T
recleced by newly producsd grange-oxide rproduct.

Inizigl Piliot-FPlizrnt Develdrrment In Et. ILouls

Trhe encouraging resu.ts 0f Argonne's laborziory scopins
elforTs rrompted an exteansive, full-scale resgarch and develonmEnz
EYsgrem et whe Mallinckrodt faz2iliiles in Sz, louls. Trhe ulzizmz=E,
lorg-rance ctfective ol the ctrosr ¢avelor a2 practicel
finid-ted dénitration sysism thes successiul on a p.an<
scale,

TnZzET, & zilzTezoelsz-IluiZetsd rsgeTor, Scmewhes
larger thanrn the first smelli-sczls re223T0r a2t &rgonne, waes InsTelTsd
et Mallinckrocd<'s Destrehnarn Streset fs2ilisy in St. ILouis. A o
ske=ch Of the rsszezor is shouwn in Tigurs IZ-5.Z. --




[

G . Gl

-53-

952653

Ya Kiwig Avid Bumpwary

Rovssy Yoime

Lavarnal Meseres (4D

Product Laas

Figure II-6.2 DESTREHAN STREET PILCT-PLANT FLUID~

BED DENITRATOR.
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The Destrehen Street pilot-plent fluid-becd denitrator - --
advenced the design concept of the Argorne denitrator t
porating several improvements. The major ones &are list

(L) The Argonne rzactor had been nezted with extern

heaters only. The Destrenan Sireet unit empioy
18 internal, electrical beyonei heaters in
addition to 42 external heaters.

(2) Az Destrehan Street, the off-gas system used a
cyclone instead of sintered metel filters, whicha
had been used et Arzonne.

(3} At Argonne, the rreéuct haé been withdrawn from
the tottom of tha tei. With the Destrehan Siree:
reactor, the product discherged through arn over- -
Tiow opening &% thz Top of the ted.

Piici-Flent WorX At We_gdon Spring i = =
In 1958, & new pilet-pliens Fiuid-bel denitraior was $uT o
into oreretion g% welion Srring. Tizure Ti-c.35 iliustreates iihs _
main Teatures of the eguipment as criginally Ttullr, o= T
Tre Weldon Strinzg unit wes cornsiqerztly more vs -
thar the ore a2t DesTrenzrn Stireet erd vermittsd gregter fL
of oreratzicrn ir terms teth of crerzting condizlons ard r»
rzle.
Cre 07 the mzjor Giffgrences betwesn the rnew Wsldon
Scring cdenitrezor ent the ore zt Tsstrehzn Strast wes the method
of heeting. In ths Wsidon Spring rsaclior, hezt wes suprllied Tr
molsern sgls circulziing through 57, onse-~inch. stainless-ztesl
tevonst tutes locazed inside tne rezotcr, Tne Destrenan SIirest
des ked uvsed z2xtzernal end internal sieztricz) heaisrs. Te _
 oate] teTier itsmperalure conTrsl, tThz slectricel heaters wers . 7
rag 3 im Tne #=u Z23zign wito The ZolTsr-szlT system. =
The origirnal Weldon Sgrinz pilet-nlant fY¥uid-tsc
Geniztrator was later modifiad gs sszwn in Figurs TI-£.2, o7
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FLUID-BED DENITRATOR.
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chief differences between the modified uipmens
ecuipment were:
A stainless steel, steam-jacketed filter ané

a2 blow-pack device we*e installed ir tne mogdl

denitrator in plac rd
refeed system used origi pally. The rew fllteri:g
system consisted of three fiiter ba.._, each of

which had five porcus-metal fﬁiter elements, Ths

¢*1te* banks were automatically back-bdlowr et
redetermined intervels with pre~hezted air,

A new melten-salt hezting system witn beyoret
tubes of varying lengths wes instelled in plisce

of the original molien-sazlt system which used
tubes oI eguzl lengtihn.
CZ A Pilent-Sczls Fliuicd-Zag System Ar Weldor Scring —
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1217y wWes enrounced.

The solution was To soal the as-produced UCs. in uranis
The resuiting rroduct is as reactivz as orahge cxicds
e pot process, and it can be processed 1o mstel-
1ile using only minlmum reguairsd amounts cf
fluori*e.
This answer to the reactivity problem wes Jound az
the same time that the closing of the Weldcn ESzrins
When The rliant opserzzion vies Termireziszi,
work wec s+till needed on one remeining grocfusticn -
trzT of firiing opiimun operating coOnclzizns In =—ihz .

SrsT E'E.

In Mey, 1S64, &z tvlant-scele fluig-bed denitratizn srszss .
was installed &t Weldon Scring. Tis desizm was besed on zhs =
gexrerliznce and Knowiecze geinesd from the pilov-plant vierk a= ‘
Destirenan Strest and at Weldon Spring. g =" -z

Start-up activities, which begzarn in Jure, 1364, were -

terrupted by special work elsswhera in the plant. They wer
ir De ﬂember, 1564, From then until April, 1GEE, the s:ar:—'
ur trvolved additional develcsment.

A< first, it wzs found thz: the urerlum-~-tricxide proiuz:

o2 Tns plant-scaele systern was ot rezctive encugh for suteegusnt
hyircflncrin*:iOn to metal-grads green salt. The guzlity ¢ ths
% crzrgz cxXide troduced was, howsver, idezl Ior use in gmssous
} diffusicn plants.
3 To =0lve ths rszotlivity rtroblem, further ernslrtiszl wWIr: -
% wes 2onductei, enc e pliznned exrerimental progrem vzs exsoutsd. -
; Triz acddivtionel resezren and development vcTL resulTad imog practinal
gnswer to tne protlem.
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Conclusions

Comrrehensive research activities ané piloti-plant werk. -~
2t botih Weldor Spring and Destrehan Stireet resulied in the
successful development of zn operationzl, plant-scale fluldi-bed
denitration system to produce uraniwr trioxide for subsegusnt 7~

use in the production of uranium rezal.

The program's main objective -- to develop e fluid-
bed deniiration process which wouls offer advantages making iz
more practical then the pot process -- was achieved by the
Mzllinckrodt work. The major adventages of the fluld-bed rro
which were established during the sxtensive develorment efor
in St. Iouls and 2t Weldon Spring. ere:

(1) Tne system is more zconomiczl than the ot
Frocess. Crprerating, eauipmenI, and maintenancs
costs are lower.

(2} The process and eguirment provide more conirol
over orerzting ceniitions then the pot sysztzx -
of<ered. : ) -

(3) Fewer rheaith end szf2%y rtrecauticns gre recsssary
beczuse the closes srstem reducss rossible hezeris. . -
Srom dust andé fumes.

Produciior And Cosis - ‘

Procduction and cost dezells eare conteined in Seszion I,

-~ ~ - £ - .. - -
S8 IJUNT N ECnie OO Tz scurzs=:
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Section IT

Part 7 —-=

DEVELOPMENT OF THE FIRST FACTORY PRCCESS
FOR PRCDUCING BROWN OXIDE

In addéition to develoring z commercial ether-extraction
process and & practical process fo* converting uraryl —:¢tr:te
inte or:nge oxide, & third important echievement by Mzllin Xrogd
Chemtcgl Works in its initial work on the Manhesttan Projezt wa
the dsvelorment ol a plant process for producing uranium &ionxl

2 .

(W

£ ()

-

Backzround

Urtil April, 1542, when Mallinckrodt wes called uron
to provicde highly purified urariun compounds for use in tre
experimental nuclear reacicr being developed at the University
of Cnhicego, there had been r=’at've1y lictle work on the reducticon

vo o

of uraniur trioxide (orangs oxide, or LCJ) to uranium dicxide.

Although the literziture contained some informetion or

the preraration o brown oxide by resctiing orange oxide w;:n
kydrogen as ithe reducing gss, MallinckrodtT had to eveaiuaie the
crerztion ané develop a process which could incorporste »'=
redvetion into a p*act:ca¢, factory- pro “uction syssem.

Ths Zasic Process -

In the basic process which Mallineckrodt develcr ed,
uranium trioxide, which was prodaced by Tthe pey process, Was Tusz
into stzinless- steel trays 1n e stainless- steel box. The box
waes pleced in a furnace where, at a relszzively high temperature,
the reducing gas was passeld over The UC3.

The orange oxide rezcted with the gas to producs the

souznt-after uranium dioxide.

-
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Initial Research Efforts At Mallincxrodt - -~

Because the University of Chicago grour neeced the
uranium procducis urgently, and beceuse of theé consejuent pressurs-=-
toward izmediate development of a Ulz-production rrocess,
Mallinckrocdt's initiel research work was concerned primarily
with investigating the corditions necessary to achieve an efficlsnz
reduction reaciion using hydrogen gazs as the recucirg agent. T

In the Tirst exrzeriments, a2 small stainlsss-stesl trar
filled tc varlous deptns wish oranze oxide weas used. The primzx:-
factors examined were: (1) the optimum operating condiiions,
including temrerature, thickness o the U0O3 layer in each trey,
and the heating time reguired (to aziteain 95 per cen®t or betzer __
UO2 assay material); and (2) the exient, if any, of corrosiorn e
the stainless-stegl trays. ’ =

AZTer 2 nunber o experiments, the condizions firnall
used in tze lzboraitory were: & tecgerature of 1300°F during e

four- to five-rnour heatinz verlod; cooling t0 room temreratur _
before orening the bex (0 rrevent cxidation of the dloxide);
eanG & 2i-inch orenze oxide irmyer. These contitions during T
reductics resulted in the producticon of a2 96-3€ per cent UCg
asszvy mazexlial, .- o
Changes Uron Tian®t S:tari-Uc - . o=
ihen the plant was startezZ up, it was necessary tu
increace the temperzture to 1500€F Tor an eight-hour period o
cttain sztislactory brown oxide (S rer cent or better U0s).
Tne treys were Tillel to & deprth ¢f & inches to 2 inches, and
the amount ol nyirggen resuirsed for successful reduction was
changed o0 nszrly doutle ths theorseTizssl reguliresment.
Tegrly in 1oL uiies were cond
exerins tTzs s=Ilezns of ritrate on UL< -
with rycrogzzn. It wes . reiucsicn ccull ;
accomplished 2t a temperature consliisrably 1oWer than T
and that the reduction wzs apperently uneflected by & =
amounis of nlirzie present. .

The Fiant Process

e II-7.1 illustrates the type of equicrent ussg
znt operation.
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Figure II-7.1 FIRST FACTCRY ERCWI-CXILE PRCTY

reactors such as this c¢ne.

v

-
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The plant reactor was a stairliess-steel box, arproxi- -
mately 13 inches high, 17 inches wide, &nd 47 inches lonz. One
end of the box was welded shut. and the other was fitted w
bolted end plate containing inlilet and esxit pipes for the r
gas.

The orange oxide to be reduced was loaded into eliznz
stainless-steel trays which were placef in a rack inside the
reactor box. The box was ther closed and put into zn eleciricell-r -
heeted furnace which was thermostatically contrdo’led.

Residual air in the reactor wzs driven out by runni
CO0, through the box. Then the reducing gas was alliowed to en
theé reactor end flow over the orange oxiie. The unrescted gz
was burned continuously as it left the resctor box throuzh tn
exit pipe.

fter a speciliesd hezting time, the toX was remevss =
from the furnace encd cooled toth in air znd under z wWater sgrar.
¥rer the box hed ccelsd ito the prorer temrerziure, vhe rescting
ga2s was Turned off. Then CC. was bilouwrn thrcugh azgein o rzmevsz .
the resciing gzs remzininz In the bsx., Tinelliy, the broun-cxids
Drocuct WaE rsmoved. -
Use Of Crzcked Amrmorniz As The KReactine Jes

In the fal: of 1¢L2, there was an zzuts shortazz of -
hydroger gas, znd the possitility of using dissociated (craczed) -
emrer.lz to res_ece hydrogen as ine reducing gas Was investizaztsl.
Tre CGissocieTzd enmonia rerformed guize well, and ai emwconis -
craczer was installéed gs pert ol the systenm. -

LT first, litile Tundarmental Work wes dorne tTo Cestermins
the 5est conditlions for rzduction using the cracked ammenia, .
Fowever, L7 tecemes zrrerent early in 15235 thet procducticon demands - _
coculd not te me= under she corerzting concitizns then zrezoticel. —-

Therefore,  program O e€XTEXrImernis Wes cazrrisd zus =
to examine tne factors affecting recuctiorn Iz Ttne Zurnzocs ani =
exenine the condisions necessary tc mest Trofuction FegulirsmenTio

The results of the investiga*tions snowed thes wizth =2 .
few changes in operation and bty redesigning perts of the reegotcr
box, it would be possible to increase the pilant's cepzcity.

I~ was concluded that the furnacss should bte run crn =z
different time cycle, the weight and distribution of trhe UL, I
tne box sheuld be changed, and ths specifisd method of operz:zice
stoulsd te adhersd o csrefully, Iesign chengss in the eguipmsen-
were made tO imprcve the gas flow. ’
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After additional experiments, it was decided to charze
the operation by starting the box at its peak pressure andé
stopping the gas flow at the ené of four hours (two hours before
the box was to be removed from the furnace.) The results of these
changes were good and reduced the cornsumption of cracked ammoniz

Investigetion Of Other Potential Reducing Gases

During a period of three years, in addition to evaiu-
ating the use of hydrogen and cracked emmonia as reducing eagsrntis,
four other gases were extensively studied to determine their
potentisl values for use in reducing orznge oxide to brown oxidszs.
The other gases were anhydrous ammoniz gas, wet hydrogen gas,
ertificial gas and naturel gas.

The resezrch was carrieé out in both the pilot pian:
and the plant.

. The resuits of the research indiceted that cracks:3

emmonia was the most econonical, most readily avellable, and
rmost easily useble of the gases eveluated. :

With the use ol anhyérous amrmoniz, a larger guantizty
of the gas would have beern required -- in comperison wiih craczsd
ammonie -- to achieve a given assgy.

The research indiceted thet the use of wet hycrogen gZas
could offer possible advantages as 2 reducing egent in e reductiocn

unit designed to use & series ges-flow arrangement of tecxes.

Artificial anc naiural zges were found unsetisiaciery
i - & L E : p
s regucirg agents, because their tes would resuit in the

formetion of heavy carbon derosits which would figXe and con-
Ttamirate the UCy producc. - -

The testch proceszs whisk Mzilinekyrods developed for
irng vraniwn trioxids o urznium dioxide was simple and
T

The method, with improverent modificatiorns, was use
continuously for seven years, from 1942 until 1949, to produc
U0, required for the United States azomic energy activities.
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In his official government report, Atomic Energy For _
Military Purposes, which was completed in 1945, Henry DeWolf Smy:h
commented on the brown oxide produced by Mallinckrodt. BHe said,
"This oxide is now used as a starting point for all metel pro-
duction, and no higher degree of purity can be expected on a
commercial scale.”

In 1948-1950, when successful continuous processes
were developed to manufacture green salt, significant advantages
were indicated in a potential system which would combine a con-
tinuous U0, process with a continuous UF, process. Thus, work
was begun %o replace the batch U0, process with a continuous
method. (See Section II, Part 9.%

Production And Costs

Production and cost details are contzaine2 in Section IV.

Related Documents

The following numbers refer to bilbliography entries
which are the principal sources for more detailed informestion on
the batch process for producing brown oxide: 6 9, 10, 11, 12,

41, 43, 67, 70, 95, 99, 111, 113, 11k4, 115, 162, 172, 185, 18%,
201, 222, 223, 224.

Additional references may be found in some of the sources
indicated above.

#
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Sectiorn IZ
Part 8

FIRST FACTORY PRODUCTION OF GREEZN SALT IN ST. LOUIS

The start of Mzllinckrodt Chemical Works' urernium-
tetraflucride (U“A or gresn salt) pliant in April, 1943, repre-
sented the culmirpation of 2 "crash program” by the Company 1o

inst2ll & commerciel, baich-~type green salt operation in S». —ou

I the years from 1943 to 1851 (when Mellinckrod:

introcduced the stirred-bed green-s&’t reactor), the Comrany Improves

the process and eguipment, and employed the batch techniqus

-

produce a mejor portion of the greern szlt used for the Urited
atomic energy operavions.

Eeckerouncd

Early experiments to develor a process for converting

highly purified urarnium dioxide (UOZ, or brown ox*de) to uranium

tetrafluoride, which is commonly known as green sal:t¥#, were
urdertaxen by researchers at Mallinckrod:t, Johns Horkins Uriver
E.I. du Font de Nemours & Company, ILinde Air Products Compeny,
Fershew Chemical Cormpany, erd others, Wet methods arné high-
temperature, gas-so.id reactions were investigated.

The dry Lrocess wh h %34
mercial productior involveZ Tt
dioxide with arhydrous hydrogen fiuor de.

*Ar early type of "green salt," potessium uranium pen~af1uoric
(KUFg) -- not what is referred to as green salt (UFy) today -
was Eroduced in 1S42 by Westingrncuse, for use in their metal

operations. The process empliloyed the rays of the sun in a thc'

chemical reaction o uranium oxide with potassium fluoride

_____

-
-

Beceuse this wes, lizerally, a2 "fair weezner" process, guarti
proéduction became a serious problem. By late summer, 12L&z, Ik
uncertainty of sunlight znd the availability of uranium tesre-
fivorice, which West:nz*cuse 2222 uss Insveazd of {UFz in T
metal cperztion, led to tne ztandenment 27 The sunlighs rro:
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By late 1942, this process was adopted by Mallinckrodt,
du Port, Harshaw and Linde for larzs-scale production ol UFy,.

The Easic Ury Process Emrloved At Mzllingkrodt

In the basic, batch-type. green-salt procuccion process
initially adopted by Mallinckrodt, anhydrous hydrcfiuvoric acid
wes evaporated ancé passed over hezzed brown oxide, which was
contained on graphite treys in a grephite reacvor.

The hydroger fiuoride (¥F) gas reacted with the brown ;
oxide to form the sought-aiter green seli rroduct, uvanium .

n
cwrafluoride. Water, which was a by-procuct of the res
and excess hydrogen-fiuoride gas were neutraiized and &I

Pilo+t-F_anrnt Ecuivpment

The primary comrorents o the iniciel pilot-plent
reactor egquipment were: gz furrneces: & grarhiie Ttox, whiznh was =
conteiresd in the furrece, anc in which The hydrof itcriretion
regciicy: TCOX place; and grarhize Treys, wWnich held the Troun -
oxlde inm The grerhite btox. A vwecdsrn esrtsowrrtion tTevwer was ussc -
for neuzralizing the wWaste gases Trom Tihe reseTicn,
Furrnace _
ne furrace consistec of 2 fire-briczck shell in which &
steel "ecoffin' wes mountesd or grzie bars. The coffin hal a 2l-irch
SQuere Cross ssciion and wae grcroximetely E feet Icng. Ore end .
of the coffin wes fiived Wizh z coor, ané the other endé zad wo
l%—inch steel rires welied into It and rrotrufing thrcugzh tihs
furnaze vall. Trese pizes helild cirtoen tutss which_wers usel =2
introduce the rezctant gas z2nd Te remone ine waste gasses. -
T#o gas burners ware insselled under the collin <o
rrovide hea: for the resction. Afzzr tThe Sirst experimental runs,
cr.z o tre turners was remcUed, =zng The rvemelning cng Wi sEnTErsl
under ithe coffin. :
Temperature in the furrzce was controlled manuzlly oo~
regulating the gas and air fiow, A& thermocourie pleces nesr ihs
bottom of the coffin wasz used to messure the heait generzited dy
the turner. Heat distribution in other seciions of the coffin wes
determined by a thermocourle mounted in a pipe installeticn desiznsgs
to facilitate the measurement ¢ temperatures in various locations

saroughout the colfin.
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Gretinite Eox Ané Treys

The graphite bLox in which the hyéroZluorinziion ol +ire
browr oxide occurred was construcied of graphite shesis one ircn..
thicx. The box was entirely cliosed on 1is outer surledss.

Four graphite trays were instzlled witi}
hold the brown oxide charge. The trays were stz
the reactant gas to pass over all of the charze materizl. Durins
operztion of the reactor, the reactant gas, which was inzroduces
intc the graphizie bcX at one end of the boitom iray, pzssed over
the entire length of the tray, then up to and over the lengih of
the s=cond, third and fourth trays respectively.

the tox to -~

=
=
-

=

Af<er it had reacted with the brown oxide in the four=rn _.

tray. the gas, together with the waler vepor that Tormed durirg
ti -

he rzection, ieft the box from the same end 2= whisn it nzs
enterei. (See Figure Ii-7.:, Ssction II, PFart 7)

Two Ttyres of grazrhize boxss were ussd dqurinz <he riloz-
rlent sxXperimencts. Cne tyre exrlioysd sclld sldées plecss Tor
suprering th2 trays. When the reszcIor was crerated, trown oxlis
gr.¢ gre=r. sz_1 became wedged beiwesrn the side dleces end the tTrey:s
This causedé the trays to becore jaummes and made them ¢iflicull <:c
remove. In addition, the expansion of the mezeriel Thai was
viecgesi betvieer the trzys and the rough handiing regulirsd io rermcos

the trzys caused some brezkage To oczur.

To zlleviete these rrotlems, an irpreovei tox weas desizn
develcred, and teszed. In the new Dex, each tray was sucported
uscn the one below by a narrow grac-hnite piate, the heizght of whizx
wes ezuel o tne distance between the irays. he sran o :
wes 1ne same &5 the width of the tox, 2nd szcn trey!

2 pror<ion of the side o trne tox. This design ernelz

T0 te removed easily toZether with ite own two siis

WSTrEe n0 CrectixXs Cr rscsessss wWhers grean salt or krow :
accurulzte, and cause the tray 1o become jammed. .
vaste Gas Eys=ten

Waste gzses, which were composed of hydrozern Ifiunoride
and weter vapcr, were removed from the furnace and conveyeé tc =
wood=r zbsorption tower. The piring originally instzllizd for tris
system wes made of iron; however, corrosion and sczling cof the
material ceussd DIUgsging to oce To elimingte tals ¢
brass piping wes installed &5 &
iron tipe system.

2

ur. x
- - e e
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The wooden absorption tower was zpproximetely one fooz _
square by 15 feet in length. The tower was suspended over an
partly within a 30C-gellon iron tenk which was filled wich lim
slurry. The lower end of the tower dippred below the iiguid level
of the slurry.

