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(XIEMIcAL RECOVEHY AND REFlmBENT PROCEