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KENNECOTT COPPER CORPORATION 
101 EAST 42.. STREET 

$7/$ ,2 : -$ 

NEW YORU 17, N. Y. 

AND 

KOPPERS COMPAN,Y, INC. 

KOppERS B”,‘o,,,,G 
PITTSBURGH 19. PA. 

Classification Officer, OR0 

October ,30, l!% 

?!r. S. R. Saptile, Mmagez 
Oak Ridge Operations Office 
II. S. Atomic Enerfg Comission 
P. 0. BOX R. 
Oak Ridge, Tennessee 

Attention; Hr. John It. Moore, Director 
Contract Dltisloa 

Subjects Addendum (A) to F~oposal for a Feed Materials Processing Plant, 
dated September 27, WS6 

Dear !&. Moore: 

In the proposal for a feed materials proce.esGg plaut for the production 
of uranium hexafluoride that uas submitted ~olntly by, Koppers Cm, Inc. and 
Kennecott Copper Corporation uuder dateof September 27, W%, we described a 
research and development program that we had initiated In support of the proposal. 
We also stated that we would keep the USARC advised of our progress iu this work. 
This is the first such interim report. 

Very prosdslng results are being obtained in the laboratory on Improved, 
low-cost methods for producing UF& and UF,5. Pllot-plant units for larger-scale 
testing of the processes have been constructed and are now undergoing Whake-dowrP 
runs. 

The results obtained to date further subst,axMat,e our Alternate Proposals 
No. 1 Saud No. 2 and itiicate the probability that designs can be still further 
simplified to reduce the “possible prices for tlPQ9 that were quoted in the proposal. 

We wuld like to take this opportunity to invite you and/or your repre- We wuld like to take this opportunity to invite you and/or your repre- 
sentatives to visit us in Pittsburgh so we can showyon the uork in proses8 and sentatives to visit us in Pittsburgh so we can showyon the uork in proses8 and 
review It In more detail. review It In more detail. 

JJ.,.~ JJ.,.~ ,, . ,, ~. . ,, . ,, ~. . .i,~kr. .‘.L . .i,~kr. .‘.L . 1 1 .~ :..:: :::zy~lJQ~y .~ :..:: :::zy~lJQ~y 
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INTSUM RgPCgT ON 
URANIUM FgE3 MATIRIAIS 

NESEAHCH AND DFZXUX%Em FWfX&Uf 
as of October 30, 1556 

1.0. gumnary 
.o 

This Is an Interim report on the results fro! the research and develop- 

merit program that is being condxted by the Company in connection with its 

Proposal for a Feed Materials Production Plant. The objective of these studies 

is to obtain data that will fluther substantlate~and Improve the Company’s 

Alternate Proposals No. 1 and No. 2. 

Very protislng results have been obtained in bench-scale studies of new 

‘loweost techniques for producing UFL and UFd. Pilot-plant units for larger- 

scale testing of the new processes have been constructed and are nowunder- 

going l shakedowne run& 

In stumng the production of UFb, it has been discovered that UO3, U30& 

UO2P2, and (N&)2 U2O7 can be mnverted to fairly high-grade UFb (suitable 

for UFd production) by calcining a mLxture containing these compounds, plus 

starch and ammonium fluoride. Up to 9l% UIQ has been produced from amonium 

diuranate in less than 10 minutes8 vdth only the stoichiometric anount of 

fluoride In the original mixture and with no addition of fluoride during - 

calcination. This process provides a means for completely utilizing the UP, 

which could be supplied from a low-cost source such as b&product 70% acid 

from the existing feed plants. The pilot plant equipment Is designed to study 

the reactlons with or wlthout the addition of UF during residence tSmes as 

low as 2 seconds. ‘k> 

In studying the productlon of UFd by reacting UFJ, powder and 02, It has 

been found that very rapid reaction rates can be obtained. In shakedown 

mns with the bench-scale equipment8 UP6 was produced during a reaction time 

..~,... .~. ..-...-.... T.,~ . . . . 
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C~ONFlDENTl~k 
. 



. ‘. of only 3 seconds. In these tests, much of the UFb was compl&ely oxid$sed 

to tlF6 and UO2F2. The pilokcale equipment is now ready for testing ,the 
. 

process under conditions that are applicable to the full-ecale plant. 