Slurry, which was drawn off the bottom of the tank, was
pumped to the top of the tower where iz was aprlied to neutrali:z
the BF off-gas. The top of the itower was venied to elilow the
neutrelized gas to escape into the atmosphere. After it had beern
used, the slurry was discarded.

Develortment 0f Effec<ive Resctor Operating Conditions

In eddition to designirg end develoring thes eguipment in
which to carry out tre hydrofiuorinaticn reactiion, the other primery
a0z K =~

objective ol Mellinckrodt's develorrment activities wes to estsblisn
the most eflective rrocedures Ior procuction operztion.

MelliinexrcdT's.labeoreZory and rtilot-piznt studies shows:s
thet the most inmpor:iznt orerzting veristles in The hydro-
filuoringtion reection were: 1iemperaiure; ithe guantizy of nydrczen .
Tivorids exmrlioysd cCuring the reazction: the lexngtn of time the
povéer was retained in the reactor; the arranzement of the brown - _
oxide in the reactor; ané the cdegres ol reectivity of the trown -
oxide creargze. _— -

"

Argther "Crash Prozrem" To Achieve Piant-Scele Production

Mallirnckrodt siarted tlant-scezle production of grsen
selt in Aprii, 31943 -- onrly z Tsw nmcrnThe a2fter the Company hel
steriel lerTorelory work To s£T ur a zresn salt production processs.

Tre need for gresn gelT ¢ meet the demands of trne wer - )
efTort rejuireéd the Comparny to cerrr sut a "eresh prozram" compers:ls
in meny restects TO The spectaculer ITilty-Zey uraniuvm-purilices -
scele-up, Troxr lgborasory TO Ton~fer-Izy Trscustiern, In 2T -
of 124z (see Sectior II, Part 2). any out-of-the-ordin mes
were usef to pur the tlant in orera=iosn es reridly es possihlis,

Tor examrle, as in tne earlier 'crasz” effor: to set up the eTner
extraction operztiorn, instead of using detailied eneglineering &revwings.

X
eguirment-insteliation plans freguently were sketched roughly on
small shecsts of peaper or were chezlk-érewn on the walls and Iloors
of the builiding that Mallinckrod: lezssf for construcition of ihe
greer~-saelt feciliitiss, the sashr and <cor works adjacent to <the .
Torrenyts mein St. Iouls piant. ’ : -

Mallinckrocz engineers gré other technical personnel
Provided sraund-the-olo2k supervisicn znd on-site answers to any -
Trotlems +that ocgurrsd during the fasT-saced rrojecw,
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Process And Ecquipment Improvements

The type of batch reactor gsed for plant production

is shown schematically in Figure II-

.1.
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Figure II-8.1 EARLY PRODUCTION OF GREEN SALT was a batch process

carried out in assemblies such as the one shown here.
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The reactor unit was made o firebox-guality steel.

t was approximately 24 inches high Ty 20 inches wide by £€¢ inches
long. It had a hinged, gaskeied docr arnd was mounted in a gas-
fired furnace,

Av firstv, graphite tray a2ssemblies, slimiler <o those
described azbove for use in the pilot riant, were.placed in the
reactor box to hold the brown oxide charge. In 1SzL, Mzlliinckrod:
replaced the graphite trays with treys mzde of Monel, a materizl _
that was less expenslve and less sutlect to brezkage than grapnizs.

In the original plant., hyérogsn ges wes fed into esch
reactor separately through steel pires in paraliel Ilow.
Mallinckrodt imrroved this process arnd achlieved more economicel
use of HF by installing a series gas flow to reasctor benXs con-
sisting of five reactors. Leate in

0
[{LI R I
4

Si3, the Company mede grnother

improvenent to the system by replacing the stecel Tipes with plipes
made of copper. The coprer pipes wsre not only more curatle --
ard, in this sense, more ecoromiczl -- bul they weres alsc less
nezardous ther tTne steel pipes. Ths hydrolflucric gcid cocrrofiscs T
stecl ripes, mekinz pin holes., Ferscnngl were in jecteardy ol Tsl
burred oy acid that could coms tnrouzh the rin holes.

. Ir. the rroduction orerzTisrn, brown oxide was surcoiss
to the gresn-salt prent in drums, ez:zz of whiznh cosntalined & TS-
pourd tray load. The UCp was srrezi uriformly over the reacior
trays with a2 comb-like device whizh Zormed a series of ridges on
the surface of the browrn oxide. Thiz uneven surfezcs exrosed a
Cargsr ares OF the charge to dirze: 38 contact Then z smeotin
suriace wouo_d 1aVe eXposed. : -

L conzrolling thermecouc_e leceted helow tThe tottom
meintained & siealy TeeCTtor tempereTire of 1273°%7 T STeadal
Meilireckrpss caréucted stucdies whicrn shcwsd tThet higher tempereata
would hevs caused excessive caxing con ths surfezce of tre pewisr,
ané Ircomrlets conversion of »l3e I the lower Teyrt cf
the Zel, Tomisr Termrergiures = ;2 rzgulrei That the Trswn
oxlds Te retaired in the reesctor Icr & longer period To oTteln =
sezislactory cdegree of conversiorn.

At the temperature specilisd gbove, anid when the hydéres
fluoride zas was to be disceriec after peassing through five reect
reterntion time for the powder was agcroximztsly 25 hours. Waer
larger numters of reactors in series were served ty the same ga:s
strear, lorgZer retention times were regulred. Thue, whnen 1% rez2
Wware on & Single gas stresm, eech rez2tor a2l to be rezained iz
furnzce For eprroximetely 48 hours.
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o The HF gas fed to a reactor bark was controlled to

. keep the total supply equal to espproximately two to three timss _
the theoretical amount of gas required to convert brown oxzids to
Ury. With a bank of 15 reactors in series, the gas supply coulé
be 25 low as 1.5 times the theoretical amount necesseary.

Irn the original plant, the gas flow to the reactors
was controlled by two pressure gauges which measured the drop in
pressure across en orifice. In 1647, Mallinckrodt improvsdqd
gas-flow control by repliacing the orifice meters with Haszellioy C
rotametiers.

Conclusions

In Apr il, 19k3, apnroximately orne year after ite
succegssiul fifiy-cay scale-ur of uranium purification to produce
U0~ in tonnage ouanulhﬂes for tne Manhat=-an Project, Mallincxrocds
corn_:ted enother "crash rrogran"” to install a batch-process,
green-salt procuction plant.

The rlant served the naticn by precducing & mejor rers

T <rhe urenium teztraZileride for estomlic energy operazions Irom

1g43 until 1861, urlrg tnet perlod, the Company impreved rozh -
the rrocess and the equipment o make the batech green-salt operaticon

1981, the Company replaced its batch-type green-sal:
reactors with new, continuvcus-process, stirred-bed, screw-conrercr

green-salt reactors wiich Malliinckrodt hed inventefl, desigrned and
developed.

Zroduction and cost details zre conteined in fection IW.

The fo>lowing numpers refer to o*b1iography en tr;es
whizsn zre the :r_nc*va_ sources for more detziled information cn
ThE batch, green-czli production p*oc=sc discussed in tnis sut-
section: &, 10, 1i, 67, 60, S8, 110, 112, 116, 117, 134, 138, 2:z=
18¢, 2¢z, 2;6 422 223, 2zL,

1.

Additional references may be found in some o the sourcez -
Iindiczztsd zbdove.

# -

more economical ard safer. - -




i R
iy

~T2- “8952653

Section II i
Fart 9

DEVELOPMENT OF THE CONTINUOUS-FRCCZISS, STIRR=D-BED REACTOR
FOR THE PRCDUCTION OF GREEN SALT AND BRCWN OXIDE o

In 1G48, Mallinckrodt Chemizal Works began experimenza~ -.
work in search for a continuous process for the production of
urarium tetrafluoride (UF,, or green salt). Tre wQrk ultimetely
resulted in the develorment of & urnicue, stirred-Ded reacior ="
which ermrloyved a2 screw-conveyor for Iransrorting the materials in
process. -

cb iy
(RO I ]

I» the course of tre work, the eguipmen é oc
were adapted to the productior of uranium dicxide (UG, or crown
oxide). By combining the continuous LO2 process wi:h the cortinucus
UFu Frocess, allinckrodt wes zble to Duiid s piant in which C=..
was produced continuously using urenium trioxide (U03, Or orangs

ct
1]
I}
cl-
m
lln
]

[
n
(O]

oxide) as the starting material.

Backzround

Ir 1CU3, Mallincxrods first ins<tallez tatgh reactiors o
the reaction of trown oxide with anhyrirous tyircge:-flucride (AZS)
r Sigcussion of tixe

s
batch gresen-sal ocess is presernzed in fezTion 1,
process works €., but by icl3, incrzsassd oxiids vr
threacened to excesed the capacities ¢l both tns gres

trne mezal plants.

1543,
o] ro

gas to produce green salt. (A more detailes di
alt pr
& wel

,..u

raced with a need for greestsr rroducticn capacity,
Mallinckrodt technical personnel prorosed the ldea of stirrins
the oxides and green salt, while conveying them countercurrert
to the r°ac+1ng gases, From 1948 until 1951, through its
laborauo*y and piiot plant work, the Company developed tne rew .
concept into what was considered by zuthorities to be a “racicelly
novel" gresh sal= process -~ the stirrzd-bed, Screw-conveyor
reactor process.
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The Basic Stirred-Bed, Screw-Conveyor Reactor Concept

The basic stirred-bed reactor concept that Mallinckrod:
developed for green-salt production involved mechanically conveying
UOo through a heated tube at a specific rate by means of a screw/
agitator mechanism, and at the same time, passing anhydrous hydro-
fluoride (AHF) gas through the tube in a countercurrent manner.

A typical stirred-bed reactor employing this process 1is shown in
Figure II-9.1. The continuous stirred~-bed, screw-conveyor reactor
for brown oxlde productlion 1is nearly identicel to the green-salt
reactor.

The type of rotating, stirred-bed agitator/conveyor
located inside the reactor tube is illustrated in Figure II-S.2.

Seal Happer

Figure Ir-S.1 TYPICAL STIZRED-EEZ GREZI-
SALT REACTOR ASSEMBLY.

Figure II-9.2 AN AGITATOR/CONVEYOR of the type
shown here rotates inside the stirred-bed reactor
tube.
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In ail of the development work, the AKLF gas was intro- .
duced into the reactor at the product-discharge ernd (to give the
desired countercurrent flow), and the exhaust gases were rsmove:s
at the UCpo-feed end ol the reactor. Hea: was gpplied externally
to the reactor during the process.

Objectives Of The Research And Development

In 211 of the work that Mallinckrodt did to develor ths
continuous green salt method, the chief objectives were: (1! tc :
determine whether the continuous process wculd be practieel; and .

a
(2) if the process were practical, to develop the operating rro
cedures and process-eguirment designs on which to pase construc
of a largs-scale production unit.

The cornstructicn of Plant 7 in 155% marked the rea’llizaiizh
of these goals.

Extensive Pilot-rFiant Develrment - - T

The exzent of the pilot-rlaznt develerment isg 1lluszrgtel - -
) by the Tact thaT & tozal of 36 different conveyocrs and four - =
- ifferent basic rezctor units (with esdditiornel variaticns) were
L designec, febriczated, testel end eveluated. ’ -
- Trne Convevor
the development program, the conveyor desigr was .
founé to be en excerticnalliy critlzzl verizble in the opsrsiion ol _
the stirred-teg reszctor. Therefore, the gresaztest part ol the riloc- -
5 rlant werk wes ceveted to develoring a sullabie cdnveyor. N
o in oriinary screw-reactor would hava besn totelly -
;1 unsatiisiacicry tecause 1t seemed to cause cr zlliosw caking under .
i imost erny condizlions, ené did not rrovide very gocd azizatiorn.

- o2 -- - - S 4 Ae Y o - - - -
LT wes Zirne_ .y @ ermlinal YLav tne CINTTS

:d-
ir <7z goanTinusus reacicr should heve the folilowin

- To achleve complete hydrofluorination, it must
e able to convey material slowly through tae
reactor.

- To produce 2 uniformly kydrofluorinated producz,
the cornveyor nmust provide gocd mixing.

- 7 must be abie to revolve a2i 2 sO

veed high enouzs
to prevent ceking of the UO2 feed and the UF,
croduet.

. During
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To enable the hydrozen fluoride to come in*o
intimate contact with the brown oxide, the
conveyor should ailow the reacting ges an
unrestricted flow. ’

- The conveyor must ts made of an alloy that has:
a2 high creep strengzh at elevated temperatures,

ressoneablie workabilizy, and resistance to AHF
and HF-E-C &t high zsmperatures.

A total of 3€ differsnt conveyors were tried in the
pilot plant.*

e
TR

ns studied were of the
86 thres filights with a

t 113 inches in diasmeser.
st conveyor made for the
v cperatec as a procuction

Tre finel four conveyor 2
compound-conveyor type, Xach of th
6-foot, 9-inch pitch, and each was
The Number 3C conveyor, which was ©
Fiilot plant eand which weas subseguern
uni+, hed twelve ii-inch' by 4-inch s-inch dellecters, which
were welded O the inside surfaces the filighe, To Lelp convsr .

=
. . - <~ e 2 s _ -
en¢ mixX ths reactor materisis. Ths feflectors were sreced

!11 t
Hn

0]
e

o Y e
| +(h 13

Oy
“
1

5 eguidistanl betwsen the feed and ths discharge inner ritvtors. -
& "Y" braces were irstelled ebout evsry 14 inches for sirength ané

B 3 o 2 PAS i -
4 L : e BT g .

supgorT.

The Reactor

During the reac=zo velozment prograw, variations
n fecteors that wers investlzzted included: materizsls of
tiorn, tThe Bize of the insiie diameter of the reactor tute,
gth ¢f Zhe resctor, the lenz=xz of the heeted sextion, th
o]
Le!

o
3
n Q.

)
o
MmO -t

[0 I w3 B0

£ 4 I

T hesting the rezoter end ths erxrrzngement oi the hesting
s instrumentation deviess for 2znireolling and monizoring
ratures, anc AET flow. Mecreniszzl Te2tors exXamined includsd::
Teeding UQ, anc AT inTs <he reactor, nethods Ior
ll Griving the. conveyors end Jor gconnscting Iirem inslide The ra:o
<L -
o

ané methods for removing ancé handling the dischargsd rrocdu

o

-

futy

-
~

-
.

o ol

O
¢ e

exhaust gases, =

1y
i -
*

Descriptive detail on each of the 3£ conveyors which were inveszi- 7~
‘I gated in the pilot plant and corment: on the results they gave mzr
B te found in USAEC report NY0-131£, ¥alilinckrodt Chemical Works,
- S<. Louis, Missouri, Decemter 22, _>30. For more specific dzx=
" concerning the ongoing develornment 27 the continuous preccess, relsr
t5> the sgeriss of Mallinckrodt Chemizal Works (MCW) reports entitles
= "Frogress Ferors of Pilot Flznt leor: on UF, Production Zy Contirucus -




e nioins

K i la

i

[

\
]

Qv
Wi
e ———

-76- 152653

The firal pilot-plant unit was a dourle pass resoior,
During testing, it produced a large cuantity of high gualizy ST
It was later used as 2 production unit for Flant 4 ané a3 2z re-run

unit in Plant 7.

Material Of Construction

Selection of & suitable material of construction was one
of the chief problems that had to be solved in the devsliorment of
the continuous-process, stirred-bed resctor. The materiz® selectes
had to have: ex.remely low corrosion rates undsr the resction

condltions; good stirength at temperatures radei:z as high as 15GC°F

and gooc resistance to a grezt deal of abrzsive actien. .
During the develorment program, mors Ihzn te difierens

metals were tested as possd tble materisis of construction Tor the

reactor and/or conveyor. The metzls tried included: stesl for = -

regcteor and conveyor, Hastelloy C for & rezctor ané convaycr, i

Morel for a resactor lirner end conveyor a.uminus for & rsassor =

liner, mzrgznese risted st=zl for a *e;c oy, Irnoonel for g rescisr

zrnd conveyor, Ccorel for a reector znd ccrnveysr, Super Mizxsl (77 -

rer cent correr, 37 Ter cent nickel) for s convsyor, celorized sstazl

for & tonveyor, end Tiiium R for a rsazwor and corivelor, -
AfTer tne long tssting program, botn Illium F ozni . .

Hastelloy C were fournd to be saiislzCtOry IOr Tne eglitTEator/eonvErcr, =

end I_Z:ium R and Inconel were found to be accertabisz for <he resc:idr =

tube.

Temrerziure ContTrol =
Arotner sigrnificeznt Operating variactlis thatl was sxiten- - =T

sively investigated durinzg the develOoTmENT [rosyawm Was Tsrgersture .

cortrol, The temgsraturss ¢l the reactors influercssd tota the - .

ugli:y of thes procuct, &nd the ezzent o any rosselible czring and,cor -
piluggirs difficuliziss. -

Ferly lzZgrzzory work indiceted Tnat 2T 1ZIC & ST cer
cent conversion ol UC. to UF, could be obtainel in less tren one-
tenth The time resgulred at TSOYFP. During the esrly devslormens =
VIOTK, "vwever, eITemrTs tO operate 2t nigher ifszmyrersturssz resulzed
in excessive ceking. The caking eizher suopneﬂ the converor or
> <

resulted in the formetlor of haré lumps with lerge sections of
unconvsrted brown cxide in ithelr centers. Difficultiss wers &glso -
encoun~ered in exreriments at lower temperasturss

. The Zow tsmpera-
tures resulted ir corversicn rates so low that, i arp-iz< on a
lant scale, they would ravs reguirsd unrcaaoua-lf Largs gnounis
P 3 I &

of eauipment.
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Ultimazely, the temberatu*e problem WeS so_vea by using
a graduated temrerature ranging Lrom approximately TCOPF et zhe poinz
where the UCp was fed to about 1100°F where the UFp product was o
discharged.

Investigalions inéicated that the basic protiem In the
conversion of brown oxlice to green sal:t concerned transferring hes:
away from each particle cf UCp as it reacts with the hydrogsn
fluoride.

Eecause the reeaction is hizhly eKOt“erm*c, extremely
high particle texperatures would have resulted if the hest were
not removed at a rapld rate from the vicirnity of a rezctirng
particle. The subseqQuent fusing, which gpparenily results from
high particle Temperature, interfered witn the éiffusior of gas
reguired to continue the reaction. =7 mary pariticies rezchec g
high enough temreraiurs, larze mas the megtsrial wouli uiii-
mately fuse and eventue:ily crivrle the ezitetor/zorveyor mecnanism.

ct
NS
1]
1]

e evident, therelore, thet corntrolled heeting was
very izrorianst, ent for this reason, mulll-zene electricel heetins
wes serscted for use I the plant desiz=z. N
The P_ant Process —_—

The crocess end eguipment designs that evolved Irom =hs
piiot-plant devn’opmeq, work were reduced to practice ené firsx
operatec at F_ ant 7 in 1%8i. The type o stirred-bed hyéro-
filuorirazion *eac:ﬂr emp-oyec is f1lusirezted schematicelly in
rigure I7-2.3. T ’

The Tvpe of greer-segli menulaciuring sysiém which wes .
ins<e>led 2%t the welden Scxring piant iz illusxrated in the scrsmesiz
representeation in Figars Z:I-5.4, The hydrol_uorinestion reactors
were grrangsd in benke corzisting of wiree horizonzel Tutss, e=ch
oI which was 22 fesl lceng ty £ inches in 3dizmeter. The rsasctor
tank was arrangeda in veriicel steck. -

the first stirred-bed reacs
£rszen sait ¢
This rate was schisved aimost immedi
and as sdditiornal experience wes gained w
on rates increzsad.

The design ol
bzsed or. a2 production of 233 rounds of
reactor tank,
start-up,
producti

Cav-
-inae

ox

£r nour psx
ataly ugon
ith the syszem,

™40 mejor shake-down problems zrose in connection wiih
tne Ircrezse of UC. fs=Z rats: teyonc those specifiai for .re
originel pliant design.
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One of the problems involved low conversion and,or czx
which resulted from cifficulty in meinteining 2 low gnough Tempe
ture in the first two zornes of the first reactor. The second
problem invoived the return of dust from the ofIl-gas sIream io
reactor system. When the carbon-tube filter, which wes located
above the top reacior, was back-blown, a large guantity ol m

would suddenly dror into the top reactor tube and place an
load on that tube's conveyor. PRoth problems werzs alleviz:e
minor changes in the design.

Use 0F The Stirred-Zed Reactor For Froducing Brown Cxide

late

[ aetd

>

~
e,
=

a-=.

the

n 1948, Mzllinckrodt attempted to reduce orange

oxide to brown oxide in the continuous, stirred-bed, screw-convsyor

continuoue green-sgzlT process.

Two oF the princiral ctjzeciives oFf trhe inTitel =x2
werz were: (i) to detsrmine whether Low iemrerszTure brown O
could te made in 2 conzinuecus. screw-oonvayodr rsacior; end !
£firnd the most ecorcomical hyircgen rEte, rsTention time and v
temperzsturs for tae production of lew-temrerature brown oxid

In the zechnical rerors whizh summa
ments, it was conciuded that Ttrown oxids coul
bed reactor a:uc that it would “egual cor sufp
which wes obtained from the tatch equitment.

The plan:t ecuipment end procsdure that ultimately
was similar to Tnet ussd for itne green salt operatlion.
Conclusions . .

In conecziving the idee of tn2 sTirrei-ted rescicr
in subsequently cerzZopinzg the concert and reducing iv to ¢
for the continuous crocducticon of tch brown cxiisz zné zrssn
Malilinckrod: achieved a major Dreaiinrouzh in uranium proiv

techrnology.

The advantiagses of the continuous sys<em wers
The brown oxide and the green sali were purer and more
quality than the UC. and Ury produced by the easriier batck
Equally significant was the fact thet the process mede it ¢
for costs %D be greas.y reduced. Furihermore, with the =<l
rezctors, the entire Troduction opgrztion -- from U03 tc =»
s2lt -- waee sgisr tnen ever belore.
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The process was so successful that it was installed at
all subsequent United States green-salt production plants. The
equipment 1s still the inaustry standard for the hydrofluorination
step. The use of fluidized beds for the UO step was started in
1956, and by 1960 fluid beds had replaced S2rew reactors for
brown-oxide production.

