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THOKHM SPU-WORKS PUJT - PHOCBSS PKSIGB

This report presents the process design for the thorites seed wislrs

plant which will be located at the Feed Materials Production Center, FWrnald,

Ohio. It contains the process information required for the layout and detailed

mechanical design of the thorium plant.

FUMCTIOBt

ingots starting with mantle-grade thorium nitrate. Bo providon is marie in

the design of this plant to fabricate the thorium izgots into rods.

ly, MTDO is considering the nee of existing uranitss fabrication facilities at

the FMPC to acccsq»llah this.

Design Basis:
I-

fab floated thorium metal per year.

tian, five days per week. A stream factor of 90 per cent is used to account

for maintenance and operational shutdowns. The capacity is reduced to ' st

maintained an a one di ft per day basis. Whan operating at a rated capacity

The design

is predicated upon contimoos operation of the ex tract! cm area for a period of

The total operating tism will, be equivalent to flee

shifts per week.

*:

—
The primary function of the thorium plant is to prepare thorium natal

1

Tentative—

The thorium semi-works plant is designed for a capacity of 60 tans of

Capacity is based upon three shifts opera—

Page 1 of $7
Jansary JI, 19$t

*

one week in every three weeks} calcium distillation and vacuum mltiw *1H 

probably require 1O or 11 hours of continuous operation per shift for a total 

of laO hours per week.

of 20 tons per year, extraction, vacuum casting, and ealdum distillation oper

ations will necessitate continuous or sent □i.mtlrui one operation.

F CONHDLKIAL

20 tons of fabricated thorium metal per year when average operatic

umc Cemmwcnom Comeur* 
v. »•
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•SEC«T*
-

forThe design capacity and through-put, cal culatad a a thoriun natal

each step of the ope rati ana, la shown m follows!

nRsiot Basis

Fabrication

•ra

87.2TOTH.: 100.0

88.5100.0total.-

Oeslacing and Carting

113-1TOTAL: 100.0

Fead to Daalnclng and Canting

33^

UM100.0TOTH-:

Reduction

TOTAL: 100.0 77.3

L

Sub-Total -
Biacuita fron reduction -

Product
Internal Recycle
Loco

Product
Recycle to carting
Scrap (adored)
Lose

15.2
0.7

37 J»
76.0

Recycle from fabrication 
Recycle fron railing 
Internal recycle

Product 
Loaa

’8-5 .
O.&L ,

Pel

87.2 
0.7 
0.5 
0.1

76.0
1.3

Thorium. 
percent erf capacity

U.2
0.7

If .9

Thorium, 
tana per year

76.5
17.5
5.0
1.0

98.3

78.1
18.9
3.0

66.7
15.2
kJ.
0.9

88.5
21 J,

Page 2 if 57.
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Product
Turnings recycle
Oxide Scrap (stored) — «
Turnings Lena -  ,/
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"SBCSET"

CBSIGM B45TS - (Omt -t.elj

77.8100.0TOTaL:

fcrt.ract.ioa

78 J*100.0TOTAL:

aetal cmidsa.

■o suitabl* method ha* be*. devised for processing these

crcppings, h*« not been determined.

It la believed thatestimated to bo about 12 tons a* thorium metal par year.

■a—

this rap art.

Catalvtic Co—rmirrifw comtamy 
rau*stL»<iia » **

As la shown above,

a* turning* or cropping*, but does not include processing of dust residue*.

Product 
Loe*

Thorium, 
percent of capacity

TTh o
testa per year

77.3
0.5

ThF;, Preparation

Product 
Loa*

r>.2
0.8

77.8
0.6

0.6

th* plant is designed to handle scrap metal, either

cevery residue*.

ur.i., Storage will be provided for these materials st the present tins.

Th* cost of processing thorium scrap materials, other than turnings or

The total amount «f the a* materials Is

coat data for uranium scrap processing would not be applicable to thorlm 

terials, since the r*txoe of scrap sate rials for the two plant* ar* so differ- 

« suitable process has not been devised for thorium materials. There

fore, even approximate costs for thorium scrap processing ar* emitted from

slag and liner materials, Aist collector residues, <w susg> r*~

SBCWT-
* •• e • 

> • • «« ■ -

•• so • • « « • • •*
* ■» * * a • ** F H

■ : . 
■



r
•sBCKrr"

BKSCRIFTIOB Of TMB PHOCKSS:

The principal processing steps for the protection of thorium metal

frm mantle-grade thorium nitrate are as foilowe:

purification of thorium nitrate by sol-vent extraction.1.

Preparation of thorium to tra fluoride by aqueous precipitation2.

with HF.

Filtering: and drying of the thorium fluoride—hydrate to anhy—3.
drous thorium tetrafluoride.

Thorium fluoride reduction to thorium-zinc alloy.1*.

5. Dezincing and casting of thorium.

am* i<a*y processing such as calcium distillation, sine6.

chloride drying, crucible fabrication, and turnings raewexy.

The ex-Tbese steps are described in the following sections of the report.

traction eras is considered as a separate entity in the design of the thorium

Katina ted costa for plant investment and operation of the extractionplant.

area are included in this report.

In addition to a deacx-iption of the prooese, the fallowing information

is transmitted in this report*

Process flow diagrams - Dwg. Bos. 35L2-H-O2-F, 35U2-H-O3-F,1.

and ya*2-H-OL-F.

Kstlmated utility xwqulreawnts for each secticn sad a suamaxy2.

of the total requirements.

KXTHfcCTIQg:

The feed material for the thorium plant will be mantle-grade thorium

Info runt ion available at the present time indicates thatnitrate crystals.

. . . -• e •

Page U of 57.
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this material in of sufficient purity to permit direct processing to the rima

metal without additional purification. It should be pointed oat, however, that

especially rare

earth metals and vmala cont sm1 nanta, rests with the thorium nitrate feed

material. Recent analyses of the available thorium nitrate by Hew Brunswick

Laboratory show higher concentration of 1 purities than that reported by Iomb

State College. Accordingly, parif leaticn of the thorium nitrate by solvent

extraction has been incorporated Ln the design of the eeml-worts thorium plant.

In additicMi, the possibility of using other feed Materials, such as aomitu

sand, thorium concentrates, and higher grade thorium csspoumds, would require

solrent extraction to obtain a thorium metal product of the required purity.

A coat estimate for the extraction section is included la this portico

of the report. A total investment cost for this section is estimated to be

about >286,000. The operating costa for this section are suimsarisod helowt

OFKMTIMG POSTS FOB EXTRACT I Ch

(Basiss 60 tons of thorium per 260 days; 9tX stream factor)

Jo—ars per ^*y

TOTAL: •297.93

•0.65Cost per pound of thorium mtrl 3

Ope rati os;

The extraction sect!cm has been designed to incorporate the greatest

possible flexibility in its ope re Li cm. Digestion of the thorium nitrate caa

be carried out Ln either aqueous or organic phase.

I-

Puge 5 of 57.
Jamary JI, 1952

Operating Labor
Amortisaticn (10% of Investment)
Utilities
Overhead (6jg of labor and utilities)
Chemical Coots (solvent uaxr—rp etc.)

90.00
111.00
12.52
61*.7O
19,71

. •
: 1se

the primary control for purity of the thorium metax product.

177 • secret-
*'* • * • ~ » »• ♦
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The

aqueous phase.

Hot or cold

- The thortw nitrate la delivered Into one
*

This coluaB feed la flow controlled.

The ecrub

Car a*, me Coerr—eri— co—»

Page 6 of ST.
Hamy JI. 1S52

• * *♦ e
• * * *♦ • ♦ •*

^••d for either aetbod of Ugostlan, ait* alight dlfforeocee la flow rates aa 

*• •*»<» Mi drawings; do. St~j5fc2-«-5O-D-c and Bo. St-*0-0-1.

acidity oaa be aalatalnsd at any ralao between about 1 and 6 normal la tne

•• ••
**

Acid can bo Injected late the extraction oolnan food, below 

the food pednt, Into the digester or Into the tep of the cnl.wwi. 

»trlp water can be fed to the compound atrip r-?un-_ 

OBGAMZC PMASK DIOMTIQB

of two digesters, DL2-J aad DL2-4, continuously, frees feed hopper (M2-1).

The accord digester nay bo used either as a opera or bold teak. Fro ah organic 

froa the organic food tank, J%2-9, will be pu^>od with 012-21 late the agitated 

digester. The feed will be react by the level la the dlgector. The digestion 

proAiCt, Milch will ecaalat of a mixture of aqueous aad organic phneea, will 

overflow frees a pedal near the top of the digester to Ok2«4 aad thence to the 

primary extraction eel own.

■L,-. ...
f"" ' l«""—'  .......... Will I....■ ——III HIM..........1.1 .............. I............. I

r:

AqUhOCS PHASI BIQhaTiqg . Thia dlgootion la oarrled oat la eaeeatlally 

the — weer aa In the organic phase sola tian prooooe. Minto nitric acid 

la intrwaieed into the digester, by means of a level controller aad the ore 

aad aqueous solutl— are agitated ecattlamoualy. The overflow from the digester 

la p—pod thru a flew controller to the center of the extras tloss-ocrub 

DU2-7, by moan a of colane feed poop, 0^2-8. Provlaian la node to deliver de- 

laulaod water to the dlgeatora la the event the acidity needs adjust—nt.

