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~· Preparation ot fuballoy Halides. -.:· --

. Work early this month centered priuipally on the tetr&bromide. 

Reoently1 hClWever, S.t appears that the tetrabromide la not as suitable ae the 

tetrachloride. further •rk on the bromide is therefore depeD:Clent on aclditional 

testson the hill· 

Tuballoy tetrabromide S.s •oh more difticntlt to prepare than the 

tetraohloride, aa shown by our experiaoe, aDd as reported by the Bureau ot 

Standards. 

The only method found satisfactory is acoording to the reaction: 

T308 (or !02) ... C 4 Br2--. 'fBr 4 ..f. CCO .. C02 + C0Br2 ) 

Our experiments (see Fig. 1) extended C;nly to about 80o0 c. The experience ot 

the Bureau ot St&Ddards 11 that a eatiatactory rate is attained only at 100oPc. 

At eooOc. we •cle only so-'15 gm in 3 h.J~•. The. Bureau at 1000° was preparing 

a kilogram in 8 houra. It was tozd eaaential, in obtaining a reacrti·~, carbon-

tuballoy oxide mixture, to proceed by charring a ngar-oxide mixture. Merely 

mixing carbon, even lamp-bl@k, with the oxide 1 ~ave a oharge reacting vcey 

· elowly with branine. 

A number of improvements in the preparation otthe bromide have been 

planned, inoluding the pouibilit,- ot conversion ot the ohlorS.de to bromide. 

lt tu.rther work on the hil~ iJ'l41catee the bromide ia deairable, these will be 
-
continued. 

()to!_ the p-reparation or tuballoy tetra-chloride. unach greater progress 

has been made. We DOW haTe several methods which can turn out a kilogram or 

t I, 
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aore per run. t'he prinoipal probleu in this line at present are: to determine 

the moat aatiat'e.ctory :·materials tor oonatruoting equipaent, and to work out 

practical detail• 1br regular production. Short eum.:narlea ot~ Yarioue --
.-
' methode are g1 ven be low. 

-= .Production trom ca~on-tube.lloy oxide mixture and chlorine. (See Fig. 2 ~ 

Thia also h essentially a high temperature reaction, requiring tempera

tures above eOOOc. It also requires preparation of the charge by charring a 

ngar-oxide mixture. The product, however, is very pure (99+~) and separated 

from the charge. One short run using small amounts gave 150 g of product. 

Production of tuballoy tetrachloride from tuballoy oxide and sulphur mono 

chloride. 

Thia method was used by the Bureau of Standards and by the commerCial 

aupplier. It proceeds according to the reaction: 

(See Fig. 3) 

As nm by the Bureau ot St&Ddards, this was carried out at 1000°C. Our experi-

•nt was also done at this temperature, but· it is probable it 'Will go at oonsider-

ably lower temperatures. One six-hour run by this method gave us 1675 grfilns of 

product, (1400 grams 96:( +) from a 2000 gram charge of T308 in 5 hours. A 

principal 4itt1culty ia the removal of aulphllr (or sulphur compounds) from the 

product. 

Production Tot tuballoy tetrachloride trom tuballoy oxide and oarbon; tetra-

:-ohloride. 

The upper temperature limit on this reaction ie fixed by thermal 

decompoaition of the oatbon tetraohloride to carbon and chlorine at about 

750°C. The reaction apparently proceeds in two or more ways, ot which the fl:-st 

ocoura at lower temperatures than the rest: 

=,..... TC! ._ ·~·,,o ... J ro2• 2CC14 

UN CL .. ~~SI FIEI) 
4 ' ... '2.' 