Production And Costs

Production and cost details are contained in Section IV.

Related Documents

The following numbers refer to bibliography entries.
which are the principal sources for more detailed information on
the continuous, stirred-bed, screw-conveyor reactor Drocess
descrived in this subsection: 4, 8, 10, 13, 16, 19, 31, 41, 43,
67, 18, 132, 153, 150, 160, i71,°173, 179, 180,”183] 188, 14c,
201, 222, 223, 22&. .

Additional references mzy be found in some of the sources
indicated above. .

#
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ADVANCES IN CONTINUCUS-PRCCESS PRCDUCTICN CF Ur,

DEVELCPMENT CF THE INTEIGRATID FLUIT-EED SYSTEM

I3
+
.
)
'

Trom 1G57 to 18C3, MzilircXrodt Chemical Vorxs! Uran
Divisior. cerried out rssesraz, pllot-pient work and plani-scal
activiiies through which tihe Lfomrany develoved &n operstle,
integrazes system for producing uranium tetrallivoride {UF,. cr
Ereern. salt) on a conTirnucus tasis using rure uranyl nicreicz es
starting meierizl, The integrazed system combined thrss serar
fluid-bed processes develioped ty Mallinckroét -- denizration o
uranyl ritrate to producs urznium trisxide (UC,4. Or orangs oxi
reduction of UC: to uranium dloxids (UCp, or b?own oxice), and
hydroflucrinatidn of UC, to prdduce green szit -- so trnat tie
produci of each siep wzE &an optimun fesd to the succeeding st=
Seckzroungd

Investization of tThe posesitility of emrlioyirng & flul
tecnnique in uraniunm processing weas first sterted in B3 et 2
Netloral Latcratory for use Irn continuous-drocess denizrztion.
eddéitior, & sma_l-szale Fluli-Bed rezotor was designsc eni uss
Argonre for zxpevimsrxaticn oo the Trsdustion ¢f Trown xmifa 2
orangs oxids ané on the sroiuction ¢f grsen selt Jycx ToTwn o
In 195€ at the Oak Ridge Gassous Diffusiorn Piant, Uriforn ZTarz:iid
Nucilear Corrany carried OutT &n eXxperimenial program walzh rasu
in the successiul piant-scal:s orersiicn of g fluldizss-tel red
reaotor designed to use pecTi-grocess orange oxide as the fe2d o

Whiie Argonne and Union Carbvide were studying th2
bility of the fluid-bed corcept as an approach TO coniinuous
processing, Ma_iinckrodt aziready was using a2 successful cons
proc2ss -- Tne stirred-bed rsactor -- which the Ccmpan;'s TE
hacé corcelved and develored during the perlod from 12:£Z to o
Malifnckrodt used *the stirred-2ed reactor process for reius=
until 1537 and for hydroiiucrineticr uniil the Wellon Spring
wes °10sed in IGEC. (Detail:z concerning the develorment of
stirrei-ped reecisy are rrzssnied in Section II, Par: .0
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Denizration of uranyl nitrzte to UOx remzined a btatich
process. However, the prcmising investigatichis at Argonne ard z-
Uniorn Carbide encouraged extensive development by Mallinckrod: tcoc — -

make the entire UO3-UFy prcduction seguence a continuous process
at the St. Louis-area urarZum prccessing facilities.

The installation of a2 pilet-plant fluid-bed denitrator
at Mallinckrodt's Destrenzn Street plant in 1957 was the first s<tep
in the Ccmpany's long-term efforts tc develop an "integrated" flusé-
bed system for producing green salt.

Development Of The Fluid-Eed Denitrater

The nine years cf work, from 1957 to 1966, which Mzllincu-cés
devoted to developing an operable, plant-scale, fluid-bed dernitrzz:o:zrn
process represented the largest and mest significant part of <he
Compzny's develcpment eflors on the entire integrated flufé-bed -
gystem, A detziled ceseripiion cf Mzllinckrodi's extensive pragrzm .
te dezelop the fiuld-bed cenlirazticn process is presented in Sectizn T2
Part €.

Pilct-Pizn<t Tevelopren:t €7 The Filu’d-Zed Reducticn Rezec*cr

In 1958, shertly after inltizl operztion of +the Desirenz.n
Strest pilct-plant filuid-ted denitrztor proved the feasibility cl
the fluid-bed concept, Mellinckrod:s started design and constructicn
work cn a2 pilot-plant fluid-bed rezcticr for reducing UO3, produced
in the fluid-ted denitrazor, to UOz. Although there hza been
previous work on fluld-becd reducticn of pot-process UC3, thers hzd
besn nc previous develcpment of z fiuldized-bed reactor for reducl
fluid-bec-procuced UC3,

Luring the reducticn-rezctor development progrem, the

effects ¢f zl4ering certeln varizbles were examined to determine. -
which cp2rziing conditions weculd achnlieve obtimum productivity as

xei. a5 Esod prcduct assey. The varizbles investigzted Included:
szlids fesd rats; bed height and, therefore, active volume of the
rsacter; fluidizing gzzs velceisy, and the resulting degree of sclics
nixirg; and temperacsure. -

Tne Farst Pilot-Plant Reductlon Rezctox

The original design of the fluld-bed reduction reactor
was based on datz cbiained from Unisn Carticde Nuclear Company and
preliminzry laboratory studles cf crznge oxicde rrocucec by the
fiuid-bed process. A skeich of the pilot-rlant fluid-bed recuczicn. -
system as it was initially desigrec arnd bullt 1s shown in Figure ZI-20.
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REDUCTION SYSTEM.
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The reactor unit was a stainless-steel pipe 5 feet, =S
9 inches long, and 5 inches in diameter. Centered within the pirpe
was a tapered mandrel 53 inches long. The mandrel's bottom diemz<szr
was 2.89 inches, and it tapered to a top diameter of C.63 inck.

The tapered mandrel was a unique feature of the pilot-
plant reactor. It was incorporated into the design to control flut:z-
ization velocity, and thus, to help prevent turbulent solids mixirg
which could cause particles of the orange-oxide feed to "short-

circuit" to the product line before they hed been completely reducsz.

During operation, dissociated ammonia was meiered inzo
the bottom of the reactor through a gas-distribution plate made of
porous metal. Orange oxide was fed to the top of the bed through
& 2-inch-diameter feed screw. The brown-oxide product wes remove:d
from the bottom of the reactor through three l-inch-diameter holes
which slanted towards a downcomer welded to thé botiom of the
mandrel. From. the downcomer, the UC, powder passed through an
expension telliows and a rotary valve to a cooling screw endé a
drumming station.

A screw-type sampler was located 2t the cooling screw
cischarge. Off gases left the top of the rezctor througn a ciz-
engecsing Section which contalined two porous meteal filters for
removing powder from the off-gases. Electrical heasting elemencs
clamped to the rezctor snell supplied heat to the reactor at five
heating zones.

The Research And Deveiopment Program

Much of tne initial experimentaticn was devotesd to - -
estavlishing the operating end design conditions necessary to

achieve increassd product quality through decreassd mixing. A
techrical report dealing with this aspect of the development elicT
snowzd that the single-stage, pilot-plant reducticn reacor cculdé
zg cresrztsd to rroducze e product equivelent to thzt rroduces bty

13 wsll-mixed steges in ssries.

Following the mixzxing experimenis, developmernti activities
turned to procuctior of U0, as feed for the hydrofluorinasion
reactor., Date derived from this phase of the pilot-piant effor:
estatlished more firmly the reliability of the system.

As development of the integrated fluij-bed sys<tem pro-
gressed, it was found that the capacity of the fluid-beé hydro-
fluorinatior. system exceeded reduction cepacity. A larger fiuid- -
t=d reduction unit was installed to overccme this limitation. A
scrematic diagram of the lerger reactor is shown in Figure II-IC.Z,
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REACTOR was larger trzn the ore in the initial sysztem desizn
shown in Figure II-15.1.



[

. . .
i S G N B W Nl B I B A BN SR AN W Em A

i et

_86. 952659

The new unit contained no mandrel, but was built with a
removable baffle plate down the center of the reactor tube to a
point 4% inches above the distribution plate. Orange oxide was fed
into the reactor by a screw conveyor located 4 feet, 9 inches above
the gas distributor. The brown-oxide product overflowed through a
downcomer located 4 feet above the distribution plate.

The center-baffle design served to separate the feed and
the product, and thus, prevented short-circuiting of unreacted
materlal. Another object of this design was to evaluate the
potential of operating the system as two well-mixed reactors in
series. The results of mixing studies, however, indicated that
under operational conditions, only one-stage operation was actually
achieved. After some additional investigation, the two-stage
concept was abandoned.

Subsequently, the demands for high-assay U0, for hydro-
fluorination led to a return to the originel reactor design. Both
the mandrel and the bottom withdrawal system were employed again.
Because the size of the reactor shell had besn increased, the UC
production rate was adequate for the capacity of the hydrofluorintation
system.

The fluld-bed reduction system that ultimately evolved
from the pilot-plant development consistently produced high-quality
UOo. In the final system design, the product was transferred
directly to the hydrofluorination system.

The Plant Fluid-Bed Reduction System At Weldon Spring

The first plant-scale fluid-bed reduction system for the
St. ILouis-area operation was installed in 1957 as part of the
construction of the Weldon Spring facllity.

When the Weldon Spring plant was built, the plant-scale
fluid-bed denitration system hed not been fully developed. Therefore,
design of the fluid-bed reduction equipment for the plant had to be
adapted to operate on pot-process U0, feed instead of fluid-bed U03.
For successful operation with pot—précess U0,, it was necessary to
modify the single-stage reduction concept thét had been developed
in the pilot plant, to a two-stage configuration. A schematic
diagram of the production unit is shown in Figure II-10.3.
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The reduction equipment consisted of twc vertical .
stainless-steel cylinders. Each was 6.5 feet high by arcroximazely
one square foot in cross-sectional area. Orange-oxide feed enterss
tie side of the first tube where it was partially rezscted. T:e
material then overflowed into the second tube where the reactior
was cormrleted. —

Piipn-P_ant Development Of The Fiulgd

'
1))
[
[
{)‘
b}

ofiucringtor

Mallinckrodt started pilot-riant work aimed at develor?: s |
an orerable fluidized-bed hydrofiuvorinestor, the third major com-
rone:.~ 9f the integrated fiuid-bed system.

¥

In addizion to establisring the rhysicel configurszion
of the reactor System, the dsvelopment work weas dssigned To fini <re -
grscifis crerzTing conditions requirsd 1o Troduce meilal-grzds grssnoooC
€2"T Trom flulild-Ted-procduced UCz. A melcr pert oF The invesstizsilion
Zosussl on experiments involving resctor wvelume, solids mixing, -
TemperzTture, velocizty of the fiuiidlzing zes; and solids fesd rzzz. :
The Tl.ot-F_zant Sinz_e-Stage FLulig-Eed HUvérolfiuerinegtor =

Trhe oriziregl hydrofiuorinator tested in the pliict plarnt -
was a2 singl.e-stags urnit. A diagrem of the reactor is shown in
Figure IT-10.4. &5 in the fluid-ped reduction unit, =z tzcered
mendrel was incorpereTed within the reactor Tute.

£ scheretic cdrewing of ire hydrciiucrirnazior system &s N
orizirnelly Tuilt is srown in Figure 1I-10.5. —. Lo =

During orerztiorn, varorizsd anhydrous hydroliloric azis™ .

nzeted to ‘erproximazely 220CF befcre meTeTing. Ths -

£ £es vies vreneated elefzirically in a2 ssectliorn of rizs. -

23 Tne T Torsuzs ' rorous metal Gistritution riszTs. - -

A sorsw 20nveyor was used o fesd urasnium dioxide Inzs :
tnz rzzotsr. Tre zgressn-szlt rrodust was removed Srom the bed T s
dowr.coxzzr Lorough Jocur l-inch rolies in the bottom of ths mendrel. .. A
Frorm <rne downcorer, ths pewder entered an expansion bslleows and
then moved Thrsuzr a rotary valve to a cooling screw whizh converss. -
the gresn salt o & drurmming station. ~

Trz rezoiter waes divided into six heating zones. twc o7
wnich vere wrzpped with electric heaters, and four of wiich were
cortained wizain e radiant furnace. Thermocouples were used to - )
controal tre Zcanes. =
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Off gases were filtered through porous metel filters to
remove entrained solids. The off-gas filters were periodically
back-blewn with nitrogen which was preheated in two parailel
electric heaters.

In the initial experiments, operating instability and
below-scecification product were encountered. After the eguipment
wes mocified as shown in Figure II-1C.6, the reliability of the
orerations was considerably improved, bu; high-gqualiity gresen szlt
still could not be produced.

Orne of the major operating difficulties expe*;encec with
the sirgle-stage hydrofluorinator was reactor p*ugglug. Investi- -
gation shewed tha: the plugging was caused by build-up of cake on
the rezzzor well., The ca2¥ing arparently occurred at any roint ol
high UC. ccricentretion.
Zecguesz of the plugging tendency, low fiuigizin
velocizises, which retard solids mixing, could not bDe efXp-oyed.
Insteacé, high ges velocities weres required to achieve the degrzs
oi ag*.;.lon neesied to reduce the plugg ng. With the resultin
high degree of solids mixing, accepteble green salt could not ke
produced in the single-stage reactor -

Develorrent OFf The Two-Stacze Hvdrofluorination Rezctor System

Supsecuently, a two-stage fluid-bed hycrofluorination
sysiem wzs developed for use in the pilot plant. A schematic ==
drawing o the system is shown in Figure Ii-10.7.

Wwes developed for operation, in series, ahezd of T
yoflidrirsticn uni Dreviouslj ased iﬂ t“e singls
misizmizs pouder-caking tendencies, the first

to operete witn the solids in e wel&-m_xec con-
£ the nrevw reactor unit incorscorated initernzl
£5 TC remcve more efficientliy the hezt generazsl

n the two-stage hydrofluorination design, a new hyéro-

)

1
2
'l
1
m
f
(
¥
0w o

The initiel operation of the two-stage system was com-
pletely successful. The equipment performed perfectly, and it
produced high-quality grecsn salt.

Additionel experimental studies showed that particle sizs
of the Ud, feed had a2 significant effect on product quality. Coarser
brown Sxide wits righesr incipient fluldizing velocity waes found Tz -
yield a tetter gresn-sait product than fine material.
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Operating temperatures were another significant faczor -
which appeared to affect the quality of the UFy product. Tn
temperatures used for the reduction process also were founé te be
important. Experiments indiceted that the optimum reduction
temperatures for subsequent production of specification Ury were
in the range of 1i60°F to 1180°F,

Develooment For Plent-Scale Installztion

The developrent program fo* the fluid-bed byaro-_uorlnat icrn
process included the design of egquirment and definition of oper-
ating criteria for e plant-scele proauctlon systen.

ATter a thorough evzluation, it was decided rnot to imst
a fiuvid-bed hydrofiuorinatior plant at Weldon Spring. Stirresd-ked

hjd*o‘Tuorinat‘on eduipment wes a“rea 7 in operetion there, gnc

althcugn sav:ngs end other ajvanizgss would have been realizes witin

the new rlant process, it was felt thet the benefits would no- Jusiity
trhe expenses Involved in removing the exlsting stirred-bed ssulpmens

ané constructing end installing the re =

w filuid-bed equipmenz. -

Conrclusions

. Trrough & comprehensive &rnd extensive program of resszarch,
pilot-plant work, and plant-scale.activities, Mallinckrodt develogzed
the firs< cor._“uouc-process, Integrezed fluld-bed systaem for pro-
ducing hign qua;l ¥, metal-grade gresn salt from refined uren;l L
nitrate as the starting materizl. The development progra_ wes ) =
cerried on continuously for six years -- from 1957 to 19€3

During the course ¢ the work, Mallinckrodt achieved
geveral major givences irn uUrarifum production technology.

Zomzcnents ¢l Tos Zfinel srscam, whizh was czparle of
successIul opere=ion Cr. & pLant s§ca_s, included: e contiruous Sluid-
ted process for desnitraztion of uren;l nitrate to procduce orange cxils;
& continuous Tiuld-bed rrocesg for rsiucing fluid-ded Uﬁ~ to zrown _-
oxide; and a coniinucus [iuid-bed prozess for converting”fluid-tes

UC» to metal-gracde green salt -

In comparison with other t*ocesses for producing green
selt, the major advantagss of the inzegrated fluid-bed process are:

The mooiiity of the fiuidized solids allows th=a
reaction prccesses To be carried out in corntinuous
operatiorns.

control can be echievred in _
+2ons.
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- Due to the agitation cf the s2lids, high heazc
transfer coefficients can be obtained betwesn the
s0lid particles and heating or cocling surfacesg,

!

Eecause of the large surfzce areza of the fluidized
particles; high reazctiorn rztes can be obtaired,

A1 of these factors ccntribute to making the integrated
fluid-bed system mcre eccncmical, meore efficient, and more effectivs
than cther green-salt producticn processes.

Although only the denitraticn component of the integratzs
fiuid-bed system was used in the plant process at Weldon Spring,
it is iikely thzt the entire integrzted Iiuld-bed system, beczuse
cf its numesrous operaticornzl and eccrcmic zdévantages, Will be employsd
in arny future uranium prccessing plants that might be builz,

Producticn And Ccscts

Productiocr. ané cecst detzils zre ccontained in Seeticrn 7,

Reigted Documents

mE NN BN B B NS T e NN DR Sy AN S O E A Be a a

The fcllcwing numbers refer tc tibliogrzphy entries wnl
are the principal sources for more detailed informztion on advan:
in ecnsirucus green-szlt production processes: &, 10, 16, 30, &3, .
Lg, 5%, 66, 67, 80, 103, 166, 169, 170, 173, 199. 201, 22z, 223, =22%,
228. '

Additicrzl refsrences may te found in some of the sources
incicazed above.
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DEVELOPMENT Cr THE DINGCT PROCESS FOR FRODUCING URANZUM METAZ

The Uranium Diviegior of Maliinckrod:t Chemiczl Worxs

The first preactical u*ar=’~—ueta’ production process
suitable for use on er industriel scele was the thermite bombd-
raduction process developed in 1042 =zt Jowa State Urniversity.
(For details, ses Section II, Part 1)

the early work zti Iova Suate, caiciur was used as the reducteant;
however, it was soon rspiaced by megnesium, which offered severe:
adventazes dver calciunm.

The charged bomt was czrpad and plaﬂed in a furnace

where the reduction reaction ocsurreéd, During the reasction, ths
furnace p*ov-ued the heet required to achieve compleze fusion end
ser

Zucride (MgF,;.

carried ou:r externsive rssearch ard e»eTOCme". activivies 10
€stablish 2 process for producing uranium met that woulid yiels-
Furer me=al in greszter guentities erd et lower “costs trhan the
reduction and casting process. These rssults were echievsd Ty
Mallinckrodzi's dsvelopment of the éinzct (direct-inzot) procsss

.-

-

eration oI the reaction pr-d;c:s -- uranfium metal andé magneslium

The tesic process, which was adepted for commerciel
rroductior by Mellinckrsd: in July, 1943, invoived TWwo Key staos:
therxzite reduction, and casting.

Thers Zed out 'in g sTe=2l bomt shell..

i irst, the shell ractory mzteriali. AL firss
do_omitiec Iime, £XTensive, Wes used es Ths
refractory ma: ment wWork by Mallirckrodt.l=zZ
to the use of r less costly refrzctory
liner -- rzzne g-troduct Of tse pomb reduccicon,

fter the bort £hell hed been lined, the bomb was cherzzd
with a mixture of uranium teirefluoride (UFy) and a reductant. In
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After the reaction had tesksn place, the bcmbt was
out of the furnzce and cocled. Thern the shell was cpened
products were removed. The sciidified uranium metal which was
produced was referred to as a "derby."

The second phase of the metel-productiocn prccess was
casting. To precduce urenium metal cof the size and shape reguirsd
fer subseguent uses, severzl derbies were melved in arn induction
heated crucible and vacuum cast in 2 grarhite meld to form an inzco-

=TT

. In the early work at MallincXrodt, the reductlon Turnec:ss
produced appreximately 120 pcunds of metzl per charge. Eech dert;y
was zroutl eight inches in dlameter by four inches in lerngzh The

metal charge for the casting furnace weighed epproxima=e.y €iC
reurnds., Each Inzo2T cestT wzs arproximetely Tive inches in &ien
by 42 inches in lengin. o Co

Through 1is develcoment worz, Mzlliingmwyodr ingorsasssl
T.znT cerecity ccnsidersrly. Redufiliin furnaces were mceillliel I
trccéuce eprreximztely 300 pcunds of msfal rer charge. This Increg=gd
tre slze o each derby to erproximecely 12 inches in dismeter oy
arproximetsly fcur inches in length. The charge fecr the casting
furnzce wes ircrezsed te gbout 1225 pcunds, and this further
incrcased the size of the crude ingotis. e
Evroluticn 2 Tre "Dingot" Concert AT ¥zllingkrods - -

Eerly studies ccrnducted by MsllincXrodt to comrere ihs
turity of derxties end ingcis revealel that the derbles weres cl
Tirer metal excezt for a thin leyer cf impurities conhtenztrzzed a2
the surlzce. -

This fzow, togethsr wizth a =rend Toward lowering - =
meTa_iic irclusicns in rezszcr-grziz metal, indiceted thers wiull
te advantages In Trzducing en ingot directly frem the bemt-reiucticco
cter and entirzsly eliminating the vzouwn casting operaticr.. Henos,
Mzllircxrodr szterisd en intesnsive procram tc develcy e Girset inmgzo.
"dinzet," uranium-metel prsduction process. =

Eased on the kncwledge that cnly the surface ci as-reducsll. -

(direct) metzl was impure, it was concluded, in planning the inizisl
development work, +tha*t ' larger pieces ¢f the reduced metal shculd -
give better percentage yields cf Turz metzl than small piesces.
Thersfore, larger quantities cf gresr s2lt Wers reducsed to form
larger dingots.
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In sum, the dingot concept which Mallinckrodt develocea
involved: (1) eliminating the melting ancé casting of uranium me:
in graphite crucibles and molds which contaminated the ingot nro~~~-;
Eag procducing the final ingot directly from the bomb reduction; ans
3) increasing the size of the ingots to produce e product with
ortimum percentage yields of pure metal.