KU MCTIOM: ■» la the ext rec tl<*-sc rub pip as coluaa, the food to the 

coltaan la a mixture of the organic aad aqueous phases. The ergaaic p—w rlsoc 

couter—urreat to the deeceodlag oerwb liquid, dilate The Mid flowo

fraa the dilate dC^ head tank, FK2-^>, aad prwialon la node to inject deicaioed 

water late the line la the event the aeidlty requires adjuatannt.
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•mmckst*

liquid and Um aqueous part at Um feed flow dlm—is rif xa the extraction section

Additional acid la injected at or belowc junto r—current to the organic phase.

The aqueous raffinate flowsUm feed plat* to maintain Um de aired acidity.

FM-U. Th* raffinate effluent la eon—

trial lad by an interphae* level controller el to* ted at th* top of th* culiunn.

Th* organic solvent la del 1 vored at a point near Um bottra of the eolam fm

by mean* of organic feed pump Qk2-21.

In tank Ft»2-ll, la analysed periodically and in th* event
a

it 1* high in thorium, it can be recycled to the column DL2-7 With refflmat*

pwag 3h2-18, ar boiled down before recycling. ■oreally, raffinate will bo

ptamped to the mmq» liquor collection tank Ft».2-lh, or to suaq> tank FU2-200.

eawcades to the center of

Um canpound atrip col-ma, DL2-8. A density recorder controller in thia lima

resets Um extraction ooluan food rate to maintain a glean level of eatmratioe.

In Um eospound atrip oolumt, th* organic from th* extrectioo-scrub

The waterColman rises counter-current to the aqueous re-extra c ting medium.

rate la flow control Led. The organic extract gees overhead and oascadea either

QU2-6, or to diluent fractloantor DI 3-18. *Bm aqueous

Mere, Um uranium la eel actively stripped from th* aqueous phase intoflux.

The aqueous product from the bottcm of the cosgound atrip the organic phase.

col uses, flows by gravity to th* bedldonm tank, FU2-12, or to the product hold

JA level recorder control lor will control product

•SBCWT’

Cat a*, me Consrasmo* Cow*aw» 
e«Maaanaew«* * *a

tanks, Fk2-5 and A2-13.

withdrawal and an in tala Um interphase level at th* bottom Of this column.

Provision is made to inject diluent Into the bottom of both pulao Col

by gravity to a raffinate storage tank.

organic feed tank, Fl»2-9,

to the sdner-settler.

The organic phase, from the scrub sect!am.

fcff inate.

earn*, since the aqueous affiant from these crilinane any contain dissolved ar

phase, below Um feed plate, flows counter-current to the rising organic re

pugn 7 of 57.
January JI, 1952



•SECRET*

Diluent fron FU2-8 will be sprayed la to the bdtom of eaohentrained advent.

If Ud« dll went stripcolumn to strip the solvent from the aqueous streams.

a diluent fractionation will be required.

The diluent strip e<d>1 med with tbs trpudc food.will be fed to the column.

The fractionation will eepar-wlll adjust the organic extractant to JOB TET.

la this event, the keroseneate the diluent from TBF and the cycle repeated.

These poops , 0fc2-15Bach eoluan will be furnished with a pulse r1—F«

Thesieve plates wil* cause sufficient ml dag to cany cart the extractions.

sieve plates are spaced two laches apart.

The aqueous phase solation process 1s identical to the argentr phase

solution process la the extraction system, except for minor details:

Tbs caliuu of aqueous phase la the extraction section will be

All the organic sx-greater for the aqueous digestion case.

tractant wtU bo fed to the button of the extract ion-scrub

The add injected to the feed plate la the organic phase soln**2.

Add will bo Injected Into thetian process is not necessary.

bottom section of cul nan Di*2-7.

In the erect the raffinate tank, FU2-11, contains off wpwcifi- 

oation raffinate, the recycle will go to the itlgesters, rathoi1 

than the food plate of pulse eoluan DU2-7.

•—SB

♦

|

operation is found to bo necessary to reswre the TBT free the aque<»a strwane,

A solrent of greater than J0< TBP

II♦ e

Peg* • 57.
January A, 1952

E. 1

and Gl»2-16, will pulse the liquid la the rial ansi at the rate of $0 to 1OO cycles 

per minute with aa amplitude of 1/2 to 1 inch. The pulse action through the

•SECBT----------------
:J : :• : :

see o o

fractionator, BLJ-1B, and its auxiliary equipment from Job JJOlJ, dll be re- 

located in the Job Mo. 35U2 area.

e ilnen, DU2-7.
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F and UM Um

OMABIC TUUTMTT. - each aa WM1M, tMd te belld wp -

la e ddltlm, Um oolvwnt form* hydrolyele prMrU which.

The organic la,

A carbonate eolation tank, Fl 2-10, <111 food Um nlaor-oeltler by mcwc of 

Thl* carbonate eolation la Mite wp bat oh

From Um taxing «C M»r-wtU»r 0k2-6, th* arganlc-agee <■• alx-

The oar-taro overflow* Into a Mt lilac taak where Um two phaMo eeparate.

Theliar.

treated organic gooo to Um organic food taak Jfc2-h, aad Ute water to Um euap 

■JFOtMB.

Tbo eolveat oay be

The exact loeatlM of Um extraction area will detenUa* the finery at MFC.

ecim at c fnotability of Um method of colvent delivery.

UtMHX C*M*OWCV

beaate eolation geee to the aa^p oyetea and the organic to the waoh tamer Mt—

A 20 vol am* percent water wata la atlllsod la taxer oettier 0fe2-S.

H

The eta vent, which alii arrive la drama, will be pooled by no*** of 

oelvwnt pimp, Qh2-10, to Um ealvwnt etorago tank, Fh2-7. 

delivered to orgaal c food tank Fk2-f, er to the nixnr-Mttler, Dk2-6.

Provlalom la wade to take treated orgaalc directly frcn the nala re-

’ f - >«oa^T ooh VW • ■ • <e o-eo ♦ ♦ * • * *owe • a o -*■* • •

Um refore, treated after each cycle before re-aao.

Or go etc extract free Um ccoqpauad atrip craliiam, 012-4, eamcedoo to 

taxer-eettlor, Obl-6, where It la agitated la a tank with a dilate Ba^CDj oole- 

Uoa. Um eartcnato eolation volaan will bo about 201 of the irenal ■ valaon.

Frwlalaa la node to uao hot water aa Um ro-extraetlag modi an, 

thio operation, water hector &2-1O will heat the mter to 150° 

boated extract from Um polM colwoa will bo cooled la the orgeatc cooler ft}.H,

the eart>onate eolation p«ng, Ohl-l), 

wIm by ehergteg, periodically, the proper ancaato of treated water aad eolld 

■tjOOj to tank Fk2-lO.

» -^
s w 

' 
- s

. -St : 
s
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Provides is ends to

ties area over • period of Mt* day*. Th* solvent extraction area will deliver

will collect al Um t^. This organic will be skinned off and stored In dnma.

The aqueous phase will then flow to Um precipitator DU2-2OO. Frorlsiau is
■ads to allow the suq> liqior* to flow directly to suqp tank Fl*2-2O0. Free

of the Extraction Area, Thorton heal Warts Float. The asowqptlcns ar* listed

and a Jestlfioaticn for th* selection of process variable* is described.

here, all Um liquid la the swaq> qrsten is pnqpod, with 01*2-200, to the **sq> 

liquor collection tank Fb2»lii for orgealc rwawsl.

deliver diluent to Uss solvent storage tank, Fl*2-7, organic feed tank Fh2-T, 

aad the pules c nlunns, Dt*2-7 and 0*2-8.

ton of the tank into a pall.

The hold tanks are sisod to hold the total production of the extrae-

»esti|pi Baals:

Freet sd below, is a discussion of the factors eqjlqyed in tbs design

All suqp liquors froa the extraction area will bo popped with Gh2-23 

to the s*sg liquor eel lection tank, H*2-lk, whore any entrained organic pre eent

The di Is ent, Utich *111 bo delivered la draws, will be pwqped with 

diluent puap, 04*2-11, to diluent storage tank M*2-8.

I the purified Th(WO^)^ la solution to the precipitation area through puqps 

01*2-19 and 01*2-20.

Page 1*0 of 57.
*P*g&A*l

BQXLOOW AMD gTOdAOKs- The ThfWO^)^ product eolation flown to the boil- 

down tank, H*2-12, or to the tboriun nitrate hold tanks, Ft*2-5 aad 11*2-13. Tbs 

bid 1 dnew tank is presided with steen ceils to concentrate saaples to be taken 

The concentrated oaqple will bo collected fren th* bot- 

L • *• - ** * • •OS * *• **'• ••
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kssos^Zians:

1.

Feed2.

■are earths In •xtr*ct - negligible

:

C*rumc coMsmucnoN Cason

(•) One extraction—scrub eolm»

Total throughput - 600 gal./(hr.) (sq.ft.)

(sane acidity in scrub and atrip)

Mantle-grade thorixm nitrate tetrahydrate

After either organic or aqueous phase digeeticni

25 feet of pulse height

9 stages scrub - 9 stages extraction 

Thariun in raffinate - 0.35 «/l

• Thariun in extract - 60 g/L

99.9% recorery of thariun

30% TBP, 70% diluent (acidified) 

Throughput

78 .U toaa/year

3 shifts per day, 5 days/week - 90% stream factor

25 foot pulse height

9 stages strip - 9 stages reflux
(Continued)

•SBCRBT"

Acidity 0-0.5 M HMO^

Orgnnrt r feed — 60 g/L Th, O.2M HMOj 

99.5% recovery of thariun

30% TBP, 70% diluent (unacidified reflux) 

page 11 of 57. 
January 31, 1952

Acidity IX HMO3 

Saturated feed eolation

(to) One compound strip calnssi

Total throughput - 600 gal./(hr.) (sq.ft.)

in strip, 0.5 « HXC^ la reflux



Uranium in organic

atitm.