I'' ' • I' TOl 2C0Cl2 
....... TCll 2C:.'. -.~· ' ' ' } t 
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0\tr tint nm_e_b_;;"""· _t_hi_e....._me_th_o_d_we_r;;.,;e~aacle at 65C>-7J0° c., atter a short 

periocl above "1So0 _had lhown the production of oonelderable oarbon. !hey gave 

more ~n a Jd.logram •a.oh ot pro4uot analysing 99~6% f014 • !he:-:.produot was the -
:-Met looking of any yet •4e, and waa ohietly in the torm. of 1oig blaok lustrous 
·-~ ' ' . 

~ oeyetala ~ A emall 81110UDt (a~e purl ty) n.a in the tbrm ot a 4a.-.e Tory dark 

creon pcnn:le r. 

In the two rUn. above, there n• aome dittioulty in aeparatiDg the 

product trom. the oharge, ·beoau•e of the llow rate ot 41et1llation at 650°c. 

The attempt WAI therefore made to KDVert the oxide to the ohlortde in p1ac9,with no 

41et1llation at all, at a somewhat lower temperature, and to eubaequently distill 

the product from the W1reaoted charge at a much higher temperature, in. the ab

sence of &Dy carbon tetrachloride. A run was t.~en m.ad.e at 450°C, using 5vu g of 

tubal.i.~y o.xicle. Atter three houra, the run was stopped. The material in the 

tube appeared entirel7 coJnPerted to ohlor1de, oonsequently, instead ot dis

tilling it ott, it was remoTed tor analya1a. It should be mentioned that one of 

the prinoipt.l obstacles to the preparation ot a pure product 1 .. the dit.N.oulty ot · 

removing it trom any aurtao.e on which it li.a.s oondensecl, or on which it has be\!n 

melted.•- :~:be adhesion ia eo great that the container ia apt to be broken~ and 

in ~ ennt the time oons'W'lled gives plenty of op;ortllllity tor hydrolysis by the 

moiature una~i4ably preaent. 

In the lo••tmperatve l"W1 just desoribecl, however, the procluot was 

in the form ot tine, aeparate o.ryatale, .S. ~ a small a.moUDt ot unreaoted oxide 

(in lapa) which oo"ld be oompletel;y removed trom the tube b;y pouring it out. A 
.. 

a...torial balance ot the oharge and product gave & value ot . 90:( oonverlion to the 

:ohlorlde. The oryate.lline material analyzed 95% ro14 ; ~he small amount of 

lumps were "11% Tel,. 
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tram tuballoy carbide and chlorine. 

Some amall-aoale experiments on thie preparation have been made. It 

appee.ra that the oarbide 11 eompletely ~verted to the ohlorid~ at low tempera

: tu.res, (about 350° ), lea'Ving only a emaU residue of light' oar~ partiol••. 

~- ru.tur.e work on this problem la plazmed as aoon as more tuballoy oa.rbide ie 

aftllable. 

~ry of work on pre;earation of tuballoy chloride. 

A number of methods ot preparation have been developed, all of which 

proceed at a eatiataotory rate and nearly to completion. Regular production 

of a satisfactory product depends on a number of fa.otors, now being studied: 

1. Materials to withstand the temperatures and corrosive conditions 

enoountered. Some that are Wlder investigation are: quartz, ailioon carbide, 

porcelain, graphite, and pyrex. 

2. Condenser materials not wet by TC14• Graphite is being investigated. 

3. Satisfactory aeparation ot oharge and product. This oan be done 

by diatillation at a high teMperature, or by a substantially oomplete conversion 

without distillation. 

4. Choioe of a one or two-etep procesa. It 1s poa1lble that aatls

taotory yields ot 99•% material oan be produced ·in one atep. However, it may 

be simpler and taster to m&Jce 90% material and subsequently tO purity it by 

distillation in Tacuum. 

Purit.ication of tUballoy halides. 

Work on this problem has been almost entirely oont1ned to distillation 

uthods. The w.ouum still, whioh has been in use • has been :redesigned to 

pnTOnt ey mixing of the orud and the cliatillate, and to prort4e a more aatia

taotory method ot heating (eee Fig. 4). Recent teats on the aew etlll show 

it to be quittt satisfactory. The new still v.i.ll take a kilogram of charge, 
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and aomplete the distillation 1n lese than 3 houra. 
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Another method of 4iatillat1on ia in a etream ot nitrogen {see .Fig. 6). 