'The Bomt Reaction

Because the dingot concept eliminated the casting ster
previcusly used in uranium metal production, Mallinckrodi's
developrment work was concerned primarily with fectors involved in

the bomb reaction.

The general chemistry of the komd reaction in the dingo:
Frocess waes essentielly the same as thet in ke derby-producticn
borh rezection,. which is descrived in Section IXI, Part 1.

In the dingo eaction greexn sa’t blended with chipyo -

ragmesiun was peacked nto 2 steel bomd shell whnich was lineé w
powdered meznesium fiuoride. The bomb was hested for a :
period in ar electriec furnace. and then the crarge wes ignited
electricalily to stert the reaction. Ornce sterted, the reaction
Proceeded spontaneously. Molten uranium metal. and magresium
fluoride slag were formed. The urarnium, having the higher densizy.
sank to the bottiom where it solidified as a le¥gs metallic mess.
The sieg T_oazed and also solidiliec.

(I R {1
b £)
Al
‘

[&]]

l:n
(o]
L4
0
'la
Iy

The Leveliopmernt Program ) : - - R

e chief goal o_ the ceve_orment program was to estatllsk
& @irgoes process which woulZ produce ni n-guellity, reactor-grade

Uranivn metsal in opiimum qaar‘::ia: ené &t nminimam costs. : -

Tne dingot-metel yiell friz Tne recuction operations wWes
deperdent prlma*‘ﬁy upcn thoge orsrzming verisdles which infliuenfs:
the 1eﬂg‘sh o time thet the products of the kemb reaction remained
moliten. TEecauvsze of thelr *e:s;:y €ifferznces, the lonzsr thre
products were ellowed to remesin molisn, the more efficiently cid
they separate to form a2 single massive piece of pure uranium metal
and e singie messive pilece of magr.esium sizg.

Among the variabies investligated during the develormenc
program were: the size anc shape oI <he tomk shell; heat transfer
into end out of the tomb; the re‘at::n of the choice of bomb-charz=s
constituents to the evolution of nea durlng the reaﬂtion, the
infivence of the viscosity of the s_,g product upon metal separaticxn;

the crharge quantity: the use of edcizives; ent firing time
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Ecmb Gecmetiry

Considerable zttenticn was devoted tc the elfest cf bomo
gecmetry on the quallty and quantity of the yield. Zcmt geomeiry
influenced heat transfer into znd out of the bemk, a%dé heat trens’s>r

was one of the fundamentel factors effecting the tomb yieid.

Curing the dzvelcpment program, various sizes zné sheges
ctf di:gotc were tried including a 45u—pourd rectanguier ore, and
cy--r drizal shepes wszighing GCC pounds and 14CC pounds. “wWhen ik

&
size o the dingct was increased u1t¢ma.ely to 33CC pourcs, it wes
found that the optlmum shape for separating tre metal frem the
slag was & right CJ_-ncnr 18 inches in both diemeter ard height.
Tnis shzpe wes alspo the best for scelping and extrusicr,

ne ghell gonresisted ¢f TWC connectad cha
ramter h i 2 large dizmezer end czrnteined mest ¢f
wes c*:ne*::a by 2 f£flzred shcoulder to the smziler L
wricr held The meitern metal after the reducticn rss
;:mpl-:ea.
Tre geometry cf the 33CC-Ecunc dingct temt ¢ffered the
slowest rate cf coecling peossibie., In addiiion, ths shere rermizisd .

uniform cecling. Another sheape might have caused pertizns cf the
metel mass tc cool faster and enirer slag.

Ecmb Prerezc _ oL
The furnece ‘schequle was éncther impcr-eant cpereasing .
verisct_s investizgztsd during thé develcrment prograw.
Contrcl temperzture hed e major influencs on the yield
¢f the temt rezcticn, I7 the temperztiure were ses Ts2 nizn, ths
rzaction weuwld Tregin nezr the chergs-liner inserlzcs Talcrz ¢cther.
rexrts of the charze had been heated sufficlently te prorezzte tne
temt rescticrn rxecrerly. The result would be pecr producst seperasicn
ernd low mezzl yisld, A femrerature Too low also couli wresult in
pcor yield, cr could rpravent the resciion from ogzcurrins.

'frne furnace schedule which was finally adopied was &
compromise betwesern u“e high and low tempereture extremes. A conirzl
temperature of 1150°F was employed for five hours with heat eppiisi”
in ell five heeting zcnes. At the end of five hours, hezziing of
the uprer zcre was gicrred, Wwhile re;:;n5 cf She vecIicm zone con-
tinued. Thils caused the reducticn reeacticon to stert in the beiteonm
of the metal cavity. The reeu’t was a yield of tetzer o
per cent ¢ relstively siag-frse metal.
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Ecmb-Charge Components And Heeting Conditions

Another aspect of the development rrogram involvecd
selecting those bomb-charge components whiceh, together with
maghesium metal, would provide the most favorable heats of re-
action.

Procuction-grade green salt contained some uraxium
dioxide (UOy) and uranyl fluoride (UOpFg). Investigation during
tne dingot development program indiceted that

n heat evelution resulted from the reducticn

of U0, during the

very littile benefiz

bomt reaction. However, investigation did indicate that the Lo P2

coniained In the bomb charge offered & very cdefinite heat advaniess.

(In the same sznse, it was found thet there were some advanitazZes T2
The firin

wihich deleysed tx
Tre use 0of sucn

aéding urarnium trioxide (U0y),
of rezctlorn.

ds_iberevely
time andé 2150 had a high heat

rovwever, had 10 te controlled cerselulily to Prsveht too muzh hesz, - -
Wrnich eould cause & bloivout, and tTo prevent <he productiion o .
cessive emcurts of magrneslium oxids (MEO), which could have & cetri- -
mentel elfect -~ a5 indicated lavsr in thls sutsection -- orn slaz

viecosity.,) Ultimately, it was determined that
ine water solutlie content -- of the charge

cenit.

S ac Viscosity And Metal Sevaration

Investigation indiceted thet the prssence of 3IT00 ruch
TUlz, UOLT,, uranous uranic oxide (U3Gp), or 303 might prevsrnt good
bern yields. h

A veriable thet was pertinsnt to this aspect of tre
€evelopreanti prograrm was the presenczs of. emmoniun oxalate insolutls
(ATZ) in the crergs. Eecausz ASID ooneists ¢f aprroxXimately £T par
gent Ul- and 20 per c=zmT Usl:-, I nz8 2 mulnh lower nzat ¢f rzzotilo
with magnssium tnan UF, wita mazrnasias. . . T

Wnen MallinckrodtT studisé the prepsriies of mixsturss of
magnesium oxide and maghesium Tiuoxride, Trne fate derived imdipesesl
that small additions of MgC to the troduct slzgz could assisz in
lowering the melting point as much zsg 72°F. Zigher corcentratiors

of Mg0d, however, pregented complete procuct szperation even at
temperatures of 30G2°F. The precserce of undissovled MgC in the

slag apparently contributed to incressing visoosity to a point a3

which it interfered considerzbly wizcx
metalilic uranium.

lean separeticn of thre

Trne detrimentel effects o0F txs presence of excessive ex
02 .AQT and Mgl led to the estabiisrtment of 2 green selt speciricd
in which the content of pure uraniuvm tesrsfluoride was reguired <
2T least 9C.5 per ceat and the A0I nert more Than 1.2 rer cent.,

comzcnent -=

*Cculd not €xZeed 2.3 r=r

)
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The Dingot Production Process

Mallinckrodt started regular plearnt-scale production of
crude dingots in 1955. The production procedure, bzased on tne )
extensive development program, wes similar in its basic orerazions
to that employed 1in derdby-metal procduction, which was the firs:
phase of the older Z-step metal process. The detalls ol tThe éing
procedure, however, differed from derdy productiorn because 0 the
larger unit size involved. The thotograpn shown in Fligure II-11.L1
1s an excellent iilustration of the difference in unit size Te-
tween a 125-vouné derby bomb srell and z 330C-pound dingow bdorb
shell,

.

4}

Trne Tirsc ster in thsz &irzos mezel rrocductilon process,
as ir the derty process, wes rrererztion of The TomT sns’l amd 777 -
liner. A mandrel, a5 shown in the cul-avey Grawing in Tizure ZT-11.Z,
wes ussé to assist in lining the Dormt shell. Thns sheze ol tie
marnérel followed, gsnerally, The internal C©onidur of the Tom:t shell. ¢
. TLzr the bomt hel besen linesd, fillied ang carted, it wes
transferred tc & car that lezter formed the boTtom ol the Turnace
in which firirz tooXx piace. The phoicgreph in Figurs IZI-1L1.3 shous
a dingot bort in position ready for firing in cre of the c=r-dotiox
furnaces.

Firingz ol the charge wes usually indicated by glzher a2
sherr rise in temperature as shown On the recording chars of the
Temperature controller, cr ty & vidbraticn within the btomt ani a
characteristiz noise. The relise, whken Transmitied 0 &n axrlifier
grd loucd srea¥er, resemtled the sound of vioient boiling., It wed -
imreorzant 1o otitain a definite signel thet firing had taxen plecs
to &woii the denzer T_a DlouWdut Tossihly ocourring il e Tomt TLirxEl

nile 1T vas Teling handled, A temZ zouli be remevsed selely Trom s
Turnzcs FTor outdoOr cooling exrroximalsly ¥ hour gfisr Lhs 2nsrgE
hzd Tirsd. R

Af<2r the bort had coo’ed for two to three dars, IT wes
moved to the breax-out anc clzaning eress. The bomt was orensi., -~
inverted, and struck with a mechanically operated hammer Td remcvs
the lining, product slag, and dingo: from the shell., The cingot
was cislodged erd a mechanical impector was used to trszak the larzs
mesSs of slag in=o small eroucgh pieces 1o Teeg To tie slaes grinding

rance of

Ircuiz. The phro+ogreph in Tigure IZ-13 U shows thz arssz
rin eak-cus oreration.

Aftzr trhe Izrgs plsces of slezg esnd metel Troducis rad Ts=xn
separztsd, ary aidditional slzg adrering To the dingot was chipred
away With a Trneumatic hemmer, and the SingdT then vies welghed.
Tigurs ma~_l.T Zm 2 vhotugTern shouwing & Singotv velins chlzred wWiio
Tne Toeumatli nzTwer.,
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POUND DINGOT bomb shell is shown here by comparison with a 125-

Figure II-11.1 THE CONSIDERABLY ILARGER UNIT SIZE OF THE 3300~
pound derby bomb shell.
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Figure II-11.6 is a photograph of a 3300-pound crude
dingot produced by the process described above.

After the chipping operation, the dingot underwent a
Yscalping" operation in which all of its surfaces were machined
to remove external layers of contaminated metal. The photograph
in Figure II-11.7 shows a dingot being "scalped" in a vertical lathe.

Preparation Of Dingots For Fabrication

Dingots produced by the procedures described above
measured approximately 173 inches in diameter by 17 inches in length.

Because of the short length of the scalped reguli, diffi-
culty was experienced in attempting to roll them in the existing
rolling mill., The solution to this problem was to add a primary,
hot-forming step prior to final fabrication. This also permitted
the use of those bomb shapes which produced optimum yields of metal.

With the original concept of the dingot process thus
modified, Mallinckrodt started pilot plant studies to investigate .
the use of press forging for primary fabrication of billets suitable
for rolling or extrusion.

Although forging was adequate for the experimental studies,
it had certain disadvantages that made it undesirable for full-
scale production operations. It was a multi-step, high-cost, low-
volume method of production. In addition, forging was not conducive
to producing a uniform product. For these reasons, forging was not
used for the plant operations. Instead, extrusion was selected.

Extrusion, in contrast to forging, offered the advanteges
of being a single step, high-volume production process with the
capability of groducing a wide variety of shapes at moderate cost.
Gamma phase (1 OO°F) extrusion was selected for the Weldon Spring
operstion because the pressures required were lower than those
necessary for alpha phase extrusion.

In preparing the machined dingot for extrusion, it was
first sprayed with a phosphate glass-alcohol mixture. WNext, it
was heated for two hours at 1900°F in an induction coil, after
which it was transferred to an inclined table covered with powdered
glass. The heated dingot then rolled down the inclined table into
the die slide of the extrusion press.

Subsequently, the dingot was extruded through the die to
form a uraznium-metal rod approximately 13 feet long by seven inches
in diameter. The extruded product, which weighed approximately 2650
pounds, was cooled, and subsequently cut to lengths sultable for
further processing to slug form. Figure II-1l1.8 is a photograph
of a section of an extruded rod produced by the gamma extrusion
process described above.
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Conclusions

Through extensive investigation, research, pilot-plant,
and plant-scale work, Mallinckrodt's Uranium Divisien successfully
developed the "dingot" process for producing high-gquality uranium
metal that is suitable for fabrication to usable shapes directly
from thermite reduction.

Production And Costs
Production and cost details ere contained in Section IV.

Related Documents - —

The following numbers refer to bibliography entries which
are the principal sources for more detailed information on the
dingot-process development work described in this subsection:

10, 13, 16, 21, 29, 32, 40, 41, 57, 63, 76, 86, 89, 97, 119, 120,
122, 16s, 173, 187, 199, 201, 202, 2CE&, 222, 223, 224.

!

Additional references may be found in some of the sources
indicated zbove.

#
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TEVZLOFMENT OF THE ELECTRCLYTIC REPUCTION PRCCESS - -

1t the time that Mallinckroit Chemical VWerks' develiopmens

1
estetliched method of uranium metal production was the multi-sszes,
roc :

e¢es discussef in fecticern I, Fert 11,

placed into a refrectory-lined "pomd"
mazresiur. (Mg), another costly mezerizl. The bomt shell i

The metal is then roiled, exuruded, or Torged into usable

Pcesivle Ecoromies

Zlectrolytic reductior errezred to offer pessitiities ef”
grsater eccronmy, because rslatively Inexrensive carben ané eleenri-
clty7 would oe ussd instezd of the mere costily hyérogen fliuoride end
meagnesium.

Meolwsrn-salt eileciroliy
many years 0 produce such mesa
thelr oxide forms. Further, el
by Westirnghouse to prepare the
Mannzltan Froject.

Eackzround

The early electrochemicel work in the atomic energ;
trogram included processes at Westinzhouse Eiectric Corrorstiich,
—2& Algmos Scientilic Laboratory ené Argsnane Naetiornal Iertorszory.

~
A4

L1l of these processes operated &%t temperatures below the melzing -

voint of uranium. ABs 2 result, *“rere were a number of diszéwrzntafss.

Criel erong them were icw yields of metel and troublescme rsziil-
deticr.,




DO,

[SSJPESR

gt st [P

N,

~110. 852653

. In the low-temperature operations, the deposits ol metel
on the cathodes were bulky, tree-like structures resembling steel
wool. The deposits trapped large quantities of the electrolyze
which was difficult to wash free without incurring extensive metal .
losses. Because of these difficulties, and because the quick success
of thermite reduction at Iowa State University offered a2 practizel
alternative, work on electrolytic reduction was suspended and noz
pursued for uranium production until several years later

In 1957, laboratory-scais work at the AEC's Knolls Atormic
Power laboratory (KAPL) indicated the feasibiliiy of producirng
uraniuvm metal electrolytically at temperatures above uranium's
melting point (2071°F) -- a much higher temperature than used for —
aluminum or magnesium production.

Development Work At Weldon Spring

With the KAPL results extending the potentialities of
electrolysis, develorment efforts were started at Weldon Spring.

Two major process prort.emns revezled in the KAFL werk rel
to pe overcome in the developme“. work at Veldon Spring. These
weres the settling of the brown oxide into the uranium and tre lov
solubiiity of the oxide in moltien salts.

In addition, a third anc¢ even more fundamentel problem
has to be solved first. The protlem was how to contain molien
urznium and molten fiuorides at temperatures much higher tren had
teen used previously in large-scels electrolytic technology. The
solutiorr haé to be one which woulé rot result in undue contamiraticro
of the product mezal.

Careful cost slucies, involving reasonable tecihnical
assumriions, indicated that if :rese provliems could be solved, a
more econoriical rrocess than the T, - Mz thermite procsss could el

developed. . - . -

In the work that followssd, Mallinckrodti's ini:ia: metnol -
employed & grephlte hearth for tne cathode and & consuma®le uraniun |
dioxide-carbon anode. The materials for the electirodes were chossn
2s being the most likely to prevert oxide contaminatior. ¢ thre
ureniun metal product. The aprroach was successful cr a latoratory
scale., However, because of the ccst of preparing the anodss.
attention was turned to develoring 2 direct feed aprroach. -
(Concurrently with Mellinckrodt's first work, the EBureau of Mines
develored a laboratory-scale process using a rod-type cethods.)
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The Production Process

The electrolytic
develeped on a pilot-pl
shcwn in Figure II-1l2Z2.1.

process that Mallinckreodt ult

izately
scale employs a cell such as tns

cnle

The cell has e graphite hezrth, or pct, which acts as
the cathode. Direct current is introduced thrcuzh graphite anodes
which are suspended in an electrolyte ccmposad of barium flucride
and lithium flucride, and containing dissolved green salt and
brown oxide. Reduction takes place et & temperature cf 2,200° F.

The molten uranium is then vacuun withdrawn from the cel

l

end pzssed tarough a heated grapnite tube. The pour end of the tute
is positzonea cver a meold within an evacuzied encliosure. Tha gzst-~
Ing iz either static or, fcr tubular shagss, cenirifuzal.
Indiczied Advantzzes -

A successiul electrclytic precess weuld be lixely o
cfler two cnlief eadvantazes cver the magnesium théryrzite preccess.
The zZvantazes wculd be:

(1) Lower cosi (probatle, but not ys: proven).

(2) Urniformity of product, including that produced . -

from recycled scrap. .

Cerclusions

Lt the time ths Weldcn Sgring 3 . Z
the bezziz prcblems in develceping thz el i
cess hzi been solved. T is estimated, n
years I fursher werX wenlal be rezguirsd _
variatlzsz znd o desizn & protcoctyss 23l ol
of the przcess could be damensirazed. -

There is little dcubt thzt if =z comrletsly new urenium-
processing plent were to be built, the elsctrclirysic prCyess wonls
be preferable to the thermite process for instza.liazizn in the new
facility, Whether it wculd be advanisgeous ir an existing plans

to replace a thermite process with the electrclytic process would
depend on meny factors, including the outcome of erny additicrel
“perimsntal work.

Producticn and Costs

Producticn and cos5t details are contalnei in Secticrn I.
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Figure II-12.1 THE ELECTROLYTIC R=ITUCTICN PROCEZIES developed by
Mallinckrodt used a proio<ype cell, such azs this cne, for praducing
uranium metal from brown oxice.
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Related Documents

The follewing numbers refer to bibliography entries which
are the principal sources for more detailed information on the
electrolytic-process development work described in thls subsection:
11, 15, 49, 56, 57, 64, 65, 68, 96, 126, 131, 148, 149, 152, 221,
222, 223, 224, 226.

Additional references may be found in some of the sources
indicated above.

#
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Section Iz
Part i3 i

MISCELLANEQOUS TECHNICAL DEVELOPMENTS

In addition to the mejor uranium process developments
discussed in detail in the preceding pages, Mallinckrodt Chemicesl
Vlorks was respcnsible for a number of other important technical _
advances 1in connection with the Compeny's work for the Goverrmerz:

Samrling, anelyticzl metihcds development, plant instru- -

mentation, aznd the adapiaticn of uranium refining rrocesses io
thorium prerarztiion were among the most significant of these
aéditioral technical advances. Mallinckrodt's contributions in
these specific areas are discussed below.

Sanpliing

In the fieldé of sempling end sample preparation, the
eccomplishments inclucded the following:

- In the sampling of domestic concentrates, the

Compan ioneered enclosed auger sampling whienm~—" -
3 [

was more relisble ther the established OFer.
auger metihod of sampling.

- Mallingxro@t intrcduced imporzent new concs
and tecnnigues for controlling aizo sTheric
moisture durlng sample preparztion. The conzrzl
of atmospheric moisture increased the accuracy
of prepared samples to a degree not previousl:r
achieved enywhere.

(1]

- The Compsny developed the most reliable sample
bottling method for uranium concentrates.

- Mallinec¥rodt invented a2 practical method for
the vclume reduction of readily flowable soiigd
heving diverse particle sizes.

1
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Analysis , L

In the field of analytical methods ceve-onme"., tre
accomplishments included the following:

~ The Company developed a rapid and accurate
uranium assay method for urarium concertraies.

- Mallinckrodt developed a hot extractlon mezhod
for eznalyzing hycrozen in urznium mecal. Thi i
developm_“t enabliled a single techniciar o
ara-yze 100 sazmplas per day as compered to
only eight by the veacuum extrzction method.

et et

~ Maliinckrodt develored a micro-spark method
of erelysis. -
3 . . am . - _—
E - Tne Cormpary inventad & gas-I_CW TXororIional .
2 counter for uses Iin slectron WITtro-TrOore X-Tray
analyvsis of elements heving Llgnt asomic weighIie. ~
é Plarnt Instrumertzticn
. The accomrlishmente in develoring instrirmentezion
? applications for process corntrol Included the Scllowing:
- The Company develored a methdZ, and builit and
3 successTully oreraited -z uniz <o anz_.yze thre
ﬁ off=gas from th e e_gctrolytit ¢cell used-Tor: -
* nroduc*ng urariur, metal Trhe gezs was eanalyzs _
Tor cerbon moncxids (vv\ zyzen (02), *—:tcn.; :
tetrafluorid e,(v_ , end carson dio%ide (ZC=).
The problems of rizh sample temperature varyong
' amplent tempsraturs arnd corrosion were OTErcomEe.. — -
- Mallliorrodt €eslizned gnd TuIlT a rorsadls
to colisect process dstg in Zizizel form on
tepe for co:nute“ npuz., Trne system rzzord
uzzut-of a #e‘-;_i:g ézvics fzr gny varis:
cou.gd be exrresssi &5 a 3- <o _—-p»u.d air
I

or. & mitiivolt sigrel. n a:dit;o“ to the
of day from a builz-in &i gizal clock, twent o:ne*
jitems of inforrexion Cﬁuld te recorded in Gu seconés.,

Tre console glso Intlucded czlibration eguipment.