-

In the compmind atrip enlnun, water la used as the atrip medim 

water works aa wall with thorium aa It doaa for uranium in the

M L V

The factor of safety wear* for the colxuaoa will.

P«rmit a substantial increase la throughput, Acmld that be desirable at a 

later data.

Uranium in aqueous product - .5 x IO-6* 

Uranine la organic reflux -lx 10” 7 M

- 0.25 g/L

The column alsaa ware detemined, baaed oa 600 gal./fhr.) (sq.ft.) 

total liquid thrwghput. Thia figure la the same aa for uranium extraction

•SECRET"
*•* s * * * • • F H

with a 25M roAjctlon due to a el timer reaction time for thoriua. The number of 

etyiilibrium stages are approximate, baaed on a height of a transfer unit of 

about 1.5 foot of pulao height.

The organic mixture, 30% sol rent, 70% diluent, ma chosen aa a result 

of correlating equilibrium testa run at KBL and BMI. In C. C. Cc^eny nemoran- 

Am on "Purification of Thorium by Solvent Extraction", dated December 12, 1951, 

the choice of a dilute HMO^ la down, predicated principly on the fact that a 

higher thorium concentration in the food, and also a higher thorium concentra

tion In the extract, c<nld be attained at lower acidities. The method of do

te mining organic/aquecxia ratios la also presented in the above nenoranAxm.

In the asms report, the separation of rare earth irqmrities la dlacuassd 

aad calculated. The conclusion is that with 9 stages of scrub, the rare earth 

contamination will be negligible, oven with a (rare earth)/thorlum ratio of 

0.1, in the TWT food.

Page 12 of 57. 
.January 31, 1952

stripping opor-

The reflux section la 0.5 M HEOj. The acidity, aa auoh, la not aa 

isq>ortant aa a high thorium concentration in order to obtain the desired uremlue



■5BOUCT-

Th* organic aqueous ration wr» chosen torseparation.

Malnrtsln a high thoriun concentration la th* reflux section.

(This increases the araoiun separation.)

2. Kffect a complete recovery of the thoriun in th* colujm.

The digesters are xised to perntit adequate contact tine for ths ■!«-

tore of solids and liquid to approach oquHlbriun.

Reaction tins and settling tine, in each nlssr settler unit, ware de-

temined and the ▼easels adsed accordingly with a safety factor.

Since the extraction part of the thoriun plant will probably- ran in ter

storage capacity is provided* The capacity provided can store five (5) days

production of solution fron the extraction area.

Catjumc Cqtsuctiq. Conesmt 
'MILAStLPMI A V. Ft

. Png. 13 of 57. 
January >1, 195?

nlttently on a continuous basis and the precipitation area nay not be able to 

process the product fron the extraction area as it Is produced, a large product

... 
e e * • *e e •• e » * a ae

Delieer as high a thoriun concentration in the Th(Ru^)^ protect 

consistent with satisfactory uranlun sspare11 rn* (i*e* a uraalm

• e • * « ...• e • •e • e
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TH OKI UM TgMFUXmmi FBKFAMTIJi.B.

Th* disadvantages of this metho#

hie for thorium.

<we nitrate is omitted in the seed-works plant, no purification of the thorium

thorium tetraflnort.de.

The precipitate is filtered, waited.

and dried to the anhydrous notarial.

:

would be obtained except for bom minor imparities volatlsed during the casting 

A second drawback to thia process is that the investment costa for

However, no bomb reduction testa were mode with this material!

The inherent disadvantage of this method is that if advent extraction of th cr

ape rat ion. 

denitration equipment would bo exceedingly high for a plant of thia capacity.

The third process uadsr consideration is a wet-process for preparing 

The thorlm is precipitated from a solution of thorium

nttrata using aqueous hydrofluoric add.

Dsvelcpewnt work on this process has been

could easily load to contamination.

The second process consists of denitration of the thorium nitrate fol— 

This process is similar

Throe different processes for preparing thorium tetrafluort.de frcm

The first pro-

I
I

lowed by hydroflu orina tian to thorium tetrafluoride.

to the one presently employed for the production of uranium tetrafluoride ex

cept that intermediate reduction of the amide io not required. Baperlments 

condicted at the Mew Brunswick Laboratory indicate that this process is feasi-

CSTM.VTK Co—TBUCTine COMMfV 
T. Rd

-ssatKTo
• * * * ee
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thorium nitrate war* considered for this section of the plant, 

rrwntly used st lows State College, involves precipitation of thorium 

The precipitate ie filtered,oxalate from an acid solution of thorium nitrate. 

Anhydrous HF is used to leact with thort.uk

A satisfactory product for

dried, and ignited to thorium oxide.

oxide to prcxkioo anhydrous thorium tetrafluoride.

reduction to metal ie obtained by this method.

are thati (1) oxalic add coots are high, (2) large amounts of anhydrous HF

are required, and (3) the operations require too much handling of prockict and

cess, cu

tetraflnort.de
tetrafluort.de
thort.uk


-

atian.

and that an easily filterable product la obtained.

Ctaly one bast reduction of wot-proceeeedunder an anhydrous HF atmosphere.

The maulthorium tetraTlucrids has bean nade to date at Iowa State College.

indicate that the material la easily reduced and that the bulk unity of the

be charged to the bosh.

the fluoride produet.

asteria! prepared by oxalate precipitation.

After due consideration of the throe proeeaaos for preparing thorium

la case solvent extraction la by-paused.

Precipitation:

1 lb. of than* metal per gallon, la piaeped to the eolation boating tank

(BU2-1O8).

(Gk2-lU) to one of two precipitation tanka (DU2-1OO and 1O1). The eolation

An outness of aboutla slowly agitated, and aqueous hydroflu one acid ie added.

eroded.

product was a factor only in determining the amount of sate rial which could 

Kxperlnecta are underway to determine the parity of

If required.

soln tian la boated by steen to a temperature of 190° to 200

Page 17 of 57.
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tetrafluoride, the aqueous hydrofluorlnation process was eelected for the aead-

It la believed that product purity will equal or better

5 per cent hydrofluoric add (1*8%HF) is required to obtain an easily filterable 

The hydrofluoric add in punped ((A 2-100) to the precipitation tank

Bulk thoriun nitrate will be annually tmqurl into this tank, 
o

woxfca plant. The dedgn of this sec tian la predicated upon dther obtaining 

a solution of thoriun nitrate from the extraction area or solid thoriun d Irate

The thorl* nitrate adutlan, containing thorium nitrate equivalent to

This tank will serve as a dissolving tank for solid thorium nitrate

F. and la pveped

carried out at Iowa state College, Sew Brunswick Laboratory, and Titre Corpor- 

The results have down that toe thorium la precipitated quantitatively 

The precipitate can be era-

verted to tbs anhydrous fora by boating first in air or nitrogen and finally

f: r : • :
:

Catmttk CoawrwcrvoM Commit 
FMIkABILFNiA 9.



(OM-lOO *r Ch2-lOl) for* a atorag* trade (FU2-1OO).

Th* filtrate

Th* w*h*d thorlna tetr* flue rid* cab* la collrated la ataUQaao »U«1

draw* (TkZ-lOli to 113) for "la proa»«* etorago. Th* rat oak* la raaiw ad fra*

th* dram* aad 1 ah da d rate ■aotellcgr •€• tray*.

bound nolctur* from the cab*.

The temperature la thia second

It la **p*et*d that th* two

cyel** will require fron 6 to 8 hoar*. Ona dryer ahaald b* raffled ent for •

*

water to th* precipl tatlcn tank* (812-100 or 0U2-1O1) for recovery.

Calm Handl lag t»d Dryiag

Tray Iradlag ^*ration* will 

b* carried oat ra a atalnlea* etral table (A2-1OO) gripped with a hood for 

daat collection.

Th* slurry la dlgeatod 

with agitation for 1O ndratee and la coaled to room tanperetxare to nlnladaa 

corrcdn la th* aucceodlag equiprant.

IF

«a mi ft per day cporatlcn rayl iglng overnight cooling oT th* dryer, bat a 

Wlal— of too dryer* ar* required for thrao-ohlfl operation*. Th* HF la 

▼apart **d (Bh2-lO2) at 90® F fran r naan ratal qrl 1 niter* of llqald aahydrra* HF

Th* coolad alurry la poa«p*d (0k2-102) 

t* a rotary vaewn flltar (aL2-lO2) to racoa*.- th* wot product.

aad waah water ar* eall*ct*d (FU2-1O1) and clarified by rangling (0U-1O3) 

thrnagh a clarlTlar (Ch2-K>3). Th* filtrate 1* aoatredl**d before disposal 

la th* proalpltatlan tank (DL2-20O) located la th* avn^ rncwrvry ayrtaa. 

