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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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I. Pfe’pamtion of Tuballoy Halides.

L

- Work early this month centered prineipally on the tetrabromide.

Recently, hawvever, 4t appears that the tetrabromide is not as suitable as the
tetrachloride. Further werk on the bromide is therefore dependent on additional
testson the hill.

Tubelloy tetrabromide is much more diffioult to prepare than the
tetrachloride, &s shown by our axpexjionoc, and as reported by the Bureau of
Standards. |

The only method found satisfactory is aoeortiing to the reaction:

7,05 (or 202) 4C & Brp—v TBr, + (CO 4 0, + 00Br)
Our experiments (see Fig. 1) extended «nly to sbout 800°C. The experience of
the Bureau of Standards is that e satisfaotory rate is attained only at 1000°C.
At 800°C, we made only 50=75 gn in 3 hours. The Bureau at 1000° was preparing
a kilogram in 8 hoﬁ:s. It was found essential, in obtaining a reactizs oarbon-
tuballoy oxide mixture, to proceed by ohé.rring a sugar-gxide mixturce. n;rely |
mixing carbon; ove‘n‘lamp-blank. with tﬁe oxide, gave a charge reaoting vcry
. slowly with braninop '

A number of improvements in the preparation of the bromide have been
planned, including the possibility of oconversion of the ohloride to bromide.
If further work on the hill indicates the bromide is desirable, these will be
;outi.maed.

On the preparation of tuballoy titra-ohloride, mich greater progress

has been made. We now have several methods which ean turn out a kilogrem or
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more per run. The prinoipal problems in this line at present are: to determine

the most satisfaotory :materials for eonstrueting equipment, and to work out
practical details for regular produotion. Short summaries of :}he various
+ methods are given below. ' _:

= Froduction from carbon-tubelloy oxide mixture and chlorine. (See Fig. 2)

’Thia also is essentially s high temperature reaction, requiring tempera-
tures above 800°C. It also requires preparation of the charge by charring a
sugar-oxide mixture. The product, however, is very pure (99+47) and separated
from the che.rge; One short run using small amounts gave 150 g of product.

Production of tuballoy tetrachloride from tuballoy oxide and sulphur mono

chloride.

| This method was used by the Bﬁroau of étmdarda end by the commercial
supplier. It proceeds acoording to the reaotion:

Ts0g (or 0,) +5, c1, —> TCl & (80, +s+...)

(See Fig. 3)
As run by the Bureau of Standerds, this was oarried out at 1000°C. Our experi-
ment was also done at this temperature, buti. it 1s probable it wWill go at oonsider-
ably lower temperatures. One six-hour run by this method gave us 1675 grams of
product, (1400 grams 96%4-; from a 2000 gram charge of T;0g in 5 hours. 4
prinoipal difficulty is the removal of sulphnr (or sulphur compounds) from the
produot. |

 ProductionTof tuballoy tetrachloride from tuballoy oxide and oarborn:tetra-

.ehloride.
- The upper t'amperatnre‘limj;t on this reaction is fixed by thenmll
decomposition of thé edrbon tetrachloride to ocarbon and ohlorine at about
750°C. The reaction apparently proceeds in two or more ways, of which the first
ooccurs at lower temperatures than the rest:

0% 2c0, —— eft zoon

UNCL ‘“S!FIED To* 2cocl, — IC1 0 .zc.,...’.” S



Our ﬂ.nt runs b this method wore made at 650-700° C., after a zhort
period above 750° had shown tho produstion of conelderable qarbon. They gave
nore thnn a kilogram sash of produst analyzing 99.5% 701, . rho_produot was the
-bnt loold.ng of any yet mde. and was ohiefly in the form of long biack lustrous
orystalt. A small amount (u.me purity) was in the form of a donu very dark
green powder. |
_Ih.-fhe tm'. runs ebove, there was some difficulty in separati.;xg the
product from the emr@. because of the slow rate of distillation at 850%.
The attempt was therefore m;ade to ozmvert the oxide to the ohloride in placg,with no
distillation at all, at a somewhat lower temperature, and to subsequently distill
the product f‘ram the unroncted oharge &t a muoch higher temperature, in the ab-
sence of any @mrbon tetrachloride. A run was then made at 450°C, using 500 g of
tubaligy oxide. After three hours, the run was stopped. The materiel in the
tube appesred entirely converted to chloride, gonsequently, instead of dis-
tilling it off, it was removed for analysis. It should be mentioned that ome of
the prineipal obstacles to the pi'eparation of a pure produot i« the diff:loulty of
removing it from mmy surface on which it kes oondensed, or on which it has been
melted.. The adhesion is so great that the oontainer is apt to be broken, and
| in any event the time consumed gives plenty of op;ortunity for hydrolysis by the
moisture .unavoi.dably present. ,
In the low-temperature run just described, havievé_r_,_ the product was
in the form of fine, sOpAmto orystale, vdth a small aﬁount of unreacted oxide
(in lunps) which oould'be eompléfely removed from the tube by pouring it out. A
;nternl balance of fhs csharge and produot gl;ve e value of 907 conversion to the
;hl,orlde. The orystelline material snalyzed 93% TC1,: the -mil_l amount of
lumpe were T7% TC1,. | |
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Preparation of tuballoy tetrachloride from tuballoy earbide and chlorine.

Some smallescils experimsnts on this preparation have been made. It
appeers that the carbide is sompletely oc’a'\\verted to the chloride at low tempera-
7 tures, (about sso°), leaving only a small residue of llght‘oarbép particles.
- Future work on this problem is plaaned as soon &8 more tuballo; earbide is

available.

Sumnary of work on preparation of tuballoy chloride.

A number of methods o_f. preparation have been developed, all of which
prooced at a satisfactory rate and nearl& to completion. Regular produotion
of a satiaractory product dopex_xda on & nﬁmber of factors, now being studied:

l. Materials to withstend the temperatures and corrosive oonditions
ensountered. Some that are under investigation are: quarte, silioon carbide,
porcelein, grsphite, and pyrex.

2. Condenser materiels not wet by TCl,. Graphite 1s being investigated.

3+ Batisfactory separation of oharge and produoct. This ocan be done
by distillation at a high temperature, or by a nubsta.ntiallj oomplete conversion
without distillation. . A

4. Choioe of a one or two-ltép prbcesu. It ic possible that satis-
factory ylelds of 994 % material ean be produced in one step. However, it may
be simpler end faster to meke 907 material end subsequently to purify it by
distillation in wacuum.

Purification of tuballoy heiides.

] Work on this problem has been almost entirely confined to distillstion
:mthoda- The wacuun still, whish has been in use, has been redesigned to
prevent iny mixing of the orud and the distillate, and to provide & more satis-
factory method of heating (see Fig. 4). Recent tests on the mew still show

it to be quite satisfactory. The new still will take a kilogram of charge,



and oomplete the distillicnin less than 3 hours.

| Another method of distillation is in a stream of nitrogen (see Fig. 5).
l'hh has the advaizt.age of not requiring a vﬁ.cuum vesesl goo& at-high temperatures,
“and of permitting condensation at higher temperatures to give i:',érger orystals.
}-B;V;ﬂl runs ~made with small amounts have shown that this is e ;uitable method.

» I‘Il Reocovery of Unused Charge

Organization and Purposes

At the start of last month, it became evident that adequste prooedures
for effieolent recovery of the source material would be raquired to make the
generel proocess feasible on a large soale. It was felt on grounds of economy
that recovery of material both on the first (crude; rum as well as the second
(enriohment ) run might also' be desirable. The writer, at the request of Prof.
Jenkins, them organizéd a orew inocluding Mr. Schmidt, Mr. Kilner and himself
for the purpose of investigating all types of‘reoovery procedures which might
be ocontemplated. This report chronicles the experiments performed and conclusions
drawn to date.

Methods of Recovery -

The proocedures to be devised depeﬁd on the nature of the tuballoy
deposit, the porbion of the vaocuun chember from which the deposit is obteined, ami
the major contaminepts Sntroduced by the metals used in the eonstrusction of the
epparatus. One imy olassify recovery procedures as :ollowa:
| | 1. Dry methods.