1'111• has the advantage of not requiring a n.cuum veaael good at~.:.high temperatures, 
--

:aacl of permitting oondensation at higher temperatures to give i~rger oryatala. 
-

,:.S.Teral nma macle with aall amounts have shown that this ie e. 8uitable method. 

F I Recovery of Unused Charge 

Organi&e.tion and PUrposes 

At the ate.rt of last month, it became evident that adequate prooedu!·es 

tor efficient recoTfH7 of the touroe material would be nquired to make the 

general prooesa feasible on a large soale. It WllEi felt on grounds of economy 

that recovery of material both on the first (cr11de) run as well e.s the second 

( enrichDu~nt) run might a.liO' be deairable. The writer, at. the request of Prot. 

Jenkins, then organi&ed a orew including .Mr. Sohmiclt, Jlr. nlner and himself 

.tbr the purpose of inveatigating all types of recovery procedures v.hich might 

be contemplated. This report chronicles the experiments performed a.nd conclusions 

drawn to date. 

Methode of Recovery 

The procedures to be devised depend on the J:U:?.ture of the tuballoy 

deposit, the portion of the T&OUUIIl chamber from which the deposit is Obtained, am 

the major contaminents '.ntroduced by the metals ueed in the aonstruotlon ot the 

apparatua. One may olaaeif'1 recovery prooe4ures as follows: 

1. Dry methode • 

2. Wet methode. 

3. Electrolytic method•· 

Each ot theee hal ite apeoial adva.ntagea a4 it baa been 1he task ot 

the Recoveey Crew to determine the exaot conditions under whioh eaoh ia feasible • 
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!XJ?eriments on Reoovery from Copper and Iron using Wet Methods. 

fhe tirat experiment was performed with the 37" oan. The purposea 

hel't, were to aeoerta.in bow "the tube.lloy distributed itself' tm.d!r oonditiona of 
--

\ a oold aro aouroe 8nd how quAntitatively the souroe .aterial ~Uld be reooTered 

-=- v.etng water and meohanioe.l aotion (i.e. aonlbbing). Xhe geometry •as as 

lnclioated diagnmm.atioe.lly below (ng. 6 ). A "c" was oonatructed on a radius 

(inside) ot 1' B.lld ~th an aperture ot 611 x 6"' • The inside ot the "c" was 

lined with 1 mil Cu toil• Foils were placed immediately above ilt'Ji below the 

aJource ehield to collect al1 material talllng in the space between the 1hield 

Uld the "c". To ascertain how rnuoh tuballoy got past the "c" and distributed 

itaelt around the vaouwa can. the liquid air trap was covered with foil alao. 

Jo Jbile were uaed on the collector. A charge of 88.6 grams wae placed in the 

reservoir. Whflil the run waa t!.nished. the oan was opened and the clistribution 

t1rat ascertained vi13ually. It could be aeen that practically all the material 

(approx. 99"~) was oolleotible from the ion source and shield and the region 

between the shield and the "C" • lfo more than approx. 0.2 p-aD1S of tuba.lloy 

was in the "c". The inside of the "C" showed no signs or heavy ion bombard-

ment, a amooth, black coating of the tuballo1 metal being found spread evenly 

tl-..roughout the whole inside of the "C"• Less than 1/10 ndlligram of tuballoy 

deposited on the liquid air traps showing that the "c" collected all the 

tuballoy not remaining in the source region. fhe eollect;or ahowed eome pit

ting and e. small deposit of tuballoy about equiftlent to what waa 1n the "c". 