Salida coll*et«d la th* alarlflar (Dh2-lO)) will be alalood with dalonlaad

« « »* •*I I• • •▼ ** • • •*♦

air mil ba circulated la th* dryer at a

F. ta ronoe* all aabonnd *adL»tur* aad part of th* 

A 8F ataar^»h*r* la uaed la th* aooond cyclo to

oblate drying to th* anhydro** proabaet. 

cyel* mH b* Incron rad gradually to 1022* Fs

HF •;*• *«*

Th* tray* ar* loaded Into — oT two dryer* (M2-1OO aad 10QL) t* ob

tain th* anhydrem* product. It la prop**** that th* drylag operation -r—r-t r* 

of two cyel**. I* th* first cyclo, 

trap* re tar* of 200* t* JOO®

Fag* 18 of 57.
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•SBCHKT*

The aolstur- -laden HF frum the aryers is

tor (Dt2-lOh).

furo discharge to the atmosphere.

and la metered to the furnaces.

niterod (Dh2-lOt) to rsacise Chaste and la passed to an abscrter (Dii2-lO6).

The KF geo la absorbed la water, and owerflowa to the recipltatiag tank 

(BL2-2OO) located la the eump reccrsery system for new trull satlom.

Mt* rogea la presided to purge the dryers and to pactewssh the tube fll-

Tbe k*®1 gases are passed through the absorber (0U2-1O6) be-

Frothset Handling aad grinding.

The dry thoriua tetreTluorlde prcxkaet can either be cooled inside or 

w* «*» the dryer defending upon the shift-ape rati one schedule. The cooled 

pro»*eF*. la fed to a sdcro-pulwe riser (Ok2-lOia) for grinding thru 100 aeah. 

The ground product la stored la drums (F12-lOla to 11J), lined with plastic 

film to reduce contamination, aad went to the boat rwduetitm area.

Fag* la of 57. 
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C,

reduced to thorliws elnr alloy. Th* operation la carried oat la a reduction

baab using calcium metal as th* reductant. Zinc chloride la al aad with tt>*

thorlun totrafluorldo to provide addltinmal beet for thia reaction aad to corn

bine with the thorium metal forming aa alley which la field at th* reduction

te^o re tare. Massive thorium elec alley bdocults, weighing about 60 pounds.

are produced la this step.

Freparetlqn of the Brah:

alld steel, aad therefore. It la aeeaaeary to protect the steel beat nrlrt

A dry packed refractory lining is used for this purpose.

The ro-

BUadLaatlsa of water frwa

the liner prevents hydrolysis of the therlaai totraflncrlde to the amid* aad

hydrofluoric add.

■muCTIOM TC THOCXM-ZIMC auot

In this Step of the process, the anhydrous thorlua totrafluorldo la

Pwpending upon Its 

availability, electrically fused dolcmltlc oxide (IP©) will bo weed.

f rectory liner eatorlal la blended with about J 1/3 per eent by weight cal elan 

(-40 to f 80 med) to react with any water present.

Page 20 of 57.
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mending la effected la a 12 cubic foot batch-typo bleeder

(0b2-500). A charge of U50 pounds of BPD and 15 pounds of eeleri— eetal are

CsTscmc Coueraeenou Courser 
PNILAMLPNIA 9,

The redaction bank (B12-509 to 52©) la a nild steel cylinder, 8 3/1* 

I.D. x J(8« with 1/2 • wall, closed at one end and flanged at the ether and. 

Tho bash la equipped with a blind flange cover plate aad hanger (Beg. Bo. a 
SM-J500-0-19D). la firing, the teeqierataro reached la above the Units of

The reduction atop non el eta of four operational - (1) preparation of 

th* bad, (2) charging tho bomb, (3) firing the bosh, aad (k) breakout of th* 

biscuit alloy. Thao* op*ratione are described la the following paragraphs.

blended for apprcadantely 15 alawtea aad are then transferred to a storage 

hopper (Ph2-5OO). The anna mixture of refractory aad oaldun will be weed fur

’.mtCTrr
s«* *,

x Fi• »* * ♦
• •«■» ■



lining *><’**» **»• bottaa aad sides.

Liner

Additional

Flml Jolting la dense at 130 st robes par hauls.

rdlc foot bleeder (062-520).

similar

f*ge JI of 5T.
Jan.srj lf52

material la then addeii through the adaptor.

Cavaamc Cssrwcnss Cameeos 
»«■»*.****.*••• e. *•

a f5 Arcade Joi ter (062-501) until th* bottom Heer la formed.

Vur ^terjel la iiAita4 aad Jolting ccntlanod ant 11 th* complete Haar la formed.

EkW»:

Th* r*ant> la Mred la a R'MdnneU a»ffl« type furnace (A9-G0n),

Approalmataly 65 pomnde of llalag are «■•“

The calelan for «mm la the bomr liner md charge.

r-ya-f la the charge, are prepared toy praeeaaaa deceritoed Later la this rapart.

are fitted to the tap af the b<»L.

to the bento >hro«*i the fnamei, and th* fanes! and adapter (062- *506) are re- 

nocod. Dee charge la taapod el th a annual Ly operated news—tic tarn (Al-6'O) 

Tha ru—♦—»r r of tha charge la addad thr«Mt* tha adaptor a*»d la ta^ id. Gra

phite plage (GL2-4O7 to 516), T dlaaotar toy !• tnlato, ars added to fill

tha void abora the alMrpe, and We toeob eorer aod han«er ara bolted la place.

and the sine shierids

paired for each toaeb.

Xa raeedj^ the Harr, about 6 to 5 petutde ««f Haar an to rial la added 

to the bsadb. A tiered W.ld steel Mandril (063-502 to 505), ehreslae plated, 

la r'-----H *• *<*• bosh., (Dag. Bo. BK-J5OD-U1 *-©). An adapter (3U2-5O6), Wieh

rente re th* mandril and holds the bead* 1* ploee. la secured to the bosh.

and the txssb la Jolted sl<wly on

Chargir^ th* '

A eharr* rw flw b«Mba la pm|»ared by blandlnr H? Ito. aT thorl* 

tetmriaorlde. 1J5.5 16a. of calcium, and JT.5 16a. of aiac abler ide La an «

The atoarg* la then blew dad for 15 adn»<toa,

vaighed eat la 109.5 1*>. lota, and psranged la 0 gallon drums (Ftol-vO? to ^U)

For nXUwi the toeab, an adaptor and ftoanel trtth a T dlocharge pipe

About half the aharge U added

■
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1* an induced air

In Bering the boat froa the firing station to air cooling.- 700® F.

This 0*40 probably be acccs^lished byheld to a sUlam.swaying should be

The bcsdb le then placed la a eater bath (K1*2-$O2) and cooled

The boab corer and hanger are

The aideresMsred and the graphite plugs are dug out with a paetaMtle chisel.

Hour la broken down with a pneuaatlc drill and the boSb is inserted <m a

The biscuit la cleaned with hasners and hand operated pneisMtie(aU-530).

tools (0h2 -5 H and 552).

to take the book, described above.
•-Fti3led at IZliO^ t 5® F by a recording teller*tore controller. The sharp rise

la tc those used for PMFC. uranltas ♦etraflnorlde redictloc, but, adapted

The t asp■ return of the furnace is to be ccn-<

la tes^porature, which occurs when the reduction takes place, will actuate a 

The boskb la reaowed free the furnace and is p

Pur« 22 of 57.
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careful headline, 

to appriwrinately 200® F.

<rf 600°

signal light or aaouadator.

cooling station (H*2-5O1). where It is cooled to a terpera

Breakout of the Biocult

Biscuit breakout will bo done naoually.

■M
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N
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D»

(BU2-501 Vo 50k),

Th*

pump*.

will provide for this.

Preparation of the beryllia

ingots have not been

which are

x 5- x 20" Ion*.

It ia necessary

|

Corpora blast.

It, le visualized that the furnaces 

Thia takes into consideration the

specified at the present tine, 

currently produced at Iowa State College, 

O.D. by 3b" long and rectangular ingots 2 1/2" 

the ingots are irregular due to low 

to aachlne the ingot to sound surfaces 

A aaaple of the ingot (about

used for thia operation.

not abailable at *Ma ties.

be the saaaa aa those 

cylindrical ingots 3-5/1^"

The surfaces

OEZINCIBO AMD CASTIWO

Dealnciiv of the thori«u»-Bine alloy and melting and casting of

Induction furnaces

Catalytic Cowstiiuctiow Coufast 
,mil>o<<.,mi« ». e*

thorium metal will be carried o-t in one operation, 

to be de signs'* by National Be as arch Corporation, will be 

The »*e*.stled design of these furnaces and their 

power art. 11 be supplied to the

page 23 of 57.
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and auxiliary equipsaent will re-

but it is believed that two furnaces

operation are

furnaces by a 10O KW or 200 KW motor-generator set at K»0 cycles, 

r.jsnares will be maintained und*’- vacuus by mechanical and oil diffusion

The power and vacuum systems will be specified by National Research

quire an area of 3b’ x IB* x 20* high, 

possibility of installing four furnaces, 

will be adequate. It may be desirous to enclose the motor-generator set 

or sets in a separate room, the space stipulated,

Neltiw will be done in beryllia or si re onia crucibles which are 

stabilised with small amounts of calcium oxide, 

crucible ia described elsewhere in thia report. 

Croppi.^, mchiming, and Sampling of toe Cast Ingots

Tim exact sizes and shapes of the cast thorium

It is believed that these sixes will probably

superheat at pouring, 

and to remove open pipe* before fabrication.

-------------------------------------------------------* « • ••• • • • <
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1/1* pound of metal) io taken for analysis in the course of the machining 

A

:*: :: :

Catalytic Comsthvction Company 
NMII.AOBLPMIA ». PA.

Pago 21* of 57.
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whet* <•
V

operation.