The results obtained to date further substantiate the orlginal designs * 
.m 

. ‘for Alternate Proposals Nos. 1 and 2 and show that these designs may be 

further simplified to reduce v $ossible averagq price for UF6” orIginaX@ 

quoted for each of the Alternates (see Table I, Part I, of the Proposal). 

In a longer-range pxqram, conversion of impure ore conoentrate to UFb 

and UF6 and subsequent purifloation of the UF6 by diskatlon are being 

investigated. Fromising preliminary results on the one-step method ti 

producing UFb from ore concentrates have been okkained in be laboratory. 



. 2.0 Introduction 

The Company is devoting a concerted effort on a high-priority researoh 

and developent program in order to substantiate and Improve its Probosal 

fir a Feed Materials Productlon Plant, which was sumitted to the U. Se AEG .- ‘0 
on September 27, 1926. As eniphasised in the Proposal (see Part III8 Volume 2 

of the Proposal), such a program is Justified by the large co& savings poten- 

tially available from new processes a the more advanced of which were selected 

for Alternati Proposala No. ‘1 and 2. The Company’s progran Includes bench- 

‘scale a@ pilot-scale studies of new and inproved technlwes f& produoing ’ 

IlFb and UP& This interim report contains the results of the program ta the 

present time. The work is continulng at an accelerated rate. ,~ 

. 
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. 3.0 IIF& Prcduction 

A new, economical method for producing UFb and recovering waste HF 

solutlons has been developed in the Ccvnpany% laboratories. In this 

process, UOj, UO2F2, U3Og, (Ngh)2U207, and impure ore concentrate are con- 
,a 

verted directly to UFb by simultaneous reaction with starch, savnonlum fluoride 

recovered as an aqueous solution, and hydrogen fluoride. 

. 

The nsw process takes advantage of two factors that were known previously: 

(1) starch reduces conpounds such as UO3, U3Og, UO2V2, and (%)2U2O7 at a 

temperature of h%‘C. or below, and (2) the’ double salts of NghF and UO2F2 

or UFb are stable up to h.50°C. or higher. By heating a dried mixturs of the 

uranium ampound, starch, and an anvnonium fluoride solution, the uranium Is 

reduced to the tetravalent state and converted to UFb as the fluoride is 

released from the double salts. A fairly high-grade Ulv~, has been made in this 

manner, without the addition of fluoride during calcination. Very high reaction 

rates have been experienced in the bench-scale tests. Equipment for pllot- 

scale testing of the process with and without added UF gas has been constructed 

and Is now ready for use. 

3.1 Bench-scale UFh Fmduction 

A relatively simple technique was develqed for bench-scale tast- 

lng the new process for UFb production and UF recovery. In these 

tests, the reactants were pre-mixed, dried) calcined, and then analyzed. 

All of the reactants were Incorporated in the feed mixture; no fluoride 

was added during the drying and calcination steps. 

3.1.1 kpsrimental Procedure 

The uraniun compound, in powder form, was mixed with dry 

corn starch, and then a solution of fluoride salts was added. 

Thls mixture reactkd while wet to form U02ti2, U02F2xgq,F, and 
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. 
IJFb (from U308). The mixture was then formed Into an extrudable 

psate or dmgh and psll.etizedz The pellets were dried in air at 

mot. Abmt l0 grams of dry 3h6 inch gellets were placed in a 

5 inch length of l/2 inch monel pipe, which was tightly plugged 
.e I 

at one end and loosely ‘plugged at the :other. The tube was placed 

in an open-end mffle furnace and heated. After the calcination 

step was completed; the tube was removed from the furnace and 

allowed to cool in air. The material was then removed from the 

tube, pulverized, sampled, and analysed. 

3.1.2 Results 

The operating conditions aud results of the experismnts are 

summarized InTable I and presented graphically in Figures I’and II. 

The following observations concerning the conversion of 

refined compounds to UFb were made (see Figure I): 

a. The best conversion to UFj, occurred with ammonium 

diuranate . klp to yl$e conversion was experienced with 

the stoichiometrlc amount of fluoride in the mixture. 