Since all the material seemed to r811l&1D in the ion aouroe region, the source, 

ahield and slita were caretully cleaned with wa~er 8l1d a bru1h. 1he recovery 

data ie Uated below:: 

Souroe and Shield - 63 grama 
Slita 21 grams 
Reaenoir _!grams 

total 90 (± s)',.gr,ol~UJ 
. '' 
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It i.e aeen that by tb.ll Mthod, all the tube.lloy regardless of ita state of 

oombiDation ean be reooverecl trom copper or braes by Tlgorou• m.eohanioal action 

and waaMD.g. It waa noted that while little effort was require_d ~o remove the 

::-••posit from a graphite aurtace (sl:lta). the coating on oopper~j.roved very . . . 

"" -
.-tena.oious. In a eeparate experiment pure tuballoy chloride was- rubbed into . 

oopper and al~ed to stand in air. Hydrolysis and reaction on the oopper 

by the a..ci.d formed resulted in a closely adhering. chemically combined coating 

of the tube.lloy ahloricle (probably aa tuballyl ohloride or oxide) with the . . 

OGpper. Only aoid (approx. 6 fl HClJ suftioed to ra.ove this ooat ooapletely. 

Since it appel'l.red that oopper might be the major contaminant and 

complioation 1n the recovery of the tubal loy • methode tor the separation of 

copper and tuballoy were investigated, keeping in mind that both large and 

small soale procedures might be Deeded. 

The t.irat type ot procedure tried both tor aecertaining poeeibilities 

tor recovery a a well as aeparation of tubal loy fr~ copper was electroly1is. A 

preliminary experiment ehowed t bat to get high ourrent ettioienCS.ea and smooth 

depoaition of copper, a rotating electrode wa.a required. The apparatus was 

built incorporating a. large ro~tillg copper cathode with variable epeed of 

rotation and a aheet platinum ltllOde • The protocol Of a typical electrolysis 

nm 11 given herhi th: 

Equipment: 1 Platinum Electrode (2n x 3~ 1 

1 Rotating Copper Electrod~ 

(3,.104 oa dia.meter. 6.3 am long. 

. ~ 
area : 0.6140 4m ) 

Reagen'\i: Solution containing 1.13 m.g tuballoy/toc and 40 mg 

ooppe/oO as -chloride. 

Electrolyais:lOO oc ot IOlution adjusted to pii al u .. d. 
Cathode rotated at 165 r •P .m. J ourreut : o.s ampere a 
Voltage held below 2 volts. 
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The pH was measured with a £laaa eleotrod.e as the eleotrolyeis 

prooeeded and waa •aed to detel"JD1ne how quiokly the oopper waa being removed. 

!he pH dropped trom 1 to 0.15 in 2 lloura and in 5 hours, praoU.oally all of .... 
:the oopper oolor in 10lution was diaoharged. Bo tub&llo,- plat~ out. Our-

- ~ 

--=- .,-nt,....oltage ourvee tor pure oopper aolutiona when oompared with aolutione 

·oontaining both ·tuballoy and oopper in the proportion 1n41oated above ahowed 

that praotioally none ot the ourrellt was oarried by the tuballoy. Only by 

running the ~ltage U? above ' volta oould one obtain some tuballoy oxide 

d~p~dt on the oathode and thie went bt.ok into aolution when the ourrent 

waa tunled ott. Analyaia ot the oompleted run above ahowed 9'7~ reoovery 

ot the tuballoy in solution whereas all ot the oopper was plated out. :Muoh 

data on the voltage-ourrent relatione for T&rioua cu-T solutions were obtained. 