For cylindrical castings, machining and cropping (removal of open 

pipes) will be done with a lathe (Gl*2-51*2) and power hacksaw (01*2-533). 

Rectangular ingots will be surfaced by a milling machine (Gl*2-$1*3). Equip

ment for both these operations are incorporated in the design of this plaiA.



•stew*

B.

ruciblea rtqmrwd foe meltingexisting facilities at the FM**C. Hows-'er,

Beryllia crecibki are currentlyberyllia (»»O)
Information available

larger veal* testa are in pro<r»Mused successfully fnr msltine thor.-e.

clbles to corroborate these result*.

eg *1 net $.2.Ou per pound of HeO wo.Id result i«a*

baaed upon ths design

Another factor.oxide Materials.

health hazard Involved In the use of the ■aryblie compound*.

the a elect inn of particle si***.

but not

this operation.
♦abilised sirconia or beryllia, will

The refr-'trary is sc r>-erM»d (r&2 JOO) to oOCat nbe received In drum*.
Resultsa desired rang* of particle sixes and to remove foreign particle*.

J
:

I

Carat me ComsrsocTtoe Corneas* 
PNU AOSUrw* A 7 *■*

i

CHPCIB1S PMEPAaATIpB

Various graphite Molds which will • required for easting and

de a Inc Ing of thorium natal,

employed at Iowa State College for this pnrpes*.

airroma cruclbUi* can be

preparing airconi a crucible*,

effect ths selections or tyj^s of aqu» nent shown in the equipment List* for

Page 25 aT 57.
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or slrconia

$1.50 per pound of ZrOj 
JI 

• saving of about $1.75 per pound of thorium produced 

rate for the sand-works plant and erne - 1 f* experienced for ?>erylLluei

binder Material, firing sequence

can be each nod fma graphite block* aaxa*

Th* design of the crucible fabrication section Is baaed upon 

operation* employed at Iowa State College far preparing beryllia crucible*.

and eruelble m» nay be different for

It i* exptec  ted that Minor rhanret, such a»

to the extent that these changes went Id

thorlua in preparation for cast* ng meet b* snaeially fabricated frost either

from malting teats at Oak Fb b*e indicates that

at th* Sational Research Corporat lor. using both beryllia and slrconia er»-

The ground refractory, • tf«r

Ths use of slrconia crucibles at about

favorin'* sire->ma <w«r beryllia, 1* the



•SBCBBT*

at Iowa State Collage or. a * x rod .croon « .lyelo of E*C la shown belowt

BeO SCBEDI AM*.’STS

50 me ch

- 50, 4 TO 17.7

I’.l• 70, 4 IOC

- 100, f uo 10.5

6.6200

h.8

- 270, - 32$ 3.3

la 0.0

100.0

The BeO la blended with 1.5 parts by weight Uns Ln a tumbler

■Laar (OU2-J0t»), and drum storage (FU2-MJO) la provided for "in process

-auataurtal. JBSPh cmcible requires about IO pounds of the screened beryllia

and screened line nurture.

The crucibles are prepared by Jolt , aw the Mixture in aa annular

space, formed by a grephito no Id and mandrl1. After the nurture la Jolted

in place, tha mandril is removed and a graphite lid and ehlmney are placed

The mold la lowered into a firing assembly which consists ofon ths noId.

mounted on a eart. A sketch

tha graphite tube and apply! nr power supplied by a 50 KW frequency converter

of tikis assembly 1s shown in Dwg. Ho. SB- J5OO-G-OB-B.

The crucible is fired by lowering • circular Induction eoll over

Page 26 of 57.
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- Uo, |

- 200, - 2TO

• • ••bbgke.'’: : : i.' i....

Ctrumc Cousvuwcnow Cowun 
aatata.ai>.«<a •* »•

a vertical quarts tube and a graphite heater.

- •« • * • • <•"■• n «• • ♦ • • a • •S • • a « o ♦ •• # • * see• • a a a * # * • e W
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(BU 2-JOO). The power la Increased gradually over a period of one hour

to obtain a tes^erature of 1200° C (2200® F) in the crucible. Heating

la continued for two additional hours,after which tine the powpr la abut

off and the assembly la cooled in air.

The crucible la removed and inspected for flaws. 3a»ll cracks are

repaired with a slurry of BeO in water, and the crucible is planed in a

resistance furnace (BU2-3O3) to heal the cracks and burn off cli ruing graphite

particles. The crucible la oven—cooled and stored until needed.

Other forms besides crucibles rar he fabricated using the suae

equipment except for molds and mandrils. For small parts, the proportion of

3/8 of one part of CaO to 10D parts of ReO.CaO 18 different. The firing

schedule is aaamrhat faster than for crucible*. and these parts are -rarliy

satisfactory after one firlmt. A sseond faring is necessary only If graphite

particles cling to the surface.

■ecovery of thorium and neryl 11 a fra discarded crucibles is not

practiced st Iowa State College, and is not contemplated in these operations.

beryllium and it* coorxwnr''.

dusts mad vapors of beryllia. An air veto ity of 100 to 200 feet per minute

to the hood openings la required for these purposes.

Page 27 of 57. 
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.-•s®cnrr
L r

Ample vent 1 1st 1 cm must be provided to remove

It Is important to re~empha«ise the ext ream health haiarda in using

FMIIADCL’NIA
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gujctum nrsriLun ok v

Calrlias mUI Is used to redy-e th* thorium tetrafl uorlde and sine

two part* in ealel um. It Is th-r*for* ne <• <ary to refine the ealdum to *

high degree of purity bef re u.«* in U- reduction operation. It has act been

Witrogen, alual-

nun, iron, and manganese are

in the equipment lists for this operation.

For most effect!re use of the •qu;pasnti three retorts will be used

aa is shown in the Process Fl<x Diagram

The calcium prochict fro U stills tl on must be ground before use in the

reduction step. This is accomplished by first shredding the calcium ate tai in

It is further 

rjn -jvrr a magnetic separator

This operation will be carried out In stainless retorts (B1*2-5O6 to 

Bl*2—506) (Dug. Wo. SK—H—1) which are heated under vacuum in a gas— 

fired furnace (Bl»2-5o5).

Impurities present m the calcium appear in 'he final 

thorium product in the appr<mt.l_ote ratio of r ne part in the thorium for every

a hog grinder (01*2-5 5b) which produced - L amah else material.

reduced in sine in a WOey sr» 1 ) and is

Ps^e 26 of 57 
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ried cat under a vacuum of ab >jt 1O alrren. ~ The 1 spare calcium is vaporised 

frtm the bottom of a retort up through a layer of Kashigs rings and is condsni

chloride to tharion-s tnc allcr art is u io react with any water present in 

the refractory lining.

on a liner and condenser in the upper section of the retort.

removed from the calcium metal by this precess.’

A detai led deec rip ticm of the stainless steel retort and tccesiarlss is found

poos ibis to obtain calcium metal which ?a»ets purity spec If 1 cations for this use

therefore, it is necessary to provide equipment in the thorium plant te re

distill or remib i ime oalcium metal under vacuum to meet these specifications.

It will be possible to 

distill bOO pounds of calcium per day <xs a three-shift operation.

The operation c insists of a batch di st ilia tian car-

•3Bc«rr"
H j *: : 

♦ e • e
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Cataittic Cowitwvctio* Co«n»>
I L f * » *«

•SBCFurr’

(GU2-S58) between each grindinr step to re»o»» Iran particles. Th* rraad

♦ 80 eaah la mixed with the Ilnar, and the - BO ma ah la discarded since It 

contains mostly oxi de a and hydroxide* of cel cl urn.

I

Page 29 cC 57 
January Jl.lfSt

The > SO amah la blended with th* thorium tot re Fluor! de ; the - SO to 

osldai Is screened t© three al sea i e So ne*n, - SO to f 80 wash, and - 80



ceaa at Iowa Stat* Collage a* a b<»*Ur la tn*

Thewill ba na*d la thia riant.Ido.

alaa.

water and be ground te to te 1OO meah.

Zine ehlortd* drying will be arceap !i*h*d la a betid operation ualag

The eaeuwmr.

During the grinding sperm tl on, nitrogen

The ground product la packaged in air-tightla weed to keep the ante rial dry.

containers (Ff*2-5*O to 599).

material, no reoelrod, contain* 2 t< 3 par cent water and la atxnt 1O aaah La 

Prior to Ito nae la reduction, it oust cantata lee* than 0.1 par eent 

tian of thia equipment la shown la th* eqnipmoa* Hate.

After drylw •«**! cooling under wucwum, the an tert al la ground to to

The cperatlam will be carried

to 100 neoh la a Wiley mill (01.2 557).

o* zxsc «umn» rwqjuuTiai
Nall lack rod t re a gent-grade sine ehlerdde la weed la th* pre a eat pre- 

induction of thorium tetrefluor-

Either thia ma tort al or It* oquira*n*

UtMnK Conareecnoe Cewun 
em.aa*ea»*<« * ••

Page JO <rf 57 
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approximately JO panada of material per charge.

oat la an ewaruatod retort (Si.2-521) at a t esq ereture of MX)'

on the retort la kept at 1OO mercmta by maaaa of a awehani eml pump (Ok2-5to).

Heating la accompli shed la a gae—fired furnace (BU2-521). Th* ietuilod deecrip-

a

—



renews typos af scrap material

am prepaid.

the loll arise paragraphs.

It is estimated that $ to 15 pounds of thorims metal are obtained froepipe*.