2. Wet mothods.
3. Eleotrolytio methods.
E#oh of these has its speoial advantages und it has been the task of

the Regcovery Crew to dstermine the exaot conditions under which each is feasible.



Experiments on Recovery from\Copper and Iron using Wet Methods.
| The first experiment was performed with the 37" ean. The purposes
herv were to asoertain how the tuballoy distributed itself under gonditions of
7 = e0ld sr¢ source and;how quantitatively the source material o;uld be recovered
* uweing water and meohanioal aotion (i.e. sorubbing). The geoma‘;ry wes ag
indicated diagrammatically below (Fig. 6 ). A "C" was constructed on a radius
(inside) of 1' and With an aperture of 6"x 6" . The inside of the "G" was
~1lined with 1 mil Cﬁ foll. Foils were flaoed immedfately above ard below the
source shield to oollect all material falling in the space between the shield
end the "C". To ascertain how much tuballoy got past the "C" and distributed
itself around the wacuun ean, the liguid air trap was covered with foil also.
No fhils were used on the collector. A charge of 88.6 grams wae placed in the
reservoire Vhen the run was finished, the can was opened and the distribution
first ascertai_.ned visually. It eculd be seen that praotically all the material
{approx. 997) was oollestible from the ion source and shield and the region
between the shield and the "C". No more than approx. 0.2 grams of tuballoy
wes in the "C". The ingide of the "C" showed no signs of heavy ion bombard-
ment, s smooth, black coating of the tuballoy metal being found spread evenly
throughout the whole inside of the "C". Less than 1/10 milligram of tuballoy
deposited on the liquid air traps showing that the "C" collected all the
tuballoy not remaining in the source region. The collector showed some pit-
ting =nd e small deposit of tuballoy sbout equivalent to what was in the "C".
_Sinoe 2ll the material seemed to remain in the ion source region, the source,
:lhield and slits were carefully cleaned with water and & brush. 7The recovery
data {s 1listed below:
Souroce and Shield - 63 grams
Slits 21 grams
Reservolr _ _6 grams

Total 80 (* 5).groms



It is seen that by this method, all the tuballoy regardless of its state of
ocombination ean be reocovered from oopper or bx"n‘ss by vigorous mechanieal aotion
and washing. It was noted that while little effort was roqnlred to remove the
—deposit from a grapm.to surface (slits), the coating on eopper~:proved very
B ~tenacious.. In 2 separate experiment pure tuballoy ehlorido was rubbed into
oopper sund ellowed to stand in air. Hydrolysis and reaotion on theé sopper
by the acid fommed resulted in a olosely edhering, chemioally combined eoating
of the tuballoy ehloride (probably ss tuballyl ehloride or oxide) with the
aopper; Only asid (apprcx." 6 § HCl) sufficed to remove this coat ocompletely.
Since it appeanred that oopper might be the major conteaminant and
oomplication in the recovery of the tuballoy, methods for the separation of
copper and tuballoy were investigated, keeping in mind that both large and
small soale procedures might be nesded.
‘The first type of procedure tried both 1_‘01" ascertaining possibilities
for recovery as well as separation of tuballoy from eopper was o]leotrolydis. A
preliminary experiment showed that to get high ourrent effiocienties and smooth
deposition of eopper, a rotating obotmdo wag required. The apparatus was
built incorporating a.large rotating copper cathode with variable speed of
rotation and e shéet platinum enode. The protoool of & typical eleotrolysis
ran i.IVgLVen .herﬁith: 4
Equipment: 1 Platinum Electrode (2" x 3",
1 Rotating Copper Electrode
(34104 om diemeter, 6.3 em 1ong,
erea = 046140 dm )

Reagent; Solution sontaining 1.13 mg tuballoy/leo and 40 mg
ooppo{“ as ohloride.
Eleotrolysis:100 eo of solution adjusted to piis1l used.

Cathode rotated at 165 r.p.m.} eurrent z 0.5 amperes
Voltage held below 2 volts.