It o,.n be oonoluded that one may remove tuballoy incorporated with 

oopper into solution by eleotrolyaia and afterward plate out the oopper with

out plating out the tuballoy (beoauee of the high over-voltage required to bring 

down tuballoy as the oxide at the cathode). 

fhe eleotrolytio setup was also found usefUl by the analysts tor 

dete~tion of .the 4-Talent tuballoy in the presence ot the 6-valent torm. 

aa well M.& tor a -n.riety ot ·other anal~sea and was turned over to them at the 

oonolusi~n of tm.ee expenmcnta • 

.Another ,_thod whioh auggested 1taelt for llse ln eeparatt.ng tuballoy 
,· 

from oopper .-s ba~ed on the selective abeorption ex~bited by activated 

alumina tor metal lone. Chromatographic oolumns (i.e. long cylindrical tubes 

paeked with alumina) were •et up and the abaorption oharaoterittios ot some 

laboratory alumins- investigated. In the tirat experiment, alumina powder was 

alowly dropped through a ~ong thin oolumn ~t solution oontaining Cu and T. thus 

• . . . ' 
' . ... 

. .. 
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l"'eftrdng the uual pi"Goedure in whioh 1he aolution 1• peroolated 

through the &lumlaa. (!hla prooe4ure w:aa auggeeted l>y an artlole ln Soienoe, 

Vol. 16, 2U.) Dtle to the heterogeneity ot the alumina pal"tlo{ea, nriable 

: apee4a ot dropping were enoo\lllterecl aut the method proTed lmp~tloe.l. lienee, 
. 

,:: noourae was had to the uaual procedure ot packed oolumna. In another ex-

periment, 5 oo ~t a aolution oontaining 9.70 mg T/oo and. 10.0 mg Ou/oo (pH• 2.95) 

11ere run alowl7 through a oollDIIl ot alumina packed into 3 mm. glass tubing, using 

the n.ouum ot the .,at~r aspirator to pull the aolution through the oolwnn. The 

tuballoy was completely abaorbed as a green band on the alWiliJla, the copper ap-

pearillg below the tube.lloy band as a blue coloration. It proved poaaible by 

washing the alumina oolumn to oompletely wash out the oopper band while leaving 

tl-.e tuballoy etill.absorbed on the alumina. 

The ex.perl.Di.ent 110.s repeated uaing larger tubes and with the object of 

obtaining quantitative data. It we.s tou.nd that one oould e.t'teot 1oo·:, T reoover.i 

on the oolumn Vl\hile practically all tll8 GO pper washed through. After the copper 

had been r.oved, the aluraina was expelled f'rom the tube and washed with I N HCl, 

whereupan all the r was diaeolved ot.t' the alumtn. ao that a complete separation 

of the T trom the cU we.e ettected. The experiment was extended to iron and 

aimllar :results obtaiaed although separations .rere not as ah&rp as for the Cu-T 

couple. The i:ron is absorbed b;:r 'the alumina first and then the iJ.i&lloy, ao that 

by cutting the column into an iron and a tube.lloy portion and eluting with acid, 

a separation is made. The efteot o£ pH on these separations ia being determined. 

~ addition· other· absorbents, such as 8 - hydroxy quinoline, are 'tieing triad. 

Attempts· at separation by partition in organic solvents have yielded 

no li.mple process. 

f.he chromatographic experiments have 1hown that addition ot activated 

alumina to a aolution containing Cu and 1' results in the qualltitative removal 
• 
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ot the tllballoy 'by abaorption. !hie 11 the baail for a 81mple recovery prooesa 

ft)r t•ballo;r ia 1;be prunoe ot oopper. 

hrther experl.aentat1on on aepe.ration ot tuballoy tna nrioua metal 
. --

c' iODI have been poetponed matil a cleoiaion 1• reaohed on the nJure of the metall1o 

.:: ooatmg 111» 'be uaed. ill ~ w.ouum oh•ber. 