This material Is recycled to th* rest.ng operatio* foreach lOD-lb. ingot.

melting without addltJanal processing.

It is estusslod that about 27.5 tons ofslags will be recycled for easting.

thorites metal par year (based as* t-ahlft nperwtlom) will coast free this oerame.

Before those tamings ©an be nelted-dnm for casting, they as*st be cleaned

Those operations will consist of a series of *>O-lb. betchas of turnings.

The turnings are first ch op pad la a Wiley mil (01*2*^67) la 1* to 2* for ease

A 5O-lb. lot of tumljg* is placed to a ata Inless steel basketla handling.

They are pa seed (J) through a sols ent degreasing unit (QU2-(21*2-570 to 572).

(2) dipped la an acid solution (JO gallons of

and (J) rinse la water (Fl*2-5o6)

The turnings are then ds«g>-d late a basket, type centrifuge (Gi*2-5<9) to reuse

Final drying takes place la a laboratory mffle furan* a (Bl*2>

The dry tamings are charged with the

thuri— star bl seal la for an 1 ting and casting.

T-: m;

Thorium metal tuntinge obtained free machining the cast ingots and

Page JI of 57 
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surplus water.

522) bold at a tm^»e nature of JOO* F.

Croppings :

Thio ante rial is obtained free* machining the oast Ingot to remove open

Cava* me CowsTweehow 
*wh*mis«>* » ••

M© gemr MCCTHPtT AMD PHvy-y... V •

In the product! ® of thorium we tai,

568), using trichi©sethylane.

111 mature of 6of nitric acid and water plus 5 grams of sodiun flnowilioate 

ami at al nod at a teayi emigre of LhO to lbO° F,

These material x ma ti«o disp silica of each are discussed in 

aw
M

t
R

M
tw

m
i

IM
M
gm

r
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•MUTBT*

r CSMlrg,

Droea from Haiti ru; Cruel bl—

lagte.

Slag md Uner

Th* sv*rwge tncsriwm era-

Since — am table aothod ha* been devised to

A residue rosni — In the r*ltlng crucible after c—ti^ of a tborlmm 

Thxa material will also be stored.

ee • •« « ♦
*a e 5*

* «

Frxw the retectlan operation, epprcei — tely i0» pounds of thia arter

ial are proteeed every $B pound t oe-l.ee «Inc teacult, 
w 

teat of thia material la 1.7*.

It will be atoctplled.

Date Collector Bestldues

T»o types of testa will te enowustered la the metals section of the 

thorlwa pilot plant.

High Orban J5crs£

Thio material la tetel im 4 fna tee graphite nolds used in the casting 

operation. It will be stored tor fuLur

In the metals a—tian, all three types are encountered. pro— Flow 

B^Mwawe 351*2-H-Ob-F, sh<ws daat point a and types encountered la th<

■•<■1 ■ section. These materials will te stockpiled.

Cammc Ccecraecnoa Co—mt 
» M

process thia material.

Face 3? of 57 
.-an.ary >1, IPS?

see e • e
• a e ♦• a •
o o • • •

•• •*-> e e e e e 
e a e e a e 
•• ene

Both types of teat are en> 

ecnatered la other arena of the plant, and an attempt shoald te nede te inte

grate the dost coll octi cat system for tee satire plant. In such Integration, 

three categories of date tesold te considered, and prowi>1 on mate to keep theM 

three types separate. The types or categories are: -(1) dost white doom not 

c<mteia thorium or thorium eowpauada, (?) test ahlch centalna thorlua and hal

ogens or a thort.ua halite, and (3) teat telte ccatains th os-ins or thariwn on— 

pointe hat not containing any halites.

Theas are (1) coBtamiaated test, nontaLaing thorium or 

thorlus engpounte and (?) rancon tarn noted testa.

• 900
e a ee• »• • o« e • e• e e » 
e oe* ee

thort.ua
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•SECHKT"

Bwrp Bee ovary Cake

Sxag> treatment and recovery bane been —b idled la the thorium tetm-

Trustaeii! la designed to paratit disposal of pro-fluoride precipitation area.

oean aaataa after reclamation of all value bearing materials.

Swap liquors from the thorium tetrafl-iortde precipitation area rau. the

extraction area flam to snap collection tank (FU2-200)» if these liquors are

free of organic solvent anterial, they are fed directly (0ii2-20O) to the mup

(Fti2-lb) to pandt removal of organic solvent prior to entering the snap pre

cipitation tank (DU2-2OO).

All clarified filtrate and the overflow of the HF absorber (OL2-1O6)

from the thorium tetrefluortde preparation are fed to the susp precipitation

tank (T&2-200).

Lime la added to the precipitator (DU2-200) to neutralise'all acid

vestas and precipitate thorium carried with the waste mat srials. The slurry

proceed is clarified (Dh2-2O1). Cake is held for storage and the filtrate

is puaped (0U2-2O2) to swap collection tank (Fk2-2O1) for disposal.

are aade to bypass the clarifier if no valuable material is contained in ths

* * * * 
e b ♦
• » ♦ *'O
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precipitation tank (Dk2-2O0). Liquors carrying organic solvent material are 

fed from tXe swqp collection tank (FU2-2OO) to a eettllr* and ridasdJMC tank

. •-WWF1 . 
e ? r ’ 11 ■

t
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IUo Buarbor Bewrlpt tor. Soaroo

DM-3 Di go • tor A*tt*t*4 ’<••»•) ?4M» Jal.

D<t-< Digootor Agltatad ’<•»»•, toe Jal.

O42-* Mlaor-Settlor S. «.

511-4 Miser-Settler S. S.

M2-T Mm Colraan ». »•

M2-S Pul»O CeluMMt «•© » 30’ S. S.htnetloa 
Col JKB

Brtrantioc 
Cel-jBB

A<lt_a*O'4 V*aaal 
•nd •***!*■• T*.

A<llAt*4 *'••*• 1 
mmI Settt tag Tt.

MI Fl lot 
Float

Sarno a* 
01S-11

Sm>o • • 
015-1?

CrrwrtK COMMwetroa Coavaov

••a «

W! Fl lot
Plant #O-.7

B.

f «
•»

 * 
*4

• it
.t*

 i♦ 
■*

j

*. ■

rn •••
: 1



Bin mot Plant 
#0-11

8. 8.

Pilot Plant

■n Pilot Plant 
#0-13

BUI Pilot Plant
#0-5

«. 3.

?W Pilot Plant
#0-10

B«1 Pilot Plant
#0-1

MI Pilot Plant

3. 8.

C. 8.

Source

an

Deacrlptlon Cajpac:-y Oallona
■aiffti Hopper

Product Bold Tank 1500

»n -1SO, Heed tk.

200

Diluent Storage 200

Organic Food Tank SOO

KA^COs Solution Tank

Haffinato Tank 200

Boildown Tank Ml Hoad Tank 8.8.

Product Hold Tank 1600

800

Soleent Storage
♦

SQVTIWT VIST 
tmscrrcm

Bump Liquor Collection
Tank

BSO bazco. 
Solution Tank

©Unto HBOj Hoad Tank

• j» a a• a • *•

Cavaamc Ca—raamua Caweaai 
» ea

:.* L.

- ——

F«2-5

PS2-S

PS2-8

P32-10

F62-11

M2-12

M2-1S

*32-14

—
*82-1

| Rl-»

P82-T
!
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Material
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Ocacriptloa

O«2-l Valv*. 9" Motary * Ora

*

'

Capacity 
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Doooriptk'.on Capacity ■aterlal
D42-1OO Precipitation Tank ^*O cal. Ta fl on-lined
D42-101 FreeIp1tation Tank ISO eel. Teflon-lined
M2-1M Botary Filter 8. B.
1X2-105 8. B.

Dtt-IM Tube Filter 252 ft.

Duet Collector C. 8.

Abaorbor 4* B A K Bawog.

Prooipi tator-Bwap 850 8. B.

C. B.

MX—IOS Dianol  wing Tank SOO gal. 8. 8.

Soap Clarifier • 
Twin B»ia 1 coi

Clarifier - Twin 
Strainer

042-106

DBS—IM

M2—200

042-201

Adana. poroao 
earboa

Botoclone

BQUIFMKWT LIST 
THOBIW TBTBAFLUOPIDB FBSFABAT10W

CaTatmc CaacraocTioii Coaoaov
PMILA8CLPNIA
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r t

ee
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MaterialCapacityDeeorlption

I no owlM2-1OO

Same aa 842-100MS-MU

C. B.M2-1O2

8. B.8’ * »’Table, tray loadingMS-100

B. 8.MoodMS-SOO

B. B.HoodMS—SOI

BQvmonrr list
THORIUM TSTBAFLUORirr FRin>AB*TIO«

If a S’

ABF Cyllader Boating 
Tank

Drier, Inelwdoa 
boating olwnente

se* a »»• a SB" 
268# Dried ThF4 
per Shift - Bea new 
♦80 Iba. water per 
ahift

a •• • I
o •• •

120 Oal. BAB Stow 
Sparger

* •* *
• dM» *• o •• a a >a •a-e

*»a a
• • aa• a a woe : •

Drier, lacladea 
beatlag oleeMote

i.?



1

Description fagawlty Material

Pt 2-100 HF Storage Tank 600 gal. laocasl

P42-1O1 Filtrate bolding tk. 6. S.16© gal.

F42-1O2 C. 8.66 gal.

F42-2O0 8. •-too gal.

P62-8O1 c. a.TOO gal.

Fluduet One* a. a.6 gal.