- The Company desigrned anc¢ built a systiem to locazs
and measure the Izvz) ¢ meiali belcw an uvwpper
layer oF moiter ezl: in the eisciroliviic cell.
The measuvrement was Szs23 on tre &iffsrential .
conductivity of the mersl arnc salt. ‘
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Mellinckrodt used two systems to sefely dissc
massive uranium metal in nitric acis., Sucn e
process can become excessivaly violent and
explosive if the dissolving rate 1sg not con-
trolled. The system that the Company enpliovel -
at Destrehan Street used fesd solutziorn of low

acid strength and was programmed on a semi-
continuous basis. The system at Weldon Spring --
used stronz nitric acid on & semi-continuous

basis. In both cases, menitoring was extensive
with provision for automatic shutdown pro-

cedures if the process were to go out of conzrzl.

At the Destrehan Street facilities, metal sawdius=
was reacted with water to form uranium hydroxizsz.
Because the evolution of hydrogen mece the rrocsss
dargerous, extensive Instrumentation wes provif:z:

to control the reaziicon rate andé ventilazion.
Special p*ov* sions were mzde for zn emergsncy iz

the event the rrocese weres TC g0 out of conTral.

fallinckrodz designed -Md consTructed a2 systen
using a very high speeZ recorder tc monitor tis
speed, posivion end hjsraulic prezsure of tre
extrusior. press. ©Because the time for the enzirs
operation was as fest as Tive seconds, detecton.
devices were evalueted for response speed and
intvegratsei into the system.

The Comrany insta’led a2 Dprocess to ccllect and
reutra’izs surp Ilguor aatomzticall Ly Zox ureanliu:
recovery on a serl-contizuous rasis.

The Corrany desie.ed and assentled from ste
comrenente an enells co:cutev <het rermitTe
determinzticn ©F ths urenium end niTris zaf

of extraction feed batcres. nls devize rr

e means for determining what volumes ol &ix
recovery enc nivric aciid soutlions werz rs:z

to make ur 2 feed baten having a dzsired co

centraticn and voiume.

Mallinckrodt devised a method for measuring <t
amount of hydroger fluoride (HE ¥) in the furn
of off-gzs Irom uranium tetrafluoride (UFu)
p*oductior The gas was condensed ard the cor=
centration of ET was determined by conductivizy
metheds using a sreciglliy designed cell,

0%y
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- A "UT-2 Core Tester" that had been developesd —
originally at Genersi Elsctric, Hanford,
Washington, was used to test uranium cores for
grain size, cracks., etc. Mallinckrodt carriaz
out development work that resulted in improve- -
ments to the mechnine, end modificetions wers
made for testing many new core shapes.

Develovoment Of The Sol-Gel Thoriz Process

In 16€3, interest increased in the thorium - 233 U
production cycle, and the Atomic Znergy Commission directed
Mallinckrodt to explore methods for rroducing a dense thorium ox
suitabie for use in such ar operazzion. 2y the end of 13¢3, Mall:
had demonstrates a scl-gel process £or producing dense thoriz oo &
plant scale. ’

Subseqguent deverermernts Ty ¥alline¥roll Includeg feny -~

process improvements and inncvaslions.

The final process employed & fiuldizeld bed denitrzzor Iz
convert thorium-nitirete solution to a trnorium-oxide sol. The scl
was dried to gel in pot inssallisticons trhat were used previously Zor -
the production of uraznium trioxids {(TUC,;). The gel wes densilisi Tt

high-Tiring in incuctively hezted grapéite crucinvles,

Mallinckrodt produced aprroximately ECC tons of thorium
7 oxide at Weldon Spring in trne first lazrgs scels use ol the so1-ZgZ
; process for manufacturing dense thorie.
- Rezated Cocunents
E The following rumbers r»sfzr o plitlliography eniries whiin
ere the princizsal sources for mors 3= informatiorn on txe

- P 3 T o ” - XL e =
technlical Csr=_orments fils2iss

67, 69, 71, 77, Ei, 135, Lii

s - = e
»*v 22 the rsror:t:

- St
=7z, 2I%, zcz,

$ < - - . - - = 3 Fal on -
Additional references mzr Z& Jound in sore of the scurc:es

indicated above.

: G .
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ORGANIZATION ANC MANAGEMENT

The Government's uranium édevelopment and production
ectivity operated by Mellinckrodtr Chemiczl Works irn the St. Louls
area moved through several organizztional and menezerial pheses -
during tne perioé from its irceptiorn in 1GLZ tkrouzh terminztion
¢ the standby contract in 19E7.

1642, until =z -

H

urivng the first phese, fr s
Following Zall, the oreration wee prima 2 research project et -
the Mallinckrodt plant. The chief szctivities were directed towar:
developing a2 satisfeactory ether-extraction process for commercislly -
purifying crucde uranium-ore concentrztes in order 1o produce highl:rs
pure uranium compounds for nuclear resction experimante.

The second phase was from 1942 to 18945, when the activizy --
£tlil at the Malliinckrodt plarnzt -~ wes operated &s a production
project. During the earliest stazzes of production, the only materisls
produced were urarnium trioxide (UO;, or orange oxide), ané uraniu:
dioxice (UO., or browr oxide). The "product lire" was expanded 1&=:
in 13%L2 to €rciude uranium tetraflucride (UFy, or green salt), anc
in July, 1S43, Mallinckrodt started its first uranium mezal clanz.

elcr growth in rumbsr o7 rersornnel employed, scope ol
worx, and physizczl fecilitizs cirsurrsd from 1GLE Through 1SSi. The
growih period began witpn the dssign zné construction of <he relinszrr -
et Destrehan Street, and ccontinued Taroush the sutssguent erszciion
of 2 toliler rcuse, servizse bulliing, metel rlant and green sals
facilizies.

The decision to bulld an eiditional plant at Weldorn Srring
and to change to a cost-plus-fixed-Tze contract reguired anoiher srif:

in maznagerial anc organizationzl exthzasis in A88E.
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Mith.the opening of Weldon Spring in 1957, the St. ITouis-

'area ufanium operations went through 2 new evo’utionarg cycle. i

Operations at Destrehan Street were phased out in 1658, Tre —
refinery operation at Fernald, Ohio, wes shut down ln log-w Then
there was a gradual reduction of the operating scope of tne A=C-
Mallinckrodt contract until final termination in 1967.

Each of these different pfhases reguired changing organi-
zational structures, and menageriz) vlans and programs -- to mees
the requirements of the contract.

Background

Mallirckrodt became involved in the first uranium pro-
cessing because of the Company's outstanding reputation for sz el: -
procducing kigh-quelity products. These inecluded diethyl ezher end
kigh-purity chemicals.

The Uriversity of Chiceze sezrchers who were worxins
the wertime nucleer reacter exreriments found that <hey needes =l
pure uranium as fuel for the rezctor, They <pew thet imnn*e vrenlam
cor.centrates could be purified by extraction with di ethyl ezher, tus
thet ether was exceptionally hazerdous. Dr. Arthur &o’ty Comrsco

and others from the Chicago team ezsXed several mejor chemical pro- -
ducers to prepare pure uranium for tThe project by the ether mezics,
but they all declined. e

wm

3 regears
riments fou

As Dr. Compton pointed out in his toox, Azomic Ques<,
which relates the story of the Amsrizen wartime atonmic n*oiec::
mznufacturers who were avorozched znf declined were rnov oh-y en

<

already in wezr orders, . . . BuT &ls9, this was a cesk they &i:I°
"

want. ETher was not only explosive, tut erratic as well,
Dr. Comrton expleined hig regzzons for turning to
Mzllinmgkrodt

"My mind turned to Edwerd Ma_-inch*oa., Jr.,

of St. louis, wnose relatively small chemicsl .-
WOorXs specialilizsd In the production of bvoth
ether and pure chemizals. Twenty yeers belors
we had known each othrher well and had spent
many hours discussing the factors thet might
be responsible for the tricky explosions to
which ether is sublect. Mallinckrodér had a
well-earned r=sr zazzior for caution. Aiong
with this was a2Xls> e remarkable record for .
the safety of his eznloyees and a trzéizion

of slow care in rmaeking imrtortant decisions.

We needed his czreiulress and his expert
knowledge of hew To nendle ether, but we zlso
resded Tast ectzion.”
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Mallinckrodt's Exverience And Qualifications

Mellirckrodt's unigue qualifications, incliuding izs
“"tradition of integrity," had been esiablished in its eeriy years,
primarily under the direction of Edward Mallirnckrodt, Sr., whe
together with his two brothers, Gustav, ané Otto, founded the
Company in 1867.

Initially, the Compary procuced chloroform, spirits of
nitrous ether, anc an extremely pure grade of the comronly used
isinfectant -- carpolic acid. Althouzh the Company a_most
collapsed in bankruptey twice during its eerly years, the brothars
would rnot give in: they ate, lived and slept their business.

No detail escaped thzir atiention. For ‘exampie, a

glightly crookeg label on even one small botzle had to be rerieacel
tefore an order weculd be shipred. Eerd and carsful work combined

coc - o : TEE=c LT 2 < -
with the MzllincXrodu's excellient Tusiness ssnse susiainei ardé

c =Y
rurtures the Compeny in its flrst ysars,

The Dbrothers' reguzeslon Jor gua.l:iy was es<gbliishes -
gzrly. In May, 12€9, & reporter writing sbout medicires said,
", . . if we must tzke them, let us have the best . . . from the

Messre. Melliinckrodts! we are surc tc get the 'reel siuss.'"

= December, 18CE, ihe Cempeny's ninth year, Cito
Mallirekrodt died. Wnen Gustzv died the -following Jure, the entirs
respensibilicy of the business fell to Edward. The Compeny's proc-
gress during the next helf cesntury dszconstrated his astuteness arnd
bllizy.
Az the firm grew, L7z tusliness methods, business strucTurs,
arndé crocuct lines kept pace. -

In the 126Cs, ducing a rumter o
new roiucte Includling: gragern rersxide;
tamnic, gallic end pyrogalliz &zci itnyimethene; and rmahr
others which ers stiil importent 1 )

During the 152Cg, Mellincxrodi estazlished what has bescoms
one of its most famous lines -- hizh purity znalytical reagents,
whicr are used i commercisl and university laboratories for
research and to test the purity of osther chemicals. During the
same period, the Company d=zveloped 2 major new medium for x-ray
visueiization of the gall tiadfer, zné also began producing
phernctartital, 2 product oI wiick 217 remains trhe chief supplier.
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In February, 19285, Edward Mallinckrodt, Sr., dled,
ending an illustrious career of 61 years -- all devoted to the
Mallinckrodt Chemical Works. In addition to his business achieve-
ments, he attained recogrition as & philanthropist, having made
substantial contributions to educationazl and other institutions
including Harvard University in Cambridge, Mass., and Weshington
University and St. Luke's Eospital in St. ILouis, Mo.

Edward Mellinckrodt, Jr., succeeded kis father as
Chairmzn of the Roard anu successiully carried on the fira's
“tradition of integrity." When the younger Mzllinckrodt assumed
direction of the Company, he already had 24 years of working
experience in the enterprise. A dedicated scientist, he had

P

initiated and directed the firm's research which was s0 successiul -
‘in greatly improving ether as an arnesthetic.

Under his leadership of <the Conm narj, gualiity wes girsn -
more absorbing attertion than befors, ang in spi-e orf the de-
pression, the decade of the 153Cs weas, for Mallinckrodt, cne ol
progress and positive change. Es:nﬂ'al_y sigrificant was ths aldl-
tion of 2 number 0f Ph.D. chemists who Wers zssigned to improves c_2
products and processes as well as to seek new ones,

The energy, insight and foresignt of Edward Ma_l-ncx*oc-, :
was representative of the capabllity of the entire Mallincxkrod: mansg
ment teem. Mr. Mallinckrodz's capacity to grasp new ideas and to
throw himself wholeneartedly into new projects was never more obvious
than on that important April dey ir 1942 when Dr. Compter., Dr. Ilcrmen
Hilberry, and Dr. F. E. ESpecdirng arrived in St. Louis to see Lim,

The three scientists explzin é t 2T they urgently needed
special uranium compounds in tonnege _ua ties. The comzouncs
p*evious 1y hiad been made oniy on test—*"he scale, and moreover,
the needed materiel had to have & ésgrez of purizy seldor attaired
even in the laboratory.

Mr. Mallinckrodi's accectance ol the cba‘lenee was eviisncs
of his confidence in his compary, in his Company's organization and

menagement, in hils technlical direclors, end in other employees ugcr .

whose skills success would depend, :

His confidence was rewaried. ZEy May, samples of the
uranium products which hed been reguestes were shipped for tests, z=d
they met every requirement, Then, overcoming the pressures and handi-
caps of a wartime situation, the Company designed, procursd the ezulp-
ment for, and built a production-sczle extractor. Ey July -- only -
three months after the original reguest -- the Company was producinz
the needed uranium on & scale ol z Ton rer Gey.

r.,
-
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Dr. Compton recognized the Mallinckrodt organization's
importart contributions to the aiomic energy project -- Teth
technically arnd in terms of patriotism -- when he wrote, “4s long
as we have in responsible positions men with such vision. such a
spirit of adverture, and such ezrnest concern for doing their
share toward the safety of the nztion, we have good basis for
confidence in our country's future.”

Contractual Arrzrcements

The iritizl research project andé construction o the -
bateh-type extraction system was conducted entirely upon =z lietser -
of invent which resulted in a formal contract only after the
gdelivery of the irnitial material to the Manhettan District in
July, -gkz, - : -

Tre contrectuzl errangsments were made during lsis .
by Mellinckrodt personnel t©o the Universitiy of Chicszgo sherzly
efter Dr. Compton and his esszociztes had visited Mr, Mel ckrcoiz
in 81t. ILouls.. It became obvious thzt since Maliinckrocs g tTe
kave custody of uraznium worth severe. hurdred thousand ¢ ars, -
ang since the Comreny would be inszelling e new plart to the
processing, it would te necessary to estadlish some formel egres- z
ment, -—

Dr. Comrton indiceted thzt he hzd esvzilable from the
Natioral Defens:s Reseazrch Commitzes &n eamount dstweern $iC,0CC end
$2C,00C which could be usad to suzpert the work. He suggssted thas
Mallinckrodt be paild $i5,000 to bezgin with. On the basis ol Ir.
Compton's oral assurence thet this amount would be foriheoming,
the Mellinckrodi team resturned to St. ILcuis to begln work orn <The
Srortly therezfter, the Cernrpeany received & letiter of

.

- . s o - - - . e ide .-
- ~= -+~ . - o -—
Tiedzging the gum of $15,CCC.

Irn Ris Toow. izomiz capten related, "This —
was in esrly Mey, 13-z, ZIcxs . Colonel X, L, Michcls
droppes in at my offize. 'A. E.. : s 'you'll te interesstel -
to knew that we have finelly slznsé the ¢oantract with Melliinckross
for processing the firszs sixTy torms of urenium. It was ths mos:
unusuzl situatior that I heve evsr met. The last of the materisl
was shipred from thzlr plant the cday before the terms were zgreel
upon and the contract signed.'"
The initizl contract wes modified several times during
the 28 yeers of Malilircerxrsds's perticipaticon in the Govermment's=

reer
atomic energy work.
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From 1943 to 1948 when tae Manhetten Enginesring Tistrio—
supervised the activity, the contrezci wes administered on a2 uniz-
price btasis. Under the sgreement, Mellinckrod: wes relrbursed for
its operating cost and invesiment in inventory according To a uni-=
price which was based upon the conversion of raw materials to
acceptable, specification-grade uranium oxide. When the Atomic
Energy Conmission took over supervision in 1947, this contrazotual

£

arrangenent was continued and it remained in fect through 1533, 7 7

US]

On January 1, 13258, the contract was altered to a cosz- -
plus--fixed-fee tyce due to the uncertain startup arrangemercts for
Weldon Spring, a growing probgbality of unusual production demengs
by the AEC, and the difficulty of establisning raw meterial guelizy
prior to receipt in St. Louls. The cost-plus-fixsd-fee contrac:
remzined in effect through June, 19€7.

Orzanization _ _ L
Mellinckrodt's inizial urenium pilot-plant effor: in L§4Q:

corsisted of approximstaly 24 pedrle working as a sinzle rrojfeat

group urcer tne immedizie surervision of z rroject menzgsr. ’ :

Between 1%L2 and 1648, the size &nd scope of thie prslest . —

gracdually grew. Research, vhich hec been a significent ae<ivizy.

0y

from tre beginning, continued to be important; and procduction
had been somewhat limited zt first, steadily incressed in imc
becoming the project's major functiorn. Ey 1G48, the project exrlored
250 people and operated approximatsly $12 miilion worth ol govermmanto
owr.ed equipmenvt, :

With these changes in its size gnd s&sce, the r©rolent wes
re-orgerized in 1956 into & semi-independent activizy whicx uwas
identified as the Uranium Division. It operated as a serarz=z Traliz
center responsibile for cervain essigrned ad@minisctrative function:z -
essocizted only with the urarnium woerx, The parsn® corsorzIicn -
retained responeiziliiy for trhe normzl business Juncitions not wiisze
to the uranium effort. i - - =

The specific furctions of the new Uranium DPivision oxganl-

zation wviers the follewing:

- Marnufacturing -- The Division operated governmenz-
owned eqQuipment tc preduce purified uranium tric:zife,
urzrnium dioxide, urznium tetralivorids, and uraniun
metel in the form of recuced regull or recass inzcis..

- Qualitv Control -- The Divisiecns' quaelity control
iatora=ory provided complete sreclifircation testing

cf all rezw materigls, reagenis, and finished proldulsts




- Research -- A small research ané develorment orerziicr
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for process znd product improvement was maintainszé

as an adjunc- to the quality control boraucrj BN ol
A9Lg --1081, g -Separate pilot plant anc - a2 Separzis
research labo*a»ory weré constructed as part of ine =
Destrehan Sirest facility: The operations there
gradually increased in size and capabliity, and In
1656 - 1957 they were relocated et Weldor Spring.

Engineerineg -- The Division established and maintzins
its own engineering staff to deal with the specili:z_.
problems of radicactivity and ventilailon.

%

Dispensary znd Health Services -- The Tivision crsaczed
ard rzintzinsd & hezltn department eaquirped to proviis
emergency first 2id treatment and survsillance of
medicel exsminztion programs for gll Division em-
rloyees, anc to dezl with etnormal and *“‘e::ia- A
hazardous workinz corditions -- such zs the pressence. .

of rediocgctivity znd the hendliirng of toxic heavy
me<zls in the form of finely divided oxidss. (To
adcditiongl informa<tion on the health ané salety
operstions, sse Section III, Part 4.)

Surport Services -- Surport services of the Divie £lon
included: boiler znd steem supply -~ incorporzsec
into the Desirgharn Street facility as a sesrerzte -
installetior, exclusive of the mein Mallinckrodsz plant:
warehousing; lsundry and decontamination facilitles,
which were utnique in comparison to most other
Mellinckrodt crerations; an extensive liprary, whisn -
containes melinly ciasssified and unclassiified techniozl
3 Journals; and an elaborate plant securizy -
—em to rroczect and meintein control over date and
vzTicnz wolizh zrz clessified. (For edditionel
ormeTizn an pla:t security, see Seezion IXI, Far

Pecr tn ¢
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Liministirzticn -- Administrative activities inclile
most &Spects of conwract administraticn. cost 22T
and proreriy controi,

Eecguse many paxts of the operating contrzzt usrs
classifieqd, contract administration was conduc=ed
serarzt2ly by the Uranium Division instead ol by =:ns
perent corzorztion.
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Under the contract, a fixed unit price was to te
paid to Mallinckrodt for eachk pound of product pro-
duced, with the provision for renegotiation based
initially upon cost each quarter and subsequentiy
upon cost each four months. To meet the needs oi t=
parent Company's standard cost system, as well ag tne
Division's special need for a negotiation basis,
special accounting systems were implemenied by an on-
site zccounting depzrtment.

The contract regquired thzt Mallinckrodt be
respansible for certain quantities of governmen
property. To meet this responsibility, the Division
established 2 property control group which administsred
effective property control systems. ’

- Materizal Accountability -~ Beczuse o the
of uranium and its extreme strategic vaiu
emphaslis was placed upon the meintenanc
reiating to the loca»ﬂon, chemlicel composition., a
essay of all urenium meterials under Mallirakrods
contral. The Urazrium Division's maseriszl accaounze-
pility group became well known throughout the AZC -
for the thoroughness of its record syestems, for Zi:zs
accuracy and for the several innovaiions which iz
initiated. (For further detall on the mzterial

«l

-
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accountebility aperations, see Section 1III, Part 2.) - .

Prior to 195&, the organization of ithe Uranium Divi
not include provision for purchasinz, general ledger zccouniin
bi ll;:g, payroll, personnel, end irdustrial reiations function
stalf services were provided by the parent corporation.

m
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When the decision was made ta construct the Wel;oh Spring
faciiity, it becene necessery to or*ginate 2 nevw mcﬁe of an_- <izrn
for zze Uranium Divieion., I< wes determined trhet <o accomm date Tr=.
cast-rlus-Tixed-fee type contract, the Uranium Division would hawvwe <o
becone = conpletely separate znd es=entially eautonomous orgenizatior,
e2lthough remaining within the besic Mallinckrogt corporate st ructurs.

On this basis, starting in 1954, the reguirements for
operating two plants -- Destrehen Street and Weldon Spring -- under one
centrel manzgement group were studied.

An organiza ion pizn was developed unéer which each planc -
was operated in a line feshiorn under the supervision o a rlant
manager with staff groups responsible to a Division Menager who was
lacatesd at Weldon Spring. DNew staff functions -- *“cl“d:nz parcheazinz
accourting, and adminisztrative services -- which hzd rnot beer rericros
previously by the Uraniun Division were added.