.This UFh exceeds the requifenents for the Alternate No. 2 

design (see the Material Balanoe Sheet, Part III, Volume 3, 

Section III, of the Proposal). Uxtuxes .contairulng l0 to 

2.5% amess fluoride are now being tested in an effort to 

obtain eveo greater conversion, Also, since the tests 

were perfomd by heating the mixture to &O°C. In less 

than l0 minutes, aud since there is some lndicatiou that 

more gradual heziting results in higher yields, lower 

heating rates are being tried. 

s The conversion was calculated by dividing the fluoride content 
of the product by thea 
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I. 

Rard, stable @lets were made with each of the uranium 

comptxulds. Nme of the mixtures fbsed cr became sticky 

during the calcikation step. Therefore the mixtures 

should be suitable for use in the moving-bed reactor and .F 
in other types of reactors. 

men nxlxtures contaihing UO3 were heated slowly, somewhat 

higher conversions (up to 82% UFj,) were obtained than vihen 

rapid (less than I.0 xdnutes) heating was employed. 

The product from a mixture containing IKQ that was heated 

for only two minutes in a 1000%. furnace contained 66% 

UFb and only O..%$ Ni+ (A pneumatic-conveyor reactor 

has been constructed for testing reaction periods as low 

as 2 seconds). 

Little benefit was obtained in the batch tests by lncor- 

porating wre than about sti excess fluoride in the mix- 

tUX%S. This probably was due to tbe larger excesses. 

being evolved at low temperature. 

U3Og gave about the sane fields as U03. 

Iow conversion (less than 50%) tc UFh was experienced 

when starch was omitted fron the nixture containing UO3L 

When less than the stoichiometric amount of fluoride was 

used in the mixtures fluoride utilization was high. 

Reduction of the U(VI) to U(IV) averaged over p# for 

the 8 se&es that were anabed for COzF-2. 

The follcwing observations were made mncerning the conversion 

of impure ore concentrates to impure UFJ, (see Fi&ure IX): 

a. The presence of starch Is required for high conversion. 

.~ .~~ . . . 
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CONFIDENTIAL . 
b. Since the maxinws fluoride content of the product exceeded 

2h.2$ (that for pure UFh), part of the impurities snot have 

been retained in the product as fluorides. Additlonal 

analytlcal data on the products are being obtain& The 

analysls of the untreated Durango ore that uas used is 

@ven in Table II. It is estimated that the ImInwLties 

in the product accounted for about 6% of the fluoride 

content of the product. 

c. Assumlng that 6 or 7% of the fluoride in the product was 

combined uith Impurities, the conversion of Durango ‘ore 

concentrate to UFL uas equal to or greater than that for 

the refined compoutis. 

d. ,The fluoride content of the product from a composite of 

sh ore concentratas, Durango, Anaconda (acid), Anaconda 

(carbonate), Monticello (acid), Rifle and Vitro, was 

appreciably less than that from Durango ore alone. This 

my have been due to a difference in impurity content. 

More complete analyses of these materials are being obtalned. 

Pilot-scale UFh Production 

Ths bench+cale tests of the new UFb productlon techniques coupled 

ulth previous experience mith the ORNI, pilot-plant moving-bed reductions 

hydrofluorination reactor under similar operating oonditions, provide 

sufficient data to anticipate successful utilization of the pocess in 

produotion-scale moving-bed reactors. The designs for Alternate 2ro- 

posals No. land 2 alreaM include the equimnt required for employing 

these new techniques. .Therefore, additional pilot-scale tests of Uy), 

.production In moving-bed reactors are not considered mandatory at this 

7 
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time. Instead, two pilot-scale reactors of new design have been fabri- 

cated for use in testing the new process at high reaction rates. One i8 

a pneumatic-conveyor reactor and the other is a falling-particle unit. 

In these reactors, I@’ gas will be employed to force the reaction more 
. .a 

nearly to congGhion. 

The pneumatic-conveyor reactor (see Figures III and IV) consists of 

a lh Inch tube 9 ft. ,bng, coiled around a cyclone separator 2-3h 

inches I.D. and 25 inches long. Th9 assembly Is Inserted In a tubs fur- 

nace. ,Dry, pulverized mixtures of the uranium compounds, starch, and 

ammonium fluorides will k pre&d with I@’ gas, which will convey the 

mat+zrial through the utit. The HF concentration will be kept high 

enough to favor conversion to lJF& at the contemplated msximum operating 

temperature (500 to &OoC). It is planned to test the unit at a product 
. 

rata of up to 10 lba./hr. The residence time will be about 3 seconds. 

The gaseous and solid products till be separated in the cyclone while at 

e temperature to prevent contaminating the product with the double 

salt, uF&NQF. The UFb will be tithdraun from the bottom of the unit 

and the off gases will be scrubbed to recover the HF, NH3 and entrained 

dust. The scrub liquor will be recycled tu the mixing step. 

The falling-particle reactor (see Sectlon l4.24) that has been 

constructed for lJF6 production studies has been made adaptable for 

stu@dng the UQ-production technique. In this unit, countar+urrent 

flows of the solids and HF gas can bs employed TV provide mere favorable 

conditions for complete converslon. A somewhat greater residence time 

can be obtalned in this unit, if needed. 

0 



TheCompa@s 8aJor feed materials research and development effort is 

comxntrated on the low-cost production of UF6 by reaction betueen IJFk and 

oxygen, 8CCording to the following re8CtiOn: !2tQ + @ + IIF6 ilJO$‘p The 

~ dssign for Alternata Proposal No. 2 utilizes moving’bed reactors for this 

step and for producing the required UF& from UO3 and recycled by-product 

UO2F2. MS design, which was based on experlmental data obtained at the 

Oak Ridge N8tional Iaboratary, i8 the most economical large-scale method for 

producing UF6 that Is known. However, more &perience with the oxidation 

step is required before trouble-free operation of a plant of this design 

can be assured. The company Is attempting to obtain this information 

q!~i~k.ly by high-prlorlty work on a bench-scale and in two pilot plants. 

Very encouraging results have lmen obtained in the bench-scale equipment, and 

the pilot plsnts are non undergoing shakedown tests. 

k.1 Bench-&ale U&5 Production 

Since the moving-bed tests at ORM, and laboratory ‘tests in England(l) 

Indicated that the tidation reaction is rapid at temperatures of 800 to 

POO°C., a bench-scale facility, containlng a pneumatic-conveyor reactor 

plus atiliaries, was constructed to study the reaction tinetics. The 

primary ob&ctive of the study is to determine the optimum conditions 

for testing the falling-particle reactor. Jn the equipment (see Figures 

V axkd VI), 02 metered from a cylinder picks up a metered stream of UFk 

‘and conveys it through 8 heated l/h inch diameter x SO ft. long Inconel 

tube, where the mixture Is heated to the desired temperature; the eolid 

and gaseous products are separated in two settling chambers~ the lJF6 is 

cold trapped; and the gases are then passed through two water scrubbers 

and to the stack. ‘3 
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Two e&oratory runs have been made in the inconel tube reactor. 

In these taste, Uy& containing 23.5% fluoride wae conveyed through the 

reactor by a loge excess of oxygen. The residence time for preheating 

and reacting the UlQ and 02 was approximately 3 seconds. The products 

were the? passed through two settling chambers and two uater scrubbers, 

connected in series# from which the off-gases were *ented to the stack. 

The UF6 was not cold-trapped in these preliminary tests. 

In the first test, unscreened Mallinckrodt UFh powder was used. 

Uechanical difficulties caused the UFh to be fed somewhat erratically. 

The average maximum react& temparature was 820~~. The solid product 

that settled in the first entrainment separator was mostly green, with 

some yellow-white particles, and contained 21.5% fluoride; that which 

settled in the second chamber was grey-white, with no green color 

evident, and contained 15.5% fluoride. 