The pH was moasured with a glass eleotrode as the eleotrolysis

procceded and was used to determine how quiekly the ecopper was being removed.
— i'ha pH drﬁi:ped from 1 to 0.15 in 2_:haurs and in 5 hours, pndt%_oally all of
7 the copper color in solution was discharged. No tuballoy plat;jfl out. Our-
) _;_"ggnté»wlta-ge oﬁma for pure oopper solutions when compared wi;;.h solutions
| esontaining bo_thgt'ﬁballoy and ecpper in thé proportion indicated above showed
that practfically none of the ourremt was scarried by the tuballoy. Only by
running the voltage up above 4 volts oould ome obtain some tuballoy oxide
| depasit oﬁ the eathode and this went baok into solution when the ourrent

was turmed off. Anelysie of the completed run ambove showed 97% recovery

of the tuballoy in solution whereas all of the sopper was plated out. iuch

data on the voltage~ourrent relatione for v_ariaxia Cu-T solutions were obtained.
It can be ooncluded that one may remove tubelloy incorporated with
sopper inﬁ solution by elecfrolyais end afterward plate out the copper withe
out pleting ouj: the tuballoy (because of the high over-voltage required tobring
down tuballoy as the oxide at the eathode ;. |
The eleotrolytic setup was also found useful by the analysts for
determination of the 4-valent tuballoy in the presence of the 6-valent form,
as well us for s -ﬁﬁety of other 'una.lysea and was turned over to them at the
gonolusion of thﬁe experiments. B
"Another method which suggested itself for use in separating tuballoy
from copper was based on the selective absorption exhibited by activated
_aluminﬁ for inetal-i_onn. Chiramatographie ‘eolwms (1.e. long oylindricai tubes
. ipt_okod with alumina) were set up nnd the abaptptioh charaoteristics of some
| hborﬁ'tory' ;hnnini in’ye&tigated. In'tho first experiment, alumina powder was
slowly d"ropped through a long thir ocolumn ¢f solution eonteining Cﬁ and T, thus



reversing the usual ¢
~through the -ulnnlna. (This procedure was luggegted by an artiole in Soience,
Vol. 86, 212.) Due to the heterogeneity of the alumina mn:oigg. varisble
"?ipndc of dropping wers enoountered md the mthéd proved lmpr;;tioal.' Hence,
l-l:iooouru was had to the usual proocedure of packed colwmns. In another ex-
periment, 5 ac of a solution eontaining 9.70 mg T/ec and 10.0 mg Cu/oe (pHa 2.95)
wr run slowly through & solumn of alunina packed into 3 mn glass tubing, using
the vaowan of the water aspirator to pull the golution through the column. The
tuballoy was completely absorbed ss a green bend on the slumine, the copper ap=
pearing below the tuballoy bend as = blue coloration. If proved possible by
washing the alumina eolumn to oompletely wash out the oeopper bapd while leaving
the tuballoy still absorbed on the alumina. |
mé experiﬁent was repeuted using larger tubes and with the object of
obtaining quantitetive data. It wee found that one could effect 1007 T recovery
on the oolumn while practically ell the @ pper washed through. After the copper
had been removed, the alwnina was expelled from the tube and washed with I N HCl,
whereupon all the T was dissolved off the aluminm so that a conplete scparation
of the T from the Cu was effected. The experiment wes extended to iron and '
similar results obtained although separations were not as gharp as for the Cu~T
couple. The 1ro;1 is absorbed by the alumina first end then the timlloy, so that
by eutting the solumn into an iron end a tuballoy portion and eluting with acid,
a separetion 4s made. The effeot of pH on these separatione is being determined.
In additioﬁ’oth_er ebsorbents, such as 8 - hydroxy cuinoline, are bLeing tried.
- Attempte at separation by partition in orgenic solvents have yielded
no simple process.
The ohromatographic experiments have ghown that addition of sotivated

slumine to a solution ocntaining Cu and T results in the quantitative removal

4 .
Y,



of the tuballoy by absorption. ZThis is the basis for e simple recovery process
~for tuballoy in the presence of sopper.
) Further experimentation on separation of tuballoy fxom various metal
g ion: have been postponed until a decisién is reached on the nafure of the metallic
-_: ee_at_ing to be used in the weouum chamber.