(s A
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The two plants were operated and coordinated successfully
under this organizetion plan from 1956, when the water plan: and
boiler house started operation at Weldon Spring, until the activis
of the Destreharn Street facility were terminazed in 1658. During
the period, the plants effectively met all of the requiremenzs of x=ze
AEC. After the Destrehan Street operations were terminated, the
organization of the Uranium Division was modified to meet the needs
of a one-plant operation. )

~-<8

Beginning in 1956, the Uranium Division prepared organi-
zation charts each January and submitted them to the AEC. Tnese
charts are on file in the Operations 0ffice et Cek Ridge.

Management Stiructure

The mznagement history of the Govermment's St. Isu
uranium operations can be dividéd into three distinct peris
During each of the three periods, Mallinckrodt, as a corce
hed officizl responsidbility for management ol tThe uranium activi
Mailinckrodt emp_oyed a2 different manzgeméent system to edninlists
the work during eazch of the thres periods. =z

v 0

Fckin )t

-

In the first of the three periods, from 1942, uniil 1CEC
Mellinckrodt meznzged the uranium effort es a "project" with a
"project meneger" directly in charge of 21l the project activiiies
and personnel. Mallinckrodt selected the project manager, an
employee of the Compeany, with the approvel of the selection by trs
Govermment. Tre project marnager wes assisted by & technicezl direzzor
end sometimes by an assistant project manager.

In dey-to-CGay interzsction between the Government and =

Mellircxrodz, the projest marager servel as the recognized Company
representative for the urenium operation.

¢ 1052, A= the bezinning of the period, as
rnoted in the zbtove section on orgarnizeticn, the uranium effort was
Zgd as

-

2 szrerate Company division -- the Uranium Division.

0

nd management sygtem curing
fr

Tre cniel authority for menagement o the Division wes
the "Division menager,” a Mzllinckrodt employee arpointed ty the
Company with the approvel of the Government. In ordinary reiztions
between the Government and Mallinckrodt, the division manazer was
recognized as thz Compeny representative for the Ureznium Division.
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Departments were establisned within the Uranium Tivieicn
to carry out line and staff functions, as descritved in the abovs
section on organization, which were unigue to the uranium cperazior.
Each of these departments was managed by a derartment menezer whe
was responsible to the division manzger.

Personnel, finance and other ordinary business activitiss
not peculiar to the uranium operation were managed by the parent -
corporation.

The third management system for the Uranium Division we
esteblished in 1956 when the Uranium Division was re-organized zc
operate as an autonomous unit operating two seperate plants.

The new manegement structure was similar in some respec
T0 the one Jjust described. A division manager was the chiel mane
uthority for the entire uranium z:tivity, and he served as <he
Cempeny representative in day-to-Zey relations with the AZC. =
cdition, deperiment managers surervised and controlled operating

~

cdepartmentes carrying out specific functions of the Tivisiorn.

The distinguishing charzcteristics of the third maregsrmencz
system were: (1) Each of the two plants was opeérated under a

seperate lirne-organization managament; (2) Staff funcilons Jcr tetx
plants were supervised by a single, central management group locetel-

et Weldor Epring.

At each plant, a plant raRa2gsr served to direct the iins
organization functions which inc_uded administrziicn endé manufacturing.
Fach plant maneger revorted to trhe éivision manager.

In addition to the plan: menagers, a single, psre’lsl
middle manazement group was introduced to manage specilic szell-
organrization functions -- adiminisiration, personnel, tschnicel dsveloe
ment, and plant engineering. Serzrzts managers were I chaerge o eacxn
oI these functiions, ané eson maneger reported directly <o =hs divizizn

menager.

Tre same basic manezement structure for the rivision was
continued alter the actlvities atl the Destirehen Street plant wers
terminated. The only difference was that only one plant line-
organization management remained -- for activities at Weldon Sprirz.

b

Menagers

The iritial work on the uranium project, from &April, 122z,
until Fall, 1942, was carried out urder the supervision of Dr. E. i
Farr, technical directer. Dr. J. E. Puhoff was aciive on izne prog
until 1943 when he was recelleé to Army service., Almost immesiazely,
he was assigred by the Army to work sn the Menhatzean Project.
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In tne fall of 1642, Josevh Fistere,
president, became the first project manager
position until the spring of 1943.

assistant to tha
he served in trne=

Mr. Flstere, a native of New York City, at
University until he was callsd intc service in Worla War I, E=
joined Meallinckrodt in 18L2 after 2 long and veried caresr --
inzluding 20 years in Chineg -- with the Allied Chemical &nd Dyz
Ccrpcraticn.

Eiected tc Maliinckrodt's teard of directors in 1GL5,
he was made a vice president in 197,
Even with these increased responsibilities, he maintained a clese
interest in the affeirs of the Urerium Divisicn and tcckx a grezt
perscnel prilde in its progress and aciivitles.

Tercli E. Tnaver beceme the seccné meneger cf ihe uran-

My . - 3, - P -
i2m cgeretion sarving from the spring of 1643 until lg;»; axni
legzr, frcm 1635 until 1SES, - -

Borrn in Rochester, New York, Mr, Thayer, necw chalrman ¢

re board and president of Nallinc&ruuu, graduated freo tLe
Massachusetts Institute of Technclogy in 1934 wizth e BS de in

chemical engineering adminlistrztion.

Pricr to Jjeining Nallinhkr:dt in 1939, he was wizih

Americen Cyanenid. Eis ezrly Jjobs wer2 in sales and merketing
unsil ke was zssigrned to the U*an-uF D*v*sicr, wrere he bezzn ==
z genstruction sxXpesditer. K2 repidly advanced tc plant mensszsr,
£8slstant prcject mznager, &nd pr::ect menager.

During the pericé when the uranium crerzstion yas uniasr
nis ziidameca, ke npad many creeortunitlies to demenstrates niz crzzn-
i2zticrel s@ills., -

=is ::S'svence . the ordsrly arcroach and tcop perlor-
manaz 3y "nomework,M ! rcr Jg“qess," ené "paying a::e:-;on," scen
tacezT2 Dy-Werds. These stana ards; tczether with a thcouzhiiul con-
cern for the individual. the helpful criticism for an ”cves* mis-
ta%e and gaick recognition for a Jjob well done, brought about the
tezmwork uwnich resulted in the exn=ns*ons, the technc;cg'ca_ Erezz-
trrouzns, and the m2eting of difficult production goals. Recczni-
ticn cf th=se ceririzutions came in 19“0 when >, Thayar yes mads™™
tke yc vice president in M2llinckrodt's h-suory.

Ze served &s & teﬂbnwcal edviser to the United S:zzitas —

aAsemac

;te Dep rimert 2t the 1958 International Conference cn A3
=T Gznevz,

e“ded Cernell

gnd in 1949 became pres: de"..

l
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Dr. Charles D. Harrington served as manager ol the _
Uranlgm Division from 1950 to 1955 ané from 1852 until the scoring
of 1960.

Dr. Harrington, an horor graduate of Harvard Universizy --
BS cum laude, MS and PhD in analyticel chemistry -- came to
Mallinckrodt efter six years in the chemical industry. Jolining
the Compeny in 1941 he brought top-rotch technical canab lizies inm=e
the organization.

Dr. Harrington was born in Wnite Plains, New YorX. scon

moved to Boston end finally settled in St. Louis in 1941. Ee tecsme
acquainted early with uranium, having stucdied and prepared ursniuc
hexafluoride in 1940 while at Harvard. This siudy, incicenz Zlv,

became a part of the design of the gaseous diffusion process Zor
Oax Ridge.

After a2 short time in the Company's analyticel latcrs:
he joined the uranium project in 1¢<Z. Under his leadershit =z=zs
Uranium Division's techniczl efforts grew from a handful ol prsot
to & well-knit, highly comretent technical orgznizaetion. == cond ™~
tirually contributed his tremendous technical etilities esgeclially
in times of crises -- of which thers werz many -- and on nurercus
occasions personally gulded the iong, laborious planning and
designing aof new plants like the grzsn selt andé dingot procssszes. -

He is a co-author of the took "Uranium Productiozn Teih- -
nology," and the 1960 reciplent o the Americen Chemical Socizty's
Micwest Awerd. he became a vice prss-ﬂ ent of Malilnckrocét In 'EE:‘“
ané in 1961 transferred to United MNuclear Corporation of wihizz =
1s & vice president and director

Staniey E. Aronsen was meneger of the Ureanium Tivision
from 1960 To 1Gti. For the ten years prior to his aproinzmant szs
division manager, he had ssrved as essistent éivision ranzzsx,

-

Mr. Ancnsan, a native ol Minneapolis, Minnesota, Jolinsi .
Meliliinckrodt in =G43.

Sta..-“g as a chenmlst in ke laboratory, his ab;:i:; el
Oorganize and get things done soon singled him out as a compelent
edministrator. He figured prom*ne :;y in handliing the grow.n o <he
administrative functions of the Uranium Division, first at s
Destrehan plant and then in smoothing out the start-up difficul-<izs

at Weldon Spring.

'h

Through the yezrs orne of Mr. Anonsen's prime resgpon
bilities was to develop and zcminister cost controli p*ocedu*e

thus played a key role in the Urarniuzm Division's eachleving =
enviable recoré aof steadily decrezsing costis.

Q
S

.-
£. =€
-
-
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His progress has been most marked. In the Urarnium
Division, he advanced from chemist tec staff assistarnt, to essistan:
maneager, and then manager. Returning to the parent corporation, he
became corporate vice president and general manager o the cverziions
division of which the Uranium Division was a part.

In September, 1961, Williem J. Shellev was arpointed _
division mznager, and he continued i The post until August, 13€C. -

Mr. Shelley, a native of Wiznlites, Kansas, wes celled out ol
college to serve in the Army during Werid War II. Alter thrse years
in the service, he returned to the Urniversity of Michigen where he
received his ES degree in 1648 and MS degree in 19L2 in chemicel
engineering. -

-
.

Mr. Shreliey came to thes Urznium Division directly Irom
school zrd stiarted nis indusirigl cerssr as an adrninistrative alis
Teter his treiring a2s a chemicsl engineer wWas empioyed whils giz
ges e rrocess ernginesr on plant protlezs, This experisnce ¢l r.
Srelley's irherently cereful engizesring arrroach to adminis :
Froblems resulted in steady promotisrs. :

\fter a2 period of g=sneral aiministrative responmsiniiiziss,
in 19835 he wes arpointed producticn control maneger, responsible for
the critical task of getting ores in egnd finished products cuxt. :
g - .
-

“
uring this period the Uranium Divisicr developed a meteriels cont
orgerization that became an exemp_e ol efficiency ané thorcughness
throuzhout the Atomic Energy Commisszion.

3

Ee advarced to the pvositisn of director of adminiszrezion
irn 1Z8Z, and assistant Givision menzzsr in 1961, Ee wes elsctel
vice tresident of the Company in 13-, In 1GEE - 13%7, he rrovided
sursrvisory continulty in many zspects ol tne activities essocliztel
Wiz clesing out the Ureniuwn Divisicrn. _

Zn August, 19CE, Edwerd Mcrnzoz wes errointTel menzzesr of the
Uranlum Tivision, arné he continued I Thi2 post until Ihe Company's
conTraect With the ASC was terminetsid In June, 13CT.

A nhative of Bristol, Pennsrlvenig, Mr. Menaco stucdled
from 1935 - 1943 a2t the University of Michigan where he earrned his
BA degres with a major in chemistry. In 18943, he joined Lince Alr
Proiucts Company, Buffalo, New York, esnd served there until 1848 as
surervisor in the firm's uranium procduction plants.

Ee joined Mallinckrodt es & production englizeer in Sertemter
1SkZ, From that time until final cicse-out of the Uranium Division's
crerzzions in 2867, his career wit:z zhe Company wes &2vozef entirsly

to Tre uranium processing operatiors Tor the Governmanz,
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During his nearly 21 years of uranium work at Mallinckroiz, =
Mr. Monaco serveé in various administrative ard supervisory cacazizies
which involved him in almost every aspect of the Company's uranius- _
production activities. By 1965, he had advanced to assistant éivision
manager and operations manager.

Upon promotion to division manager in August, 1966,
Mr. Monaco became responsible for handling the many difficuls manzzz- =«
ment problems associated with the organizational and operational
shut-down of the Uranium Division. He was concerned with phasinzs cus
production operations, placing the Weldon Spring plant in standor 2orn-
dition, transferring and relocating personnel either tdo the paren: -
Company or to positions with other firms, and terminating lator
contracts. In conjunction with Mr. Shelley, he directed the szanzii;
operaticons at Weldon Spring through a site representative uncil <zrz=i-

-

-~
- > -

£ nation of the contract. - .
T Relzted Tocuments - — -
: The following rumbers refer to bibliography entries whizh _
~ are the principel sources for more detailed informaztion on orgznlizzzion
) ard manezement &s discussed in this part of the recort: 3, €, %, 1i, 13, -
- ik, 15, €, 15, 23, 24, 25, 36, 3¢, 41, 50, 58, 59, €1, 75. i, fz, BE,
12-is LT, -L?B, 15¢, 191, 192, 195, 197, 19&, 189, 201, 203, z.I, zi<,
= 215, 2iE, 217, 222, 223, 224,
Additional references mzy be found in scme of the sourczs:
indicates above., - .

2
”w
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Section III.
Part 2

MATERIAL ACCOUNTABILIT

From the earlliest days of its involvement in urznium
work in 1cl2, Mallinckrodt Chemical Works was responsible, under
its contract with the Government, for accounzing for certain

Goverrnreni-owred materiels whizh hed not cnly ;m-ortan: noresary _

-

¥ hizh sctrziezic v=lue.—
& Secturity measure o
ed scurces,

- -

worth Tut., even more =*g:;flcant, exTrems’
Accouniing for the urenium slsc servagd zs
deteot a2nd prevent diversion o unaulhord

Backzrour.d

Accountebility can be described in its simplest form :
comparirng it with a bank balance. A& certain gnount of morey is in
an accourt at the beginning of & month, cdeposits are added anrnd wizn-
érawals suctractied, leaving an end-of-the-month bzliance whicn cen
be checkz< by physiceal count,

in morey account ing it is not diffizult to obteir 2

belancs, Tut in uranium achountab'li:v a2 perfect palance is
gxnleved Teceause of uncertainties in messurements.
Sxcournzezilits Ir The Early Yeers -- 1942 - 1225 -

n the eariy yezrs between LCL2 anc 1325 the $eszi maverizls
were tlz2X oxidge arnd scdium uranats, gni zitko “sh grossly impure,
they werz Tairly uniforn in perticlis slize and compesition. The
uncerteainties in the measurements of uranium zortent were smail,
Ind-uf-the-month physical inventories for preparing a
n*e.\.eria1 balance consisted primarily of a riece-count of feed meTerizls

nd procucts, and the sampling of in-process sslutions., In the initigl

p anz, tre in-process solutions were co“.awnef n ei;h* ternks, ths.

:;;;:s. oZ whizh was 500 gallons. The goo u-;::s wers fairly zurs z=2

corntainsi 1ittle or no solids, makling sampiing, sSzmple prerarazicr,
»Z sample aralyeis a fairly simple task compared w2 the invantory

T22aniguss practiced in the modern piants consirucTes lsier,

(N
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As production facilities expanded, esdditional tanks
having up to 1000-gallon capacities were installed. New process
steps ~- the conversion of urarium dioxide to uranium tectrafluoriie
and the recduction of uranium telrafluoride to metal -- were also
added. These changes added complications to uranium accountebilizy
and required additional efforts and knowiedge of material measu*exen’s

Plant Expansion Recuires Improved Accountzbility Systems

In 1946, with the start-up of the new Destrehen Stree:
plant builv primarily for processing pltchbxe ide mined in the
Belgian Congo, many new and complex accountatility prov.ems were —
experienced.

The much larger plant and more complex processes added o
the problem ol keeping accurate inventories of the in-process maztericsl,
As was expected, materizl balance va l&uiOFS irncreased considsrz:
Modern statistical technigues were empioved to determine the re
ableness of the material balaﬁc=s and wnere elori shouls bve &r
to produce more accurate deta. -

Also in 1946, the whole program was tiransferred from ths’ T
Army to the newly created Atomic Ene*gy Commission, Alihougx =
£EC did not alter drastically the basic ac_ou'tabili.y reguiremen
many changes were effected to improve the sys<em, Emphasis was
placed on statisticel technigues to eveluate materizl measurements
and their effect on the materizl balznces. In eddition to verifiyi=zs
inventory and material belarmces the AZC etartsd invesiligeting the. .
control systems employed by private industry in accounting for =
valuable materizls such azs silver ané gold.

Tevelopment OFf Imrroved Sempline Tezznlouss _. ; —_——

In 1951, serious meaterial bzlance ¢
experieqc=o. Statisticel analysis incl
ritcntlende ores periormed at & sits ns e T EnTry wes in -
error. The Raw Materials Livisiorn of the Atomic Energy Commissic: )
reviewed the daze and direcied efioris to determine the extent ol tThe
error.

penciess were
the sempling o~
of

It was only after an extersive iqvesolgauion zngd thne
Joini effort of Mallinckrodt, the Commﬂss*or, end the contractor
performing the sampling, that the cause of the error wes discovers: -
and corrected. The Uranium Divisior's zccountebility principies
proved sound and were an importent fector in this investigation. S&inze
then Mallinckrodt played a2 mejor rois within The Atomic Energy Com-
mission in developing, improving, and evaluating technigues for
sampling urenium materials.
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New Accountability Methods For Advanced Processing Techrnicgus

m
|

Mellinckrodt continued to develop new accountatil
technigues to Xeep pace with ecdvances in producticn technel

iy
ey .

In conrection with the development of the continuous
ether purification process, the Company develored a srecial methcd
for mezsuring uranium in the extraciior columns. Similariy, when
the continuous process for converting urenium tricxide 0 urenius
tetralluoride replaced the original batch-type process, Mallinckrsiz
develored e special technique for determining the gquanizizies oI
urarium in the continuous reactors.

In these cases ard others of a similar neatura, only carslil
pianning in desizm and stert-up provided accurate data rnecesssary Isr
accourtebility,

Mg for Sermrlirng Oreratlion At Weidon Sctring )

wrern construction cf the rew urarnium procesging vlant =27
We_don Sprirg sterted in 1823, plenrns Includec & completes facilicyr
for the sempling of a2ll Teed meterials as well as o=rner rfalerizl.

Many ccmestic end 2ll foreizn concenirates werse welighed, samctlel, =zni
"aralyzed for paymenti” at Veldor Spring. Only because of itz excsllsens
accountadility recors was thie important function in the Commissicn's

program enitrusted to Mallinckrodt. -

For asditionel informaziion on Mallincxrodt's ecoomplisrzents
in the ares of sampliing, see Sectior IX, Farf 13. o

cox On. Muglear Materia.s Manezsmernz..-

« - - . ~ & ma
Me__irnckreds Cenzrisutes To

119

the need to b

gs<her 2l ©of the Informsiicon

Recognizing ring ©O th meiicn
ralz2tive To ecgountebilizy systems and the value of such & cclledzion”
“0 Trivete irncdusiry, the Atoric Energy Commission contracied wizh 2
crivats Jirm o write a booxXx on the ccntrol zystems ussd in ths nuclear
tusiness, AT{ier severzl yeers oI research and effort, Manazemsnt I7
Tuclear Meteridcis, edited by Tr. R. F. Lump was published in _Sci. It
tne Tfirvst Time and in a singls volumz, 2li of the irnformazion eazout iz
elzborzte control systems smrloyed throughout the nuclear maverizls
industry was evailable.

Matthew N. :Kuehn, who was in charge ol Mallincikrodéi's
maserial accountabilit¥ program, con:iributsd the cherter on the mzzzriz
managemsnt espects of "feed materials processing.” Els text remslinz -
an important industry reference on sempling. measursemenst tachrniguss,
statistical control, collection and fliow ¢f data., meterial beiancs
reporiing, ant inventory procedure:z In the manegement o urznin too-

duction processes.
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Conclusions

Mallinckrodt contributed significantly to the progress
that has been made in the management of nuclear materiels since
1942. Confidence in Mallinckrodt's systems resulted in extending
inventory periods from once & month to considerably longer periods.
By statistically analyzing measurement data, it was found that 10C%
measurements were not required to maintain the same level of confi-
dence in the material balances.

In the 25 years that Mallinckrodt was engaged in the
nuclear business, the value of the uranium accounted for by the
Company amounted to several billion dollars.

Related Documents

The following numbers refer to bibliography entries which
ere the principal sources for more detailed information on material
accountability as discussed in this section of the report: 13, 1&,
16, 23, 24, 41, 51, 53, 71, 77, 100, 101, 121, 164, 175, 181, 18g,
201, 222, 223, 224.

Additional references may be found in some of the sources
indicated above,

#
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Section III

Part 3

PLANT SECURITY

-

Because of the tremendous potential of nuciezr energy icr -
both militery and peaceful epplications, the United Stetes' azonmi:
energy programs, including the refining a2nd production of uraniuk
producte, have always been at the heart of the nalliornal intersst .
and thus hkave regquired the highest cdegree of securicy.

During its 25 yeers of urenium work for the Gevernment =sni

security record.

i

R Ko o H

e Backeround

In the spring of 1939 rumors started to circulate anmoncg -
scientists about the possitbility of a nuclear reaction from th

R fission of urenium -- 2 rezction which could be capabie ¢ relzsssing
B an energy force a2 hundred miilicn times greater than thet of durninz

coel. This same year scientists velunterily egreed to stocpr putli
ary Gazta which might be of military interest, with specla: emghas
or. uranium work. By Septemver of 1Z-1l, when there azppeared e cdelinize
possitility thaet atomic energy would become associated with the vwar
gffort, formal control was initizies, and security was tighiened.
Thus, from its earliest dzrys Irn April, 19LZ, the rew
uranium work going on at Meilinckrcét's main plant near downtowr
St. Louis was "hush-hush." Similer secrecy existed in all of tre
mary crganizalions involvesd in the sTomic energy progrem -- cne sits
had little or no krnowledge 0f whet was going on at other sites.
Security was tight everywhere.

The work of the Manhattan Project wes probetly the bes=
kept secret in America's history.
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"Tube Alloy Dioxide" And Other Code Names

When Mallinckrodt formally started the uranium research
effort on April 24, 1942, the Company, well aware that the uranium
work was secret, deliberately chose the name "Uranium Oxide S. L.
42-17" for the project. The name was chosen to disguise the work
as being associated with Mallinckrodt's line of S. L. (standard
luminescent) chemicals and, therefore, not special or -unusual in
any respect. However, it was determined that the use of the term
"uranium" was contrary to security regulations, and at the request
of Government security officials, the name of the project was
changed to "Tube Alloy Dioxide."

Code names assigned by Weshington were changed periodi-
cally to keep the picture as confusing as possible. Documents
loocked more like a menu than a tally sheet, containing product
names such as orange Juice, cocoa, derbies, biscuits, rolls,
talcum, and vitamins. The AEC letter shown in Figure III-3.1
lists several of these code names as well as others.

Many of the code names eventually became common in routine
uranium-industry language, and some of the terms were so appropriate
that they still are in use today. “Green salt," a very graphic
description of uranium tetrafluoride (UFy), is a good example of &
currently used term, as is "brown oxide" (uranium dioxide, or UO;),
and "orange oxide" (uranium trioxide, or UO3). |

Government Security Control

During the period from 1942 through 1946, personnel back-
ground investigations were conducted by Army personnel under the
direction of the Sixth Service Command, Chicago. Clearances, in
turn, were granted by the Manhattan Engineer District (MED).

During the period from 1947 through 1952, the Federal
Bureau of Investigation conducted all background investigations.
Clearances were granted by the AEC.

During the period from 1956 through termination of the
contract at Weldon Spring, the majority of background investigations
invelving contractor personnel were conducted by the Civil Service
Commission. Clearances continued to be granted by the AEC.

All outgoing shipments were classified and escorted by
special couriers who were drawn from a guard complement maintained
by the MED in Chicago. Most shipments went by rail, the material
and the courier riding in a special caboose which was made a part
of regular freight runs. Everything was done to make these runs
inconspicuous while, at the same time, providing maximum security.
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Figure III-3.1 CODE NAMES were changed periodically.
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Incoming shipments of raw material, pitchblende from the
Belgian Congo, traveled by ship from Africa and arrived in New York
for processing. The concentrates were then shipped by rall on
freight cars. Special cars were used because the material, packed
in 55 gallon drums, gave off polsonous radon ges and the cars had
to be of the ventilated type.

Offsite warehouse facilities at the Small Arms Plant in
St. louis were utilized for temporary storage of uranium metal and
intermediate products. These materials were stored temporarily
before being shipped to subsequent destinations: Oak Ridge,
Tennessee; Electromet at Niagara Falls, New York, for reduction;
or the Simonds Saw and Steel Company in ILockport, New York, for .
rolling into final shapes for ultimate use at Hanford.

Physical access to the classified working areas was
controlled through an exchange badge system. The system was
administered so tightly and so successfully that even local in-
spectors from the fire department and other civil agencies found
it impossible to get in.

Security Administration By Mellinckrodt

With the start-up, in 1946, of the new refinery (Plant 6)
at Destrehan Street, physical security was provided by Mzllinckrodt
guards who were stationed on elevated towers from which they could
view completely all fence lines surrounding the plant. Fach tower
facility, such as the one shown in Figure III-3.2, was small --
approximately 4 feet by 4 feet -- and contained a chalr, an intercom
with guard headquarters, a fan in summer and a small heater in winter.

Mallinckrodt guards, equipped with side arms and riot guns,
manned the towers around the clock, seven days a week, for four tense
years.

In 1947, the newly formed United States Atomic Energy
Commission established offices on the site and government control
passed from a military agency, the Manhattan Engineer District, to
2 civilian agency. At about the same time, a Mallinckrodt security
office was established to administer the new Commission's security
regulations governing the classification and handling of "restricted
data." This was mostly an administrative change, transferring to
Mallinckrodt the responsibility to see that educational programs were
initiated, manuals were prepared, file cabinets were fitted with com-
bination safe locks, key controls were set up, security checks were
initiated, tight rules were made for shippling of classified materials,
and visitor controls put into effect.
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Pigure III-3.2 ELEVATED GUARD TOWERS were manned by MCW guards around

the clock.
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An important part of the new security program, the
responsibility for processing personnel clearances of all project
employees, consultants, subcontractor people, and some main plant
personnel transferred to Mallinckrodt. Everyone working on the
project was photographed, fingerprinted and provided with identi-
fication badges.

In 1949, plant protection functions became the security
officer's responsibility. The project came within Class "“A"
security category and compliance with stricter government standards
was required.

Under Colonel William R. Gerhardt (U. S. Army retired),
the uranium activity adopted a further stepped-up security program.
He directed the preparation of guard-force manuals, and training
and educational refresher courses in use of firearms, operation of
the glarm system, fire safety and health physies regulations, pro-
perty removal procedures, and security control of employees and
visitors. One of the most noticeable changes was the Increased
military appearance of guard force personnel in new uniforms and
polished leather.

Additional Security For Increased Plant Operations

- - In 1949, a building program was completed which provided
new offictes, a health physics section, a maintenance building and
enlarged laboratory facilities. Later, the construction of Plant
6E was completed together wWith adjoining bulldings housing the
cafeteria, laundry, employee locker and shower facllities, doctors'
examination offices, security office, employee and visitor entrances
and guard headquarters.

In 1951, Plant 7 (green salt plant), directly opposite
Plant 6, was completed and operations were started up. When Plant &4
stopped processing green salt, the facility was used as a storage
area, pilot plant and laboratory.

[A

The security problems involved in protecting Plants 4, 6,
6E and 7 were many and varied, with additional ones caused by the
separation of plant sites by public streets. It always meant con-
stant surveillance by guard escort whenever inter-plant movement of
classified material was involved. Acquisition of the new site at
Weldon Spring in 1956-~1957 alleviated many of the security problems
experienced in St. Louis.

Plant protection at the Weldon Spring site required a
separate guard force organlization. As the Weldon Spring operations
continued to grow, the other St. Louls operatlions, including their
guard-force functions, were reduced. Ultimately, all of the St.
Iouis-area uranium operations except those at Weldon Spring wvere
deactivated entirely, and their small, remaining guard-force
operations were discontinued. .

[
.
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With the installation of advanced plant-survelllance
and communications equipment at Weldon Spring, protection-
security operations became almost completely routinized. A
communications post, such as the one shown in Figure III-3.3,
was the focal point for all security and plant-protection opera-
tions .

Figure III-3.3 COMMUNICATIONS POST ‘was focal point for plant pro-
tection and security. .
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The panel board shown in the picture contzined receivers
for ultrescnic alarm systems, as well as fire and evacuation alarms.
Other equipment included a two-way radio control unit, emergency
telephones and "beeper" devices.

Additional protection was provided through participeticn
in the Netionel Advance Warning Systsm (NAWAS).

Cenclusions

From the time that the smell uranium research projeci wss
started at Mallinckrodt in the spring of 1942 until the Atomic
Energy Commission’s standby contract with the Company was terminzsted
in 1967, the Mellinckrocdt-operated uranium activities in the St.
Louis arsa meintained an excellent sscurity record.

During the entire period -- a qQuarter of a century --
there was no serious security vieclaticn or betreyal of trust which
corld have jeopardized the nationel szcurity or proved emberrsssing
to either the Governmen:i or Mzallinckrodt.

Relzated Documents

are the principal sources for more dstailed information on plant
security es discussed in this secticn of the report: 14, 23, 24,
26, 42, 73, 222, 223, 224, :

Additionel references mzy be found in scme of the scur:zs
indiczeted above,.

n




852653
~144-

- . -

Sectiorn IZZ .z
Part 4

HEALTH AND SAFETY

Throughout the histery of the uranium-processing oseratiorns
n the St. Louls arez, vigorous elfort was exerted in eszatlishing
and ma;:taz::rg ad=aua*e hezith and s&afety p*o**“.s for tns protestion
of pecrle, materizls and obereticrns toth within planzt siies 2z2é in
off-siie arezs. -
Trne heslith andéd sefety worx enccmassed eculnmsni-fssizn |
ectivitles, operazicnel dis*‘pline, medicel progrzms and gucizs of -
rossibie employee-eXpesure 15 uranium toxiotity or cther contamlinzticn,
and environmenial saeguards.
Eacksround _

Wnen Mallinckrodt Chsmicel Works first undertook i
re:l 1“_.5 and production of pu*a urenium szlts eand uranium metel,
the entire project was carried out on a shori-term, wer-time tasis
under trhe control of the Menhetzen Enginesr District (MIEI}.

‘

It was krnowr Thet urarnium was e nheavy metal tolscn such
as leagd. }ow=/er relatively litile was Known ebout rzdlzTiin expisurs
associzted with the meterizl. . It was fel= that ih raiis&::;*;:y ~susl
£ urearnium wes low enough sc that swmell scele, shert-=grm crsvazizns .
wourld roT Tresent 2 rzéiaticr preblenm.

Or this besis, the materiazis were handied mainly accoriin
to standaré irndusctry rrocecures for health end sefety protscTion
against the hazards of ord*rary toxit chemicals. Precautions cf Tl
nature had been basic tb uzhout the his»ory of Mallinckroct, ané ==
Company's workmen, engi rner-, ané chemists were lonz famlililar wic
them. -

Il'l

Washington Universivty And Unirsrsizy O Rozhestsr Tcrneul=as
1" - -~ -~ =" ..
Alihough trere was po "formel" health progranm specifically
related to urenium hanilinz :ren ThE WOrx was sterted inm Aprili, II5E, L
there was, naverihelessz, gz rsz_lizaticn from the begimning ¢f z nesd
for specific mezsurszz 2z :?::e:t thz emplcyees' nezlsn from any
detrimertal charzcserizcisz s —ne unanium. -
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When Dr. Arthur Holly Compton and his colleagues from ths
University of Chicago initlally epproached Edward MellincXrodt, Jr.,
to ask for his Company's assistance in preparing purified uranium
compounds for use in their experimental nuclear reactor, Mr.
Mallinckrodt was concerned about possible heazlth hazards to his T
employees. He insisted that every measure possible be taken to
insure their protection. Therefore, an oral part of the Company's
agreement to undertzke the project included a provision thet the
Washington University School of Medicine pTOV‘Qe pbys*ca’ exami-
nations for Mallinckrodt employees involved in the work.

In the course of the Uranium Division's history, seven
doctors from the Washington University medicel-school staff were
irstrumental in the develorment of z health program for tne Divisiorn.
Ore of the seven, Dr. Heinz Ezfiner, wes associeted with the heal<xn ™~
progren from 1942 until 19€¢€ whern orerations at the Weldon Spring
facilizy were terminated. He served as the Division's cornsulzan:
medical director into the 18&8(s, ard subseouéntly as & medical con-
sultant., Dr. Norman Knowlton, or.. &iso one of the seven k;s;ing:s:

ersity doctors, succe=dei Dr, Zzlfner as constltent mediczl 7. 1 °

riv -
QLr=2T0r. -

In addition to the consuizetion provided by the School cf
Medicine, other advice and assistarnce in hezlth andé safety proseczicn .
was provided by the Urniversisy's Dezaertment of Physics azrd by the
MED through its contrzet witn the Universizty of Rochester

The MED had contracted the University of Rochester to : ‘
£ measure the effects of uranium, r-utonium, and rzdium exposure on -
5 arnimzls. In adéitlon, the Unliversi<y of Rcchester pe*ioc**a_lv .
- sent men to Melliinckrodt to test dust concentration and raflosctivizy
- ir.snslities and to stert a2 film-tacdze service. In general, Ine
. niversizy of Rochester p*ov‘ccd spsciaiized health services for zthe
= St. louis uraznium operation until the uranium project kag Its oun

A = == o
hegltsn Zepzrimant. , -

AZC Corntrdl Piesces New Emphasis Orn Zezlih And Selfety -

As indlizeated ebove, during the eerly years, uranium
activitizs in Et. louis were opersted under .the MED on & short-terz,
emergency basis. During the war, Mallinckrodt's contract zor ths
uraniun work was renewed at 6-month intervals -- an indiceticn eof
the "temporary" nature of the project. Because the work was inten
to ccrntinue for only a short pe iod, radiation exposure was no: con
sidered a provlem, and no major heaith programs were regulrel.

4233

(3N
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AT the end of the war, when it was decided tha% atomic
energy Was nhere to stey -- ané zlong with it, uranium processing --
the status 0% the health end safeily reguirements charged signi-

ficanzti
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In 1GLE, responsibility for operation of the uraniux
project in St. louls was transferrec Trom the MED to the Atomic
Erergy Commissiorn. With the passagn of the Atomic Ere*gy Act, ths
Commission assuned obligatious for sa’le operatlon of fzs faeiiizie
It was abou: that time that the St. Zouis uranium acilivity was
assigned a permanent status.

This placed an entirely different ligh: on tThe hke2lth ani
safety aspects of the u*anian pro-essing worA. Ra a::or 'ove_s

1nde-1n tely wiz hou» some r:sz o- uam,se to hea_-h. Also, sc"eiu e
procduction increases would bring incresases in radiaticn prodlers

The AZEC sant personnel to S:t. Louigs to evzlua
healith aspects of the Mallinckrodt orerested Taciliy ar
sugge-vions for possible improvements. The Commisslon’

cZ biology and wed*ciqe througnh the nsaiih division cf
Opsrazions 0ffices (NYC), teceme the cutside policy-méxning grour

-
the urznium projset in St. Zoulis.

- .. . /A formal heslth progrem started in ;9%? in cornecilon
the,acait‘on of thne Zlazrnt € refi;ery‘a: Testrehin Qures‘ end izs
‘. <. Ak . =

.attendarnt- raciation kazerd

The new health Erogram was sterted on 2 cresh kasis 2 T
provice engineering conirol of rnezl:ikh Troblems, anid to esi&bl,:h i
procedures and reguletiorns Jor ine proiecilion of.persornal &nd

materials.

¥

) w

e

g’ The Fia=zt ¢ refinery was *::str:c:ed tc Trocess pizzonrlsni

wrich contalired sgignificent amcunts of radium. RBecsuse radium gives

3 off germmz rzys, wnish are very renetrzTing, one ol the first prolecs

. of the new healtn elTort was 1o worz with ergirsesring 0 provisds Thni
- gnieid-viglis ol concreve, bricx, lezg, or s:ée: erdtné <he gerzs of

the trocess contelining radium, Later, uranium ores wizhout refizm
were surpplised, and the thick shie;:::z walls becere unnecessary.
fmother melor problem wes rroviding g scd dust controal ané ventilazicon
to prevent inhalation of redioactive Zusts or geses.

Eealth Departmen+ Established In 10lZ

n September 10L7, following discusslions between AIC eni
Mellinekrodt rspresensativeg, Tr. W, . Kaliley of she New York
T Operations OfZicz sutmitted ToO Nallinckro‘t a ccorerehensive outlins
_i of recommencdations for the initi £ an extsnsive program <o
B protect psrsonne. Irom rzii 5 &% Lne Drojesct r_Lants.

[ UL
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This eventually led to the health effort acquiring depart-
ment status in 1948, and during the year, major improvements and
large expenditures were made in expanding the health program.

Plant Improvements For Health And Safety

The expanded health program was designed to handle the
problems pecullar to large-scale production of uranium metal from
all types of feed materials.

The program's immediate objectives were: to install
ventilation equipment and shielding, where required, to comply with
heelth protection guldes established by the AEC; to educate employees
regerding the health-protection aspects of working with uranium
materials; and to establish operational procedures for safeguarding
the health of employees and for preventing the spread, beyond the
plant site, of plant materials possibly exposed to radloactive
contarmination.

The first efforts of the newly formed Health Department
inciuded the tasks of improving conditions in the ore room,
developing a dust-control system, and carrying out a series of
radiation-shielding, dust-collection and ventllation projects. As
the expanded health and safety program progressed, extensive shielding
and dust-control facilities were installed in all plants, and those
areas which could not be brought under adequate control were replaced
with newly constructed facilities.

Figure ITI-4.1 is a photograph showing a row of giant dust
collectors. Dust collection systems were standard ltems .in the
plant process in the St. Louis area since 1943-44. The collectors
shown in the picture were part of a metal-plant dust-collection
system that could move 80,000 cubic feet of air per minute.

Medical And Other Personnel-Protection Services

As part of the expanded heelth effort, the medical program
was stepped up, and other measures were taken to protect personnel
and property from excessive exposure to radiocactivity and uranium.

All of the facilitlies of Barnes Hospital and the Washington
Universlty medical school were available, and many special tests
were conducted there untll proper facilities could be set up at the
plant. Dr. A. L. Hughes, Professor of Physics at Washington University,
served as consultant on the physics of radiation. The expanded health-
protection program included frequent medical examinations, and a
series of speclal blo-assay tests, each one designed to measure any
blological effects of working with uranium, long before any damage was
done to a man's health.
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An additional check on personnel was Brovided by the
film-badge service which had been started in 1942 to measure exposure
to beta and gamma radiation. Breath samples, taken periodically
from those personnel whose duties involved exposure to radon, were
also used to measure exposure to radioactivity and uranium.

Initially, Mallinckrodt forwarded the film badges and
breath samples to the AEC Medical Laboratories at Rochester, New
York, for examination and checking. ILater, the Company had the
equipment and technicians necessary for complete and autonomous
handling of the film-badge service.

Figure III-4.2 is a photograph showing film badges being
checked by a Mallinckrodt employee.

A number of other measures were taken to protect personnel
against excessive exposure to radioactivity and uranium. One of the
first steps was an employee-rotation program. In addition, a
clothing-change and shower program was :compulsory for all employees
who contacted radicactive materials during their work.

Contamination control was another important pert of the
health program. It was conducted in accordance with AEC rules to
insure that radiocactive contamination did not get carried off the
site on people's clothing, equipment, trucks, and other objects and
become widely distributed about the country.

This program was instigated by the AEC not because there ‘

would have been any particular damage done by the materials from

the Mallinckrodt operations, but rather as a part of the Commission's
nationwide policy, concerning all sources of radioactivity. If
radioactive contamination would have been allowed to spread without
control, there might have been many serious effects, not specifically
on people's health, but rather on various aspects of the highly com-
plex industrial society, such as on the photographic and film industry.
Such contamination would also make more difficult and obscure the
detection or analysis of fellout or other indications concerning use
or testing of atomic weapons.

Special Employee-Relations Activities

Employees who had worked on the uranium project for several
years with few formal health regulations found it difficult to under-
stand the new emphasis on physical exams, dust control, radiation
shielding, and other health and safety measures.

To explain the progrem and the reasons behind it, repre-
sentatives of the health department held many informational and
educational meetings with employees for a period of almost two years.




s of

ign

L]
Vatd
o

$52653

-150-~

.2 TILM BADGES WERE EXAMINED for s

exposure to beta and gamma radiation.

Figure III-4
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Heelth And Safetv Features Incorporated
Into Design Of New Metzl And Green Salt Facilities - -

The next major phase ¢f the health program began in 1G:
in connection with the design and construction of two new procduct
plants -- Plants 6E and 7 -- to replace the 0ld metal and green se

-
e
-
<
~on
e
-l
c

other characteristics of the old plani were such that éxpanded prc
duction could not be conducted in 2 safe and heelithy marner while
still meintaining a reesonstle degree of efficiency.

When the new metal plant was to be built, all of the
concentrated experience acguired during the previous two years of
wrestling with dust ané radistion problems was intelligently aprlizs
in developing the design. As a resu’t, when the new metal plart
started rroduction, it had only one work statior. with avtove tole
dust concentretions, and this situztion was remedlied at & cost o
less then $1006.CGC. oo

gr.ce

had
e
-

Soon atter the metzl plant was completed, design weas s=gried
on 8 new green selt plant across the street. The major heeltih ad-
vantege in this new plant was the new horizontal-tlube screw rescicr
(see Section II, Part 9) developed ty MallincXrodt, which replacec
the 0ld open trays and box furnaces thazt had been used at Flant &.
Because the new reactors were complelely enclosed, it was possibls
t0 provide first class dust and radiztion protection. This meen:
that men could go about their normel duties without having to wser
respiretors and would heve to wear thex only cduring dusty Jjobs when
the ecuipment was opened ur for inspection or maintenance.

The plant was zlso well cdesigned from the safety point of
view, especialliy in view oI tne fact that hydrogen fluoride, 2
dangerous and tricky chemical, was irvolved in the plent operetilornrs.
Trzining and excellient atzention to sefety on the pert of the plent”
operz=ors resulzz¢ In this plant winning a safety awerd for corniucting
five ysars ol ogzrazior. wizTrnout & _cst-time accident. )

Continuing Imerovemernts Toc Meet Higher Starnderds

Durirz the 1950s, the Healinh Department continued to werx
closely with design engineers to meet revised standards set by tos
AEC.

As the netion's atomic energy program expanded, the porenztial

for larger nunmtexs o people to be subjected to long-term radiasticn
expcsure led the AEC to introduce & series of reductions 1Ir exposurs
limits. This wee done to safeguard not only those directly invo_vel
in uranium productiiorn and other atomic-energy work, but aiso, in e
broader sense, to protect thes nation es a whole as well as fuiurs
generations.
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To meet these changing health and safety standerds
established by the AEC, as they applied to the Maliinckrodt uranium-
processing operations, the Comreny's engineerinz rersonnel haé to
alter designs of existing facilities as well z= construct new fegiliziss.

r
S

.Cortrol Transferred To Oesk Ridze In 1Q54 --
New Administrative Policy Estaniished Bv AEC

In 1954, control of the uranium effort in S8t. Louis wes
transferred from the AZEC's New York Operations Cffice (NY00) to 7z ~
Oak Ricége Operations OIifice (CROO). Witn this crhenge, the AZC
significantly revised its administrative pollcy conernirng healzhn
and safety and other functions of the uranium zactivity.

Untii 1954, the NYOOQ had particip with Mallinexrodz_

in all aspecis of tne heelzTh and selsty ectiv g, includinz vozh

estebilishing starcards ani implementing = In gécizion, Tfe ™ ~

Nzw Yorx Cffice servel as arn imsersanc c_technigel guldancs

for llallirckrocz. : S T
Calk Ricge, In conirast, edministersi the coniract wizin

MaZllinoxrodt on the besis of an entirely different prlilosophv.