Micro Pulveriser062-104 a. a.

a

: —
• •

F42-1O4 
to 118

800 lbs.'Mr 
Thru 1OO neat

■auiFionrr Liar
THORIUM T*nUFLUORI3£ ^^cnUUTTOS

-

<
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<

PoserxptAon

0*2-500

0*2-501

Mandrill - par dwg. 32-3500-31B-D

G42-5O8

0*2-52?

0*2-528 • Fetters— er Mao to11co type

1/2 ton F’ — trls hoist0*2-529

0*2-590 5** Art 4 <• JoIter

0*2-595 Klee trie helot - ' t«—

0*2-5*2 Lath*- handle ingote f to ?• dlaneter * iiO* long.

0*2-543 Milling Machine - handle ingots 2“ to 5* square 40" long

0*2 5*4 Feuer Hacksae - to set

0*2—545

0*2-545 - nine as roes—waded by BMC

0*2-55* Filter — NBC 4" baffle filter or equal

0*2-554 Bl—er - for Calci— retort cooler

0*2-555 Crusher - sob - erusk Celsian to ?• to 4" else

042-558 Grinder - hog - gr*o4 Calei— to l/<*

Carat, me Caasrssmoii C—an 
OMIL » »4

BJVTWniT LI ST 
MTTAUB AJHO

Jolter - f6 Arcade .Oto ISO strokes per niwets with load 
station to bo «»il*r to Jolter stat lea of

042—50’ 
to 536

042-50* 
to 505

0*2-551 
to 532

■ •

Pneumatic hi—ir - hand operated with eh leal * drill eet

of 550 lbs. - 
#3005

Blender - 12 ft.* 
detaohablo body to 
33 #O4T

Oil diffusion pump - NNC or equal

Vacutm

Aaaj ter * Charging Auailiarios - adaptor for emrglag beast 
tteialled design pending charging procedure

Fat torso® ->r Mae Lei ion type miner, 
seree as a transfer hopper - —tor lai

Torque Wrench - tight— flange belts m bomb 

Blender - 5 ft.1

“■p—e——■Re— 
o • • • e « we • a♦ • • * • e •• o a>see o wee •• o •• • • o a • as soe a *w «« oe e emo e*

Boat Capa - Qrephito. T 1/8" diameter by 1 1/»• to 2 1/9* 
thick. Maohl—d fran 8* electrode carbon • took

• s a see*400 • *• • » . •W ♦ W 4 » •ea * *ae



*9

X*>T XptleO

mil - l*l«y - te «ru»c to lu© mete

Ote-BM •operator - Mncoetie -asm tramp irm

O»2 -M« - for Coleiwa »ra«Bi

04 2-M* Bloc trie bout 1/2 ton «*> meatmry mm mil

042 BBS

G42-BB0

M2-M1 filter - nc teffle riltor er equal

042-007 mi.mu to t* I1M

342-OBB • Dntrl* ar eqaal

Centrifuge - <*«n*nt ty>r,M far water •eparatloe *mm turnings

MMT» Chela nolet • 1/4 ton capacity

QU-MI Blower - • r far Moling eta tian

042-0*0 B—ppiBte >t • tend operated

042-0*1 mil ^wiley to criad to - «0 aoeb

OU2-5W Scraan « TlbratUbc* 50 aad BO nosh. Botes or aqual

w

MbiNIMiMMMMW

BQmVMBBT ur
MBTALU AMM

I

Carat me Caaavancnaa C—»»nr 
WNtaMtMtie » e*

of abopptag te 1*

i S !. : : : •• **o
•« # * *• ♦ a »• Oe* * * 1 9 ’• « 9* r 9^ > <
• • • • * i•a a * a oa

Tmwo hnp . lonaey Cat. Be. VBB-&-S-4 
• liters/ na^ IO alerooa



P42—5OO

842—404

Mt-SOS

84 2-5 TO 
to »*t

m-507 
to 510

MI-4O#

Item k»b«r

9

Oescrlptioc

•c

th~w - Storage * <*!• M.S.

Braa - Oalaian Storage, 8 **!«» C»S.

Iii i wmh list
Mr?ALf 4HU

Tank - «etor w«h, nild steel wlttnUr oonnoctiens for 
oMtiwaoas olmulation

A*id «sah Tank - M #SO4 EX 1* Ma. x «• high. eff floor 
with drain ooiuactio®, equipped with ata an 
heating eoil, 304 BLC 88 eoil - pane aka 
type, annually controlled, oapable of asls 
tainiag 150® Mid bath.

•a

Pit - leading - Pit no reoeiwo lined beab * hold benb in 
a fixed pealtion for withdrawal of Mandril 
4 charging. Pit to be designed to oateh 
and hold charging epi lie • hater ial, oom rote 
and wild a tool

... . ... ..

Storage bln - linrs, 12 ft. * eenieal er truncated botten 
at 45® • equipped with flexible hose die
charge h lystroo feeder, 88 #S4T

Dnasa • Storage,with insert Plastic bag,also - 2 gal.

Pans - S8 pans for drying oeen

Baskets - 304 TIC S3 e»sh becket. It® O.D. 8® ore roll length

a a a* *
a a • 
a * »♦ 
• • • 
« • # 
a a O » •

23 
2

S jS
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It— B—tlT

Air Cooler -

Brack»t» -

( M2—522 indicator

®—b eases - a* par dwg. S235OO-G-19-D

M2-500

M2—505

. : .• • ••
I o

CaTatrnc Coaaravcnoa Cancans 
mn.am.mia ». aa 

■Qtn*«Krr LIST
METALS AMA

M2—505 
to 508

M2-509 
to 520

J42-573 
to 5T5

• •*<• Oe

3 port stellar to that te #5005

Water Cooler - • port stellar to that te #3005

M2-500

' J42-533

M2-521 Vacu— Oren - 58 - gas fired to operate at 500*2 5 100 
■ lor— proa—re - handle 100# batch

Furnace - Laboratory suffle, electric, with t—p. 
2 heostat 300*2 - 0.2 ft.’

304 KLC S3 brackets to support ha ska to te baths 
with eye for handling with bo1st

Table - 86 top

ro— - to control 
grinding ro— h—idity - role tire h—idity 
equivalent to O.ljt —ter vapor - also of ro
ar vol—e of air to bo sot by deslgs 5 veedars 
ran—smlatiosi

Furnace - Reduction 4 controls, typo used for #3005
Rook—11 or equal. Tar lab Is pc—r con trol — terse 
heating sones to —intala approx, t—p. of 
1240  5*2 h 1 Da —u electronic tonp. recorder 5 
controller.

M2—501

M2-502

■etorts, (b)cylindrleal
typw 310 58 21 1/2" X.D. 50* high, 3/4* —11 —Hakw-ee 
with dished bottcn 5 flanged top. The upper 22* to be 
—ter Jacketed with wild steel. A 4s — oe—sotl— 
Just below flange. Flanged —a to be equipped with 
rubber gasket and blank to be bolted te pie—. Three 
external lugs to be — Ided to shell st J—stere of 
—Ided sections for support of retort te tee feres■■ 
See sketch - Internals -(conti—ed — next pep- )

Msubl teat ion Equip—nt Calci— - fur—
(a) Forticel gas fired furnace approx. S’ tea. X 4’ 
high internal dteensions, with 12 burners positioned 
for —xte— heat distribution. Must bo capable of 
supporting retort described te (b) below. Operattnn 
t—pci aturo 1740*2.

Description

Dsh—idifiar - for air conditioned
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Peecriptioa

a

o

■3VTWI u«T 
■TTALS A REa

:

systoa, hl«fc froenoney . 
b> BiUooal Ba search Co

(1) Tessa if *1

Itos haiir 
■U? - 506 Vo 
$00 centtweed. vi-^rsiiS: 

•f rotor*.

»•/ «.* aianaeer typo 310 B3 plate l/t" thick to ho

“S —zx^rx-zr-
(•) «B bastes*, eowta«elag a 3" layer of M teach1g 
»-«•, suspends- <m> pegs W .woo boed line af rotor*.

(<> »tainlees stool plats with IO" dis. chinny

Voov* indue*loo heated aae*inga fumoeo - *.n.|- 
•qolMst t eaotrols to ho m 

trail on. He Jar oqulpsuhWt ■ 
easting fumaaea spprss.

• .• • • •... • •• • * •• • SO• ••

bo» 
*■ oaottoc ftnaooa spprs-

* .f1** • W* hl«*- »*«* ooo4Maoro for
eollos*ln< ilsc, 
-°° ** ** ,Bot*r fsoorotor sots for
£■■■■••. BOOC sysla. BOO volt * aoslliary ooalpaoo*.

(1) ▼oowoB systoas ooasis*lag of 2 DC M oil tlffasios 
P«Mps Weko4 op hy too 1OO efte llaaoy pmos. 
ancillary voawos piping * eloaVrioal syotsa.
(Hollar to Job f*OO«)

also*rnote toop. roaorBsrs er o goal. 
aiphaVroo vaewos recorders, RC typo 510*

f . £' I s’: •i’ »7 : :Z
• • • • • •»« a so*• • • • • • 5 ♦ a a a a♦a •>** a •*« a a .ggp a,*. « <

(h) 21* dlaoatar typo 310 M plate

liner * plate.



C*tumc CanernwcTiua Coaewav

c£ 5?