!Xperimenta with Stainleu Steel 

-

fhe teD&o1 ty of the tub alloy depoe! t on oopper requiring vigorous 

rubbing to remove the last traoes of t~balloy trom a oopper surface togethe1~ 

with the oompl1oe.t1one 1Dtroduoed by the large auaotmt of oopper ibn mixed with 

the tuballoy haye cl1otatecl the uae of a 1110re rellstazit ud less reactive metal 

eurtaoe tor the vaO\NJD. ohamber d:.parte exposed to ion dePosition. Benoe, toils 

or stainless eteel have been exposed to tubal loy ion currents in both tile 37" 

outn.t and !ank "1 on the hill. It is found, a.~ expected, that little or no 

bonding oocurs due to ohemioal reaction. :.aahing ~'ii th hot water suffices to 

remove all but a negligible portion ot the tuballoy f':rom tile stainless steel 

surtaoe. What ie lett 'after washing with water is found to be mainly sputtered 

oopper and thie OEtn be removed by dipping in o.~ Jl HB03 which does not &.ttack 

the etainleSI •t•el• Slmilar experiments are oontfilple.tod \\ith monel met9.l. 

IUoh data on the oompo1ition and corrosiveness of etainless steels or varioue 

gre.dea have been oampiled and all the indications are 1 t will be desira.ble to 

uae atainleea ·etecH tbr all aurtaces exposed to tuba.lloy or tuballoy chloride 

depoaition. 

Oonolusiona 

Sinet' the plan at present 11 to hee.t the entire. ion e;,uroe region 10 

that praotioally all the t\Jballoy depoeita in the "c" or vacuum Oha.mber. it a,::,peara 
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that the recovery oan be made trom atainless steel surfaces almost entirely. 

It oare is taken to keep the deposit dry when opening the Tacuum chamber to 

air, the tuballo7 oan tor the moa"~? part be acraped out as the 4_ry aalt and 

_perpaps recovered by a ailllple cl11tillation. The ion aouroe oo~aining little 

_-_ot 1;he tuballoy can be cleaned with aold or water and the tuballoy recovered, 

it desired, by the methods outlined in the preoeeding pages. The tuballoy 

depoait not removed by scraping ot the atainless steel can be cleaned ott 

a1 otten as neceaaary by a wet method, (either washing in water or dilute 

acid dip,. A large air drying unit 11 now being obtained tor turther experi-

menta on the removal ot the tuballoy depolit in a dry condition. A few experi

ments with dry air in the 37" outfit have shovm the desirability ot euoh a unit. 

It is considered that recoveries very olose to 100% ot the sputtered 

tuballoy can be made with the methods now at our deposal. This will be tested 

ae soon as a model ot the setup on the hill (Rl) can be constructed tor use 

in the 37" magnet. 

III Analytical Methods 

. Organization activities of the Department consiated ot aa"embling 

equipment,and reagents in euch form as to facilitate making ot rapid accurate 

analysis. All-glass delivery apparatus was aaaembled tor common aolutiona to 

mizdmiae concentration ~hanges. All analytical equipment assembled in one . 

place tor the convenience of the analysta. 

In addi tton to atandard methods already in use, other methods W5<re 

~nv~stigated. · Volumetric t~balloy methods were checked and the .tlver reductor 

.methods found aatista.otory. For the present, however, the atandard gravimetric 

aethods have been retained as most oonvenient tor routine analyaia. 

Micro methods tor tuballoy were investigated. No present methods are 

sathtaotory tor our purposes. The polaograph method is being atudied e.s a 
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poaaible aolution to 

' l' ... 
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be used tor some 

purpoaea. Precipitate wlume methods show aome promise aa a reiUl.t of prelim .. 

lD&.rJ experiments. · --.... · 
.Routine activities oonaiated ot quantitati'98 and qua~tative analysis 

~ on 31 samples tram production and chemical groupe• 

Research work that is in progreu or planned consist of the following 

investigations: 

1. Polaographio antilfSi& 

2. Spectrophoto.metio methods tor tuballoy 

3. Precipitate -.oluuu:; methods tor tuballoy 

4. Bioro-gravimetr!o analysis. 

Submitted by J. )(. carter (Part I) 

.H. D. Kamen {Part II) 
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