__B_Qeriments with Stainless Steel

The tenmsocity of the tuballoy deposit on oopper reguiring vigorous
mbﬁing to rmow‘ the last treces of tuballoy from a gopper surface together
with the complications introduced by the large amount of oopper ion mixed with
the tuballoy have dictated the use of a more resistant amd less reaoctive metal
lurfaoe for the vaouum chember sndparte exposed to {on deposition. Hence, folls

" of stainless steel have been exposed to tuballoy ion currents in boththe 37"
outfit and Tank "1 on the hill. It is found, a- expeoted, that little or no
b@ﬁm oocurs due to chemical reaction. vashing with hot water suffices to
remove all but a négligible portion of the tuballoy from the steinless steel
surface. What is left after washing with water is found to be mainly sputtered
oopper and thie oun be removed by dipping in O.1 N HNO; which does not attaek
the stainless steel. B5imilar experiments are contemplated with monel metal.
Muoh data on the oomposition and corroaivenesg of stainleas gteels of various
grades have been compiled and all the.indications are it will be deaira,ble' to
use stainless steel it;r all surfaces exposed to tubelloy or tuballoy chloride
dopol:ltion.

- “Conclusions

Sineo the ph.n__ at present is to heet t;he entire ion source region so

that practiecally all the tuballoy deposits in the "C" or wacuum chamber, it a:pears



R e

that the recovery oan be mad§ from stainless steé¢l surfaces almost entirely.

If oare is taken to keep the deposit dry when opening the vacuum chamber to

air, the tudballoy ean for the moat part be scraped out as the g;y salt and
_perhaps recovered by & simple distillation. The ion souroce ooé;aining little
iof'the tubalioy osn be ocleaned with eeid or water and the tnbaiioy recovered,
‘1f desired, by the methods outlined in the preceeding pages. The tuballoy

deposit not removed by soraping of the stainless steel oan be oleaned off

as often as nocesiary by a wet method, (olther waghing in water or dilute

acid dip,. A large air drying unit is now being obtained for further experi-

ments on the removal of the tuballoy deposit in a dry eondition. A few experi-

ments with dry air in the 37" outfit have showvn the desirability of such a unit.

It is considered that recoveries very ocloee to 100% of the sputtered
tuballoy oan be mgde with the methods now at our deposal. This will be tested
as soon as a model of the setup on the hill (R1) can be constructed for use

in the 37" magnet.

III Analytioal Methods

Organization qoéiviticd of the Department consisted of asmembling
equipment,andwroagent; in suoch form as té taoilitat? making of repid aoouraté
enalysis. All-glass delivery apparatus was assembled for ocommon solutions to
minimige ooncentration changes. All analytiocal eqﬁipment assembled in one
place for the o@nvonienoe of the analysts.

In ad&ition’to standard methods already in use, other methods were
Anveétigated. " Volunetrio tu$alloy msthod; were cheoked and the silver reductor
methods found satisfactory. For the pres;nt, however, the standard gravimetric
methods have been retained as most oonvenient for routine analysis.

Micro methode for tuballoy were investigated. No present methods are

satisfactory for our purposes. The polaograph method is being studied es a
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‘io Qathods will be used for some

possible solution to the am. Colorime

purposes. Pfooipitate volume methods show some promise as a result of prelim-
inary experiments.:

- Routine wuotivities consisted of guantitative and quaiitative enalysis

¥ s )

on 31 samples from production and chemical groups.
Resoarcﬁ wori that ig in progress or planned consist of the following
vinvestlgationa:
1. Polaographic analysis
2. Spectrobhotometic methods for tuballoy
3. Precipitate wvolume methods for tuballoy

4. Moro-gravimetric analysis.

Submitted by J. M. Carter (Part I)
M. D. Kamen (Part II)

He &. Larson Part III)
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