In the second run, the minus 32$mesh fraction from Afallinckrodt 

UF& powder vzas fed. The powder was well dispersed into the 02, and was 

fed at a fairly uniform rate. The. average maximum reactor temperature 

was 850°c. The evolution of UF6 from the reactor began 3 seconds after 

the feeding was started. Since only 5% of the weight of the powder fed 

was collected as solid product in the tuo settling chambers, the scrub 

water is also being analyzed for uranium and fluoride content. With ’ 

complete conversion and recovery, the solid UO2F2 product would weigh 

&% as much as the UFh’feed. The first settling chamber contained 8% 

of the solid product that was collected. This uaterialwas light-green 

in color and contained 16Q!$ fluoride. That collected in the second 

chamber uas white and contained l&.l$ fluoride. The calculated oxida- 

tion of the UFj+, based on fluoride content of the solids and assuming 
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that one m0l6 qf tn?6 was evolved for each mole of Uo2F2 collected, was 

78% for the material from the first settling chamber and 92% for that 

from the secoud. 

These runs showed that the reaction between UFh and 02 Is rapid 

enough that considerable conversion should be obtained In the pllot- 

scale falliug-particle reactor. Additional ruus are required to com- 

plete the kinetic study and to obtain material-balance data, and these 

rum are bwlng made. Too additional runs have already been nade; and 
k 

‘the reaction produots are’ now being analyzed., Preparations are being 

made to continue these studies in the fall&g-particle reactor, In which 

a UQF~ liner dmld’minimise errors In the data due to ‘corrosion. 

h.2 Pilot-Scale UF6 ProductiOn 

Two pilot plants are being nade ready for obtaining the additIona 

data that are required in connection with Alternate popoeal No. 2. The 

moving-bed oxidation reactor at.ilRNL is now being teited (under contract 

with Union Carbide Nuclear Company); and a faIlins-particle reactprlhas 

been coostructed atthe Koppers Research Center. Both reactors are 

equipped with protective refractory liners of UO2F2 or U-j02 and employ 

carbon or CO as a s~pleniental source of heat in order to avoid expoalng 

the Inconel shells to the high-temperature corroslva conditions. An 

attemptuill be nade tx~ obtain accurate material-balance data In these 

reactors sinze this has been a difficulty with snaller react&s In 

uhlch corrosion caused Inaccurate results. 
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h.2.1 Having-Red Reactor Tests 

I’he olzliL, moving-bed reactor (see Figure VII), which has been 

rehabilitated and Is now undergoIng shake-down runs, till be used to 

teat more extensively the,amvlng-bed techniques that were developed 

previowly in the4 aame reactor. The Alternate No. 2 design ia 

presently based on mt~ces~ful teda In tbl8 reaotor. In the 

current tests, it la p-d to reproduce as closely as possible 

the following conditions, which were employed to obtain m 

oxidation of tht UFb: 

Solid Feed minus & 4 8 mesh UFJ, pellets.. 
containing O.l& carbon. 

Temperatire of Solid Feed 625%. 

Caseois Feed (cocurrent) 100% excess 02 

Temperature of Oxygen approxiately &OO°C. 

Solids Residence Time 142 hours 

h.2.2 Falling-Particle Reactor Tests 

The falling-particle reactor ia des.lgned to take advantage 

of the high reaction rate between UFb powder and 02 that uas 

experienced in the bench&ale tests. The unit (see Figures 

;+:VIII through XIII) consists of metering devices for UP/,, 02, N2, 

and carbon, a LRY2F24ined reactIon mns 2s I.D. x 9 ft. long, 

tube furnaces for heating the reaotor walls, suitable means for 

tith&ating the solid prodpCta a cold trap to remove the UF6, 

ani scrubbers for the off-gas. 

The contemplated 6peratdng procedure for inltSa1 tests in 

the unit is as followst The Inconel reactor walls and W2F2 

lining will be preheated by the wall heaters to about 7WoC. 

Then 02 and carbon will be fed to the top of the reactor to 

12 
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raise the reaction zoqe tamperabwe to 800 to 9WoC. The uall .2. 

heaters will ba adJusted to keep the Inconel shell below WOoC. 

When the proper tamperatures have been reached, UF), pwder will be 

metered Into the Q s$ream, which mill convey and disperse the 

powder into the reaction zone. The IJFb, 02, N2, CO2 and products 

will fall or flow downward through the reactlon zone to the gas- 

~ollda separator at the b&ton. The solid product till be i 

collected, welghed, sampled, and analyzed. The K+j &ll be cold 

trapped and weighed or sent to the two scrubbers, along ulth the 

other off-gases~ 

It is planned to opera& the falling-bed unit initially at 

a rate of approximately l0 lb&.of UFb per hour and with about 

lOO$ fmceis 02. The calculatad residence time for the UF~~po$er 

is 3 ta l0 seconds, depending upon Its particle size. 

The system is adaptable for testing countercurrent Qow of 

the gases:and solids, if this appears desirable. Cocurrent,flows 

have been selected for the’initial tests, however8 to avoid the 

possibility.of reaction between the W6 product and the incoziihg 

IJFb and carbon. 
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5.0 Ldlg-Rmge ProIpm 

The Oow=u hae ,&tied a long-range ~fgram ,to develop one or mom 

of aemral hi&ly seomaiael potential process00 for producing UP6 from 

impure ore wmcentrates (See Part III, Voluine 2, of the Proposal). 

Inltlalresulta in jWoduCi.ng UF& from ore concentrates are encouraging 

(See Section 3.0). It is phed to continue studies with the Ispure 

materials under.the best cotiitlons that are found for produclng uq, and 

IJF~ from refined oxides. The UFi so produced will be purified by diatilla- 

tlon, if required. In order to expedite ths UP&distillation studies, 

approxlmate~ 8!i lbs. of impure UT& es~ial~ prepared from ore conceny 

trates, is being obtained through the IJSAEZ. A pllot-scale facility for 

dlstllling this mterial is now being .designed. 



6.0 conclwions 

The feed materials researoh and development program to date has provided 

additIonal data to qport the Company’s Alternate Proposals ho. 1 and 2 and 

to shou tha& it may be possible to&mplQ the original designs to reduce 

the cost Of UF& aB f~lhm: 

a. The two dry gas wrubbers and their awdlimles (10 mador equipment 

units) can be elindnited fPom the deni@ M each of the Alternate 

proposal& Th6 reduction-mofluorlnation reactors and remaintn& 

equlpment for reooverlng and Tecycllng HF a@ NH3 have now been 

shown to be adequate for essentially complete IiF utll.l.zatlon. 

b. The Ngh reduction-hydrofluorlnation raten that have been found 

show that the h-hour residence tinm now provided f& In the designs 

for Alternate0 No. 1 and 2 la nuch greater than necessary~ thwifore, 

the reduction-hydrofluorination reactors undoubtedly could be a@de 

analler and simpler. 

c. Calculations indicate that the we of a pre-ndxed charg6 contain-’ 

lng recovered ammonium fluoride solution could eliminate the need 

for cooling the reduction~bydrofluorlnatlon reactors by injecting 

fJF gas Into the reactora at intermediate points. The reactors 

could, therefore, be further almplified In desim and opration. 

d. Ammonium diuranate should be @en further consideration as an 

Intermediate oompoumi, 8lnce N& converalon uaa obtained with 

this material in the new LQ process and since this material could 

be cheaper than U03 to produce, under certain circwtances ‘(See 

Appendix A, Part III, Volunk 2, of the Proposal). 
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e. The high reaction rat&e obtalned in the production of UFi by 

reaction between UQ afid 02 further ftubstantlate the Alternate 

lie. 2 Fmposal and show that the deeim is c?mmatlve. The 

kinetlo etudies iadieate that a falling-particle reactor prob- 

ably can be developed, hioh may have advantages over the other 

types of reactors that have been considered. 

,’ 
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TABIS II 

Analye*e of llurango Ore Conbmtrate 
tbed in One4tep IJQ Production 

U308 
Lose @ llooc. 

.a 

spectrofb3aphic. 

2 - 10 p 'k 

5 m.20 ppm 
0.10 - 0.5 ppm 
no% detected 

not detected 
1.0.5 PW 
lea0 than 50 ppm 
0.1 - Q.5$ 

legy&5;&ti 

loo-5oom 

2 -1oppm 

0.1 - 0.5$ 

'chemical 

b% 

0.32% 

0.23% 

5.9% 
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Pilot Elant ~&em for Roduolng lJF6 by the folloulng reactlon: 
2m4 + ‘& 4 m6 + u(32F2 

View ahowIng reaotor removed from furnaoea. 
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~Flinu-6 XIII 

Rdkmhxy liner being inaertetj Into UF~‘oxida?doti reactor. 