Accordirg to the new policy, the CRCOC escted ornly in a2 supervisory

caraciiy. The OROO limized its role to that of esieviisiing hesliih -

ard safely criteria., The contractor was respornsitle ~- on its own --

for imp_ementing activities to mest the esteblished standards., B 3

Wizh the transfer of control to Cek Fifge, the New Yorx
Orerations Cffice, rno longer in charge of feed meTeTiels processing. -
teceme the Hezlin andé Safety Latoratzory (HASL) for the AZZ. Unzil
the Weldon Sprirg fecilities were in Jull operatlion, =ZnSL assiszel
Mallinckrod: by rverforming valuakble gervice Junciions such es
conducting breaih-ratings and vio-esseys. T T

\

FaTEY N LNC BN o - -~ - T 2l
Datstandinzg ¥Fealith Progrzm Anf Facsi_ities

Tor We_don Scrirg Flant E -
Tne cortinued expansion of the uranium corerzztlicns in tihe
St. Iouls area led to the constructiocn of & new uranium posnt at

Weldon Spring, Missouri.

The design of the Weidon Srrirg plant took advantege of
btoth the Company's and the ARC's accumulated wez’th o exgerierce
concerning the handlirz of hezlih ané contaminetion proklems encounTerxsd
Irn urariuvm processing. The Toznt layout at Welion Spring was pienisl
to reduce confusion and lost time in changing clothes ané to fecili¥ats
control of the spread ¢f contamingilon. Advancted dust-conirol sys=sezs
were desizned and insiaelled In the plant, ani =z mocdern diszensary an

emerzzncy hospizal wer:s proviisd. T general <he pnysicel facilitlss
i seré prozren for healtlh ané safsty et Weldon Sgring were consideres
cutszaniing In The industry. T -
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The Health Department started its operations a%t Weldon
Spring in May, 1957, and because the Department had more office .._ .
space and laboratory space at the new facility, it headguartered- P
all of its administrative functions, records, and laboratories
there.

Existing health programs were continued at both the S8%.
Louis plant and at the new site, and & number of surplementel pro-
grams were initiated at the Weldon Spring plant. When the Destrenan
Street activities were terminzted in 1955, the entire health operstior,
was located at Weldon Spring. ) -

The Health Department experienced substantial growth at
the Weldon Spring facility. Two bio-assay laboratories, three meéizal

lzboratories for physical examinsestion analyses, and two environmerntal
laboratories were built and staffez, )

Safety Program Expanded

9

Urtil the charnge from e unit-price to e cost-rlus-ITixsd-
fee contrect, safety programs for the uranium activitiies were
administered primarily through the mein plant, rather than the
Uranium Division. However, s separzte Sefety Department was creszzel. . __
as part of the Uraznium Division's industrial relations organization.

In 1659, the Sefety Depariment wes combined with the
Heelth Depariment. The integrated functions were carried out under
2 single director until final ectivi<ies were terminated at Welden )
Spring.

Ernvironmenta. Safezucris

In zddition to the contaminztion control efforts mentichexd
rreviously, a rumber of other environmental measurement and control .
programs were carried out tc safeguerd the communities -- both Icecel
znd netlional -~ outsldzs e plant from eny hezards which might ©
ecssociated with the uranium pracsssing. The programs corgducted T <he
Weldon Spring fecility to minimize the release of uranium-beering
materizls to the surrounding environment were overated satisfecterilys’
durir.g the entire history ol the piant.

) ()

Plant-process chemical wastes and other process residues
were retained in storage facilities located at the site. Treat=g

waste materials were purpes to either the process sewer or to seiiling |

basins where sollids were removed. The plant-process sewer carriel
the remaining water effluent into the Missouri River.
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Each day, water in the process sewer was sampled zuio-
matically to provide continual measurement datae concerh-ne eny
release of uranium-bearing material into the river. Cif-size water
samples also were collected from other rivers, streams, lakes, arcd
creeks loczted within the plant's water sned. n addition, air
samples collected along and beyond the plant perimeter were testes
for uranium and radiatior content.

Figure IITI-4.3 iz a photograph showing water samples beirz

collected. Semi-annually an extensive survey of the Missouri River

was conducted to determine the content of urenium a2rd other chemicsl

=

constituents in the river both upstream ané downsiream from the

Weldon Spring plant. Ureanium concentrations downstream ¢id not differ
significantly from the river's ordinary uranium content upstream Trzz .

the Weldon Spring facility. Additional checks were made by sawmrlins

water at intakes to the water rlants of the cities of SI. Iouls ans
t. Charies.

In general, sampling oI the envircnment of the Wel
Spring p-ant incdic veo the<s uranium -be;rl:z materials in tre
wazier shed anc perimeter 2ir were sutstiant ;_-J the seme es
of natural u*aﬂ‘um in non-occupational areas, never bveing mo
a small fraction of AzZC-zccepted limits.

don
ar
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For zll shipments of uranium metal and other materisls -

from Weldon Spring, the rejquiremnents of the Interstate Cormerce . _ .
Commission were met -- exceptu- -An caSes- of shi ipments thes- -were: exerr=

by some spec_al permit
Oor empty czrrier was test
ur.der the ICC regulatiorns,

pecial prov1sion. Each ‘outgcin ni“:s::
erd wes not relezsed until It qualifies

om Wel_céon Srring was
o3

speclal convteiners.
irectiy on tie -open st

Uraniun metal shil
radiocactive to reqguire ship
frorm procese: 2reas Were meT

AL

' ‘-j 1 m o

Conclusions

Health and sefsty dctivities continuelly improvei &
expended in scope during <he nistory of the St. Iouls-ersz ursnisy
operation.

The success o the program resulted from the intelliz=n<
cooperation and teamwork of all concerred, including Governme“v
reornseﬂyativee Sfrom the M2D and the AEC, Mallirckrodt employess,
doctors and scientists frcm Washington University and the Universi-c:
of Rochester, and many others.
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Their combined efforts produced an outstanding health and
safety program which was responsible not only for protecting the
health and safety of many people, but also for protecting materlals
and vital industriz) and military operations.

Related Documents

A thorough account of the health protection measures
employed at Mallinckrodt's Uranium Division is provided in Charles

D. Harrington and Archie E. Ruehle's Uranium Production Technology

in Chapter 18, "Health Hazard Control.

The following numbers refer to other bibliography entries
which are also important sources for more detalled information on
the health and safety programs described in this subsection:

1, 2, 10, 13, 14, 23, 24, 27, 33, 34, 35, 37, 38, 47, 60, 72, 85,
153, 108 125, 127, ik, 182, 1B3,7188;7193, 194, 196, 198, 200,
201, 202, 203, 204, 205, 206, 213, 214, 220, 222, 223, 224.

Additional references may be found in some of the sources
indicated ebove.
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Section IV

PRODUCTION AND COST

The 25-year history of the production effort under the
uranium-processing contracts between Mallinckrodt Chemical Works
and thHe Government can be divided into two major periods -- one,
the period from 1942 to 1956, and the other from 1956 until termi-
netion of the contract at Weldon Spring in 1967.

During the first period, the work was performed under
fixed-price contract arrangements. From 1942 - 1946, operations
were located at Mallinckrodt's main plant at Second and Mallinckrodt
Streets in downtown St. Louis, Mo. The scope of the project gradually
grew, and in 1947, responsibility for the operation was assigned to
the United States Atomic Energy Commission. About the same time,
the Destrehan Street facilities were added to the project.

During the second period, operations were carried out
under a cost-plus-fixed-fee contract. Additional expansion and
consolidation led to the erection of the Weldon Spring facility and
termination of the Destrehan Street operations.

Throughout Mallinckrodt's work for the Government, pro-
duction levels and costs related to production levels were classi-
fied. This section of the report does not include information that
is still classified; however, adequate unclassified information is
available to provide the reader with insight into the interrelated
facets of operating the production facllities.

Contractual Arrangements

Many aspects of management, organization, administration,
operating procedures and Government policies influenced production
and costs of the St. Iouis-area uranium processing projects. One
of these influences was the type of contract under which the work
was performed.

-—
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During the initial period, under the fixed-price contrec
all money exchanges with the Government were based upon a fixed
price for accomplishing a specified amount of work. The contract
with the AEC provided that 30 days prior to a contracting period, the
AEC would inform Mallinckrodt of the quantity and quality of feed --
materials to be purified during the conilract period. At first, tre
contract period was one calendar quarter. Later, it was changed o
one calendar third (four months). :

ol
“

In addition to the besic uranium production ope*ations,
Mallinckrodt engaged in research projects and constructlion projec:

which the Company carried out for the AEC essentially on a fixea-
price basis, Development work on operating processes that were
‘already ‘established wes accourued for as part of the manufacturing

operation. However, developmenti work on new processes or producss
was carried as 2 sena*ate program item, and to secure the contractiing
officer's advance ezpproval o expencitures, Mallinckrodt was reguirses
to define the work carefully in terms of program plans, progress and
status during specific phases.

Construction work was subject to somewhet more specilic
prior definition of details and estimeted costs. All constructicn
p*OJECtS had to be described carefully by Mallinckrodt and aprroved
by tne AEC before the work was sterted. After the constructior was
underway, status reports and other means were used to keep the AZC
fuily informeé of the progress o the vork.

When the cost-plus-fixed-‘ee contract was implemeniei anc
the expansion of the Weldon Spring site started, the pollcy ol
before-the-fact approvel continued. However, the costs of all nro-
gramns, includirng production as well as construction and deve-op"61:
work, were tied directly to fiscgl-year expenditures. This cost-
accounting policy was in accordance w*th the established admiris<
tive procedures of the AEC at the tim

Competictive &tmosonsre

Freguently, it is assumed that Government ope*auions are
irherently more expensive beczuse they lack the element of effectivs
competition. 1In the case of the AZC feed materials plants, such a
situvation did not exist. =

During years 1943 - 1947 several plants, in addition to
Mallinckrodt, produced U0, Ury and/or U metal. Production contrzeis
after 1347 were based on once*:t;?- bids. Mallinckrodt was low
bidder and thus operated the on_y ,-anu for these three products untii
the Fernald, Ohio plaent was bullt t¢c meet increased capacity neecs.
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Beginning with the erection, in 1953, of the Fernald
plant, which was operated by Natlional Lead Company of Ohio, step
by step competition existed between the St. Iouis and Fernald
operations. Unlike commercizl enterprises, competitive data con-
cerning costs, levels of personnel, and purchasing prices of
reagents and materlals were made avallable to the other party.
The competitive atmosphere remained intense and unremitting until
1962, and subsequently continued at & somewhat reduced level due
to the dissimllarity of operations being carried on at the two plants.

It generally was understood that a similar competitive
atmosphere exlsted between the production reactor operations at
Savannah River and Hanford.

Fixed-Price Contract -- 1942 Through 1955

The original contract provided that Mallinckrodt would
operate the Government's uranium projects at the Company's facil-
ities in St. Louls. On a regular basls, the Government would
supply Mallinckrodt with specified quality feed materials and other
items selected by the Government. The Company was expected to pro-
vide all of the necessary personnel, reagents and materials required
to produce the stipulated amount of specification-quality product.
Under these arrangements, therefore, Mallinckrodt invested a certzin
amount of its own capital funds -- in the form of mechanical and
reagent inventories and operating capital -- in the uranium pro-
cessing work at the Destrehan Street site.

During the period of operation under the fixed-price

contract, it was the obJjective of the AEC to operate the Destrehan

treet facility at its maximum capacity with the feed materials then
avallable. Early in this phase of the operation's history, the feed
materials consisted primarily of Belgian Congo pitchblende ore.
Later, the materials processed included captured German and Japanese
concentrates, magnesium precipitates from Belgian Congo and con-
centrates produced by domestic and Canadlian producers.

The amount of income which Mallinckrodt derived from its
operation of the Destrehan Street facilities was determined on s
regular basis through negotiation with appropriate AEC authorities.

A fixed price was negotiated 1ln advance, for a specific period, based
on schedule and feed-quality projections. The Company's profit was
determined by controlling costs and achieving production schedules,

The estimated cost figures were based on forecasts, for
a specific period, of the estimated levels of personnel, reagent
consumption, maintenance, and all other similar items required to
produce product of specification quality from the feed materlals.
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The Destrehan Street facility was equipped to hendle the
Belgian Congo ore. However, processing of this feed material was
relatively costly because allowances had to be made for operating 2
totally enclosed separation plant for protection against the hazardi-
ous radium residue present in the pitchblende ore. The concentrated
materials, which were secured later, such es the magnesium concen-
trate from the Belgian Congo, end domestic and Cenadian mill con-
centraetes, did not contein radium and therefore were consideradly
less costly to process than the pitchblende ore.

During the period of operation under the fixed-price
contract arrangements, unit prices were established periodically
through negotiations with the contracting officer in the St. Louis
area. Funding was established primarily on a historiczl basis;
however, mejor changes in quality of feed materials, in shipping
methods and containers, and in prices of reagents, materials anc
labor were recognized for the comingz period, ard their inlluerce con
costs was taker into account belore the fact by responsible A=C _
personnel.

Unanticipated excessive costs in plant start-up, in
yield, or in reagent cornsumption resulted in reduced Mellincxkrodz
income for the period. Decreased costs, due to improved procedures
and efficiency of personnel resulted in inrncreased income for tie
period. Normally, the subsequent reriod wes adjusted at the
insistence of either pearty in an z:ttempt to bring the estimates ir
line with ectuel costs. The demand for a new product, or the '
installation of a new process inevitably cazused major discussions
of pricing methods.

From 1942 until 1948, research ané developmeni work was
carried out without special furds, and was considered part of
Mallinckrodt's routine urznium-processing operztions. Initial . .
reseerch was performed in the latorstery and subseguent develorment _. .
work was carried ous -- through tne fingl! shale-down stazes ~-- in
the plant production facility. xc pllot-piant facility wes eveailstle
for intermediate develorment. -

Separate, specizlly Tunded, major resezrch and development =
activities began with the establishment of a smell lazboratory in
1948 to examine the amenability of new feed materials to the dual-
cycle ether extraction process which was then in operation at the
Destrehan Street plant. This effort was augmented further, in 194E,
by the esteblishment of e green-sa:t pilot plant for the develormen:
of 2 new green-salt process. b

- = -IQ
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The pilot plant was essentially a reproduction of the
various processes in the Destrehan Street refinery. It was used
for further amenability testing of feed materials until it became
necessary to research the process to be used at the AEC plant at
Fernald, Ohilo.

Development efforts, which continually grew as the need
for uranium increased, included work on the magnesium-fluoride
recovery process;. the dingot metal process and a forging pllot plant.
Machining facilities for forged and extruded materials were established
and operated for a period of time.

Cost-Plus-Fixed-Fee Contract

The cost-plus-fixed-fee contract offered many advantages
over the fixed-price contract. New production techniques and new
products could be introduced without extensive discussion, Con-
struction and development projects could be initiated with more
flexibility 1n design and program than previously.

Production scheduling became & matter of discussion
between feed-material contractors and the consumer representatives
at Hanford-Savannah River. Production control and accountability
procedures provided up-to-date inventory and capacity data so that
optimum levels of operation at each site could be established.

Costs incurred at a single site were distributed among
all programs at the site -~ production, research and construction.
Consequently, in any evaluation of operations at a single site, the
total level of activity and the distribution of expenditures had
considerable influence on the apvarent cost of a single specific
product or project. Therefore, sites with large amounts or variety
of production equipment or research projects were able to show a
lower loading of the indirect cost per project than sites, such es
Weldon Spring, which had less production capability. Considerable
effort was devoted to seeking solutions to these various problems
and eventuzally it generally was accepted that the assignment of a

new production or research activity would be based upon the incre-
mental cost of the competing sites.

With commencement of operation of the plant at Fernald
and revisions to the Atomic Energy Act of 1954, much of the
Government's production activity became classified as "Confidential
instead of "Secret." Subsequently, rather wide dissemination of
information about uranium production technology was permitted and
Mallinckrodt personnel participated in exchanges of iInformation
throughout the plutonium production circuit. Such interchanges
promoted better understanding of the influences of cost and quality
variations.
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Other sections of this report contain detailed descripzions
of the technical efforts and their influence on the total AEC pro-
duction.

Summary And Conclusions

N G o e» W we Bu un we Su wn ) W en Mp mf s aN AN

Total expenditures by Mallinckrodt during its 25 years ir
the atomic energy program are shown in Figure 1V. Comparable pro-
duction data is classified information and, hence, not shown. AZC
offices have edditional detaiied information which is eavallsble to
authorized persons.

Mallinckrodt operated more than ten years uncder each ol

two types of contracts -- fixed price and cost-plus-fixed-fee --
urnider varying conditions of competition, demand for products, and
changing raw meterials, processes and products. The Company belisves

it demcnstrated the ability to produce low-cost, high-guelity pro-
ducts for the Government under both types of contracts. The Compz¥®y ~
believes, however, that there is more incentive to improve orerz:tions
andé reduce costs under fixed-price contracts negotiated for sher:
terms. Thus, in Mellinckrodt's opinion, in the long run, fixed-
price contracts result in a greeter benefit to the Government,

Related Documents

are the principal sources for more detailed informestion or produczion
and cost as discussed in this section of the report: 3, 6, 1%, 13,
16, 19, 23, 24, 25, 36, 39, 58, 81, 164, 173, 190, 195, 199, =23, 2ii,
216, 217, 222, 223, 22k,

Additional references may be fourd in some of the sour:ass
indicated above.

X
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URANIUM PROCESSING EXPENDITURES
($1,000's)
Research Equipment
Calendar and and
Year Production Development Construction Total
1943 2,721 2,721
1944 3,147 - 3,147
1945 2,329 - 2,329
1946 2,619 2 2,621 .
1947 5,327 . 260 5,587
1948 5,951 45 356 0,352
1949 5,909 186 81 6,676
1950 5,984 187 28 6,599
1951 8,059 154 588 8,801
1952 8,843 268 511 9,622
1953 75943 615 415 5,973
1954 8,&8; ggu o2 l9,981
1 5 0 1,57 1,92 .
955 9,47 ,577 :/9%;“.‘ \on
Piscal —_—
Year
last

1956 half) 6,193 446 309 6,948
1957 12,212 1,214 1,237 14,663
1958 12,272 1,440 2,805 16,517
1959 9,881 1,542 2,363 13,796
1960 10,686 1,304 1,920 13,910
1061 11,086 1,151 1,920 14,161
1962 9,869 1,172 1,601 12,642
1963 8,075 1,134 1,420 10,629
1964 7,792 1,145 1,116 10,053
1865 7,156 1,003 717 8,876
1966 75303 07 347 0,517
1967 2,568 86 (291) 2,363

Figure IV TOTAL EXPENDITURES by Mallinckrodt during the Company's
During the

25 years of uranium processing work for the Government.
period 1943-1956 under the fixed-price type contract, accounting

was on a calendar-year basis. During the period 1956-1967, under

the cost-plus-fixed-fee type contract, accounting was on a fiscal-
year besis,
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CONCLUSIONS

"War, peace, freedom --
each of these we see
now in new perspective."

--- Arthur Holly Compton¥*

In April, 1966, the Atomic Energy Commission announced
Plans to consolidate the uranium feed-materials production operations,
at Weldon Spring, and Fernald, Ohlo, into one operation at Fernald.
The Weldon Spring plant, operated by Mallinckrodt Chemical Works,
would be shut down.

Both installations had been operating at reduced levels
as a result of production cutbacks announced in January, 1964. Sub-
sequent AEC studies showed that operations could be handled more
economically by econsolidation.

Production at Weldon Spring ended in December, 1966, and
in June, 1967, the final standby status was terminated.

A Quarter Century Of Cooperative Achlevement

With the closing of the Weldon Spring plant, Mallinckrodt
completed 25 years of continuous service in operating uranium pro-
duction facilities for the United States Government. During its
quarter century of uranium work, Mallinckrodt set records for
exceptional achievements in research, process development, and pro-
duction. 1In carrying out its contracts, Mallinckrodt played key
roles, together with other companies working cooperatively with each
other and with the Government, in advancing the atomic age, and in
protecting the national security. This Jjoint effort resulted in
maJor contributions to the science and technology of chemistry and
chemical engineering, and to a number of other fields including
especially technical and engineering administration and management.

* Arthur Holly Compton, Atomic Quest (New York: Oxford University
Press, 1956), p. 289.
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The Future

The achievements that were accomplished 2t the Governmsrni's
St. Louis~area uranium processing plants were, without doubt, numerous
and great; however, they were just a beginning.

Initially, this nation's atomic energy effort was conducted
to meet military and national defense objectives. Later, however,
non-military, peaceful objectives for the use of atomic energy were
established, and already much has been accomplished to meet these
goals. The accomplishments have besn achieved through the inteilizanz,
coordinated application of this nation's physical resources and
skilled scientific, technical, and managerial taient both in prive:s
industry and in the Government. Mallinckrodt, through its uranium
process~development and production work, has participated imporzeanii
in this effort in the advancement of the atomic age.

vt
Nyl

v

In his book, Atomic Guest. Dr. Arthur Eolly Comptorn szid,
"The high cost of war, now thet atomic wezpors are in our harnés, is
forced on our attention with unprecedented sharpness. Or. the otfer
hand, there lies before us unparalleled opportunity for pezcelul
growth."* -

tomic energy has practically unlimited potentiel for
advancing mankind.

e |

Presently, fossil fuels -- coal, petroleum, znd neturasl ‘
gas -- are the chief sources for tre enormous amounts of energy used
daily by modern civilization. BEBecause concentrated sources ol tress
fossil fuels "are far from inexhzustible," it is not unlikely trzt
historians of tre fulture will refer to the briel period when fossil -
fuels were used as "the fossil-fuel incident." :

[T~

WL e )

i d

In a speech entitled, "The Atom's Promiss," Dr. Seabdorg
saii, "Energzy locked in the worli's uranium zrnd thorium ores -- which.
cen te used as fuel in nueclear rsz2<drs -- 18 mzfy thousand-foll thex
in the known reserves of fossil fuels . . ." Dr., Seaborg predicted )
that "by the year 2Q00Q, fifty per cent of all electrical power Will T |
come from nuclear sources.”

ol

These are only & few indications of the future rewards whizh
are possible -- and probable -~ as & resuit of past efforts in atomic-
energy research and development.

Thus, the full implicatiors end sigrnificanee of Mallinckroéz's
uranium-processing work with the Government are yet to be realizes.

* Ibig.
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