O»»- rpt 1 on

tit —o TWrwmUr - aBTV SO® - 22O°F

IU-MT

DPI quarter awing vwlwt

MI-Ml

MI-MI indicator A eoe-
-
MX-MS recorder and

MX-MX

M2—*37 Malo - 100 Iba. in 1/10 lb. points.

UX-iM Bo*le - print weigh Toledo co ale. 0.1 lb graduation

I

I

M2-MS 
to 550

aqumr list
•tali asm

•• .»• e* a a co

:.• •••

Brom» electronic temperature controller, 
indicator (air to furnaoo) or equal.

Alphatron - ▼aoutm recording inatrwnant SBC typo 5108 

Brown electronic temperature recorder, 
trailer (on condonoer) or equal.

.iTarlac - for d iffuelon pump - also a as per render

*_ •• e ••• o e*e oa• •• • oo co e e
•• : :

• • wee oo eo• • • • SMB eo e o e one «e

■rowe electronic recording temperature ooatrollor.

M
H

M



Catalytic Comtwctw Comm 
». »a.

I

mac, ■gpingrr

Poooripticm

1 Dollioo — for sold handling

S Aovrl*

S broaM

1 ■orking - to mmbor blMulta

S

■QUinOEVT LIST
METALS AMU

Dollies — <o hold 6 biscuits T>to be mmr 1 ly *amwnrerable

:• FE1 : : •. •• : :.••• • • • •
• • ••* »• • •

• # • • • • • • • • • • • • • • • • ••• ••



It— >—her Description

MS-300

B42—803

»
D42-3OO

M2-3OO

M3-J06 to joe

♦ •w

■Qomanrr list 
cruciblb nsnuunoa

MS-301 to 303

Ml 1/d* ewer- 

layer pa—rW graphite * 

8. Orephite 114 * obinney - Dwg. Bo. 8K36OO-G-13-D.

Induction Furnaoo.
1. 60 KM Ind—ti— oasrverter
T. Coil - IB* 1.0. 8 24* high
T. raa* bo able to roaoh aax. t—p. of 3BOO°F.

Besistanoo Far— oei
x. !“•!<»* 41——ion■ 3d* x 3d* x 20* to hold 6 er—iblos 
*.• to able to reaoh box. t—p. of 3SOO°F

Duet Coll—tor
!• #d Beto Clone

■lx Storage Dr—
1. Stainless St—1 
T. 5 cal. oap—ity

Molding Ano—bly - 3 needed
1. Cap— ity of 1 oruoiblo
?- ’ 1O" °-D-« • T/«" o—rail
*•“«**,* bott— la flat Bi* A taperod to a BO* angle 
to Bella ef tube- 1 Lip at tog, 2 diagonally appeal to 
holos of 1/lB die. a— drilled T/l*" below top of 
—Id. r
i- Mandril - tapered eyld. - is • 1/8* fl.D. at point 
oorresponding to top of —Id * tapers 1/1S* per foot.

shaped *° flt "*14 • ohr—s plated wild st—1 
(hollowed) - total of 2 nandrils are needed.
4. Metal—r ring - for erataring n—dril - irhj e— 
Plated st—1 - total 2 needed.
JL- »B®ol - 1/16* ehr—e plated st—1 - total 2 needed.

Cr— iblo Firing Ass—bl^ « I a d 
1. Cap— itjr of 1 or—iblo 
T. Dolly, platfom IB* x 14* —do of 1/2* tronaite 
•apportod by r stars with —lid rubber tiros to
• height of B* h handle. 
3. rta Cr—iblo
Quarts tnbo Id B/d* O.D.. Id* I.D. - SB* lose 
(Qnarts or—Iblo la —— ted par—atly — —oh daily 
— 1 layer of K-2O fine brisk el th air —tiler 
rofr— tory oosmbt. 
d. flraphits heater 
Graphite twbo hawing a 1/d* wall, 11* O.D., ] 
all long^ fl 1 1/d* bott— - h—tor ejll bo planed 
inside quarts er—iblo — d* - -----—-- ----- iTZ.
<• layer of B-3O fire brisk ’ '

a
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Hand scoops (») B.g. 
Screen brushes ft) 
Mooden Tampers (4) 
-Joetalas (<) 
®OO ee pyrex bookers (4) 
■ortar 4k pestle 
<-20 fire brick 
1-30 fire brick
Bboarad graphite ( Thermax er Sorblack) 
Storage shelres for arms ibis storage 
Brooms

Xias. Equip.

Poweription

042-300

b

screen 1 l/t«
042-301

042-tot

042—203

042-304

J42 JOO to 302

<42-300 ■sale - 1OO lb. capacity
<42-301 Socle

’“•JOO t« J03

Sloetrie bo1st
Otto ton Moist

Double Cone Sixer - S.S. lining S gal.

Tables
Stainless Stool -

- Lab Balance b weights - SOO ps capacity 

hoods
£• stainless Steel - else — ▼• x 5*

« 1 1/2’
Molding Jolter

Ona 3" ArnaSa Jolter or equal

▼ent Blower 
1OO0 eftte ST?

■love Shaker
£• Tyler Lab testing sieve shaker 
£• <*»• toot screens

40 meek 
SO neck 
TO weak

d)10O nock 
s)14O nosh 
f)ZOO nssk 

( 4)270 nosh 
(h)32S nssk

3. 0ns hand screen SO nosh S.S.

MW® r< «T7

SQninisarr list 
CROCXBLB nBPtBATlOB
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IUlDWiD VTILmiS MQDTMMDrrS THORIUM 5KMI-WORKS WAT r*®e

*»

Coolinc Wat r

detraction Area 72 an
2. Fluoride F.F.T. Area 800 on

Metals Area . 5,850 ora

Crucible Area 960 on

’,682 oraTotal

Treated Water

detraction Area 36 ora

Fluoride F.P.T. Area 13 GPS

Total 1*9 ora

Beioexiaed Water

detraction Area 36 OPS

Fluoride P.P.T. Area 73 OPS

Total 109 on e

detraction Area 81* lb/hr

Finer!de P.F.T. Area 63 lb/hr

o e • eoeeaoTotal 147 lb/hr

Air

Metals Area 10,000 cfhr

10,800 cfhrTotal

I

z
*

• •

*e****

e*J

•• e •

a****.
• eae*

"t
: : *s : i •

Caratmc 0—eeeciwa Cwoai 
e. ea.



I

ESTIMATED UTILITIES aSQUIREMWIS THORIUM SEMI-WORKS PLAIT FMPC

* 57

6. Fool Gm

60 cfhrfctili Are*

7. Electricity

US KWHExtraction Area

2. Fluoride P.P.T. Area 90 KWH

2UO KWHHotel* Area

105 KWHCrucible Area

580 KWHTotal

i

I

f.'.
♦ .

* I
•• I

> • • ♦ *

CATAirnC CMOTKttON COMPACT 
MIILABCL9MIA V. WU

I i f



jlfeWWWR'W* -

tSTIiUTiW miLITIB REQVDWMQfTS - ^THACTIOW AHEA

Treated Water

1$ OPHOrg - Carbonate MLxur Settler —

b. 15 OPHOrg - Water Mixer Settler —

J6 OPHTotal 30 OPH

2. Lteion’ z-d Water

b.OO OPH«• ’ i/»«*ter - I

h. Top of extraction-scrub coition 2.22 OPH

c. Top of compound strip coluan 23.8 OPH

36 OPHTotal 30.02 x 1.2

Steaa

20 Ib/hrWater heater 1.2x

b.
8b Ib/hr

72 OPH

Electricity * approximately $0 HP

50 x 71*6 37.3 x 1.2 U5 KWH

t

Catalytic CceeHMcnoe Comoamt 
eeiaaeeasMiA ». M.

Cooling HjO

a. Organic cooler 500 //hr

• ••
• e 
e^o

eeeeo I 
: I 

•*««« I

s 60 OPH X 1.2

c

Botldown Tank (cake on 25X of 23.8 GPH) ^0



1. Treated Water

10 Gfflwater to absorber

1 oraSluicing water for tu«p clarifierb.

13 oraU i LiTotal

Deionised Water

Dissolving Tank jo ora

jo oraFilter Wash Waterb.

Wlrrt t»< Tig water for filtrate clarifier i ora

61 x 1.2 73 oraTotal

Stean

25 //hrSolation beating tank

8 //hrAHF vaporiserb.

Drier Air preheatere.

Total 52 //hr x 1.2

u. Cooling Water

670 oraPrecipitation tanks

Total 670 x 1.2

5. Else* riclty

Appmrl ■ately 60 hp

5h KW-h60 x 0.71*6 x 1.2

Drier heater 30 KW-hb.

30 x 1.2

90 KWHTotal 90 KW-b

*These figures include a 2OJC contingency -

ESTIMATED UTILITIES RBQUIREMKWTS 
FLPOHfflB FHEPABATTOW

• •a •
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CHEMICAL AMD UTILTTT COSTS

EXTMcrios Asm

Onlt«/DayOnlt Coat. Vbdt

Sodiua Carbonate koU». •Olj •52
DUnent lb. 72 .077 $•$3
Sol wot lb. 8-3 .635 5.26
■Itric Add 2UOlb. .035 8JiO

TOTAL CHEMICAL COSTSt •19.71

UTIL! COSTS>

Coding Water 1OOO gal. 1.730 .03 •05
TrwUd Water 1000 gal. .865 .06 .07
DdeniMd WUr 2000 gal. •B65
Steaa 2000 lb. 2.02 .73 U»7
Hee tri city 1060 •CO. 10.80

TOTAL VTXUTT COSTS: •12.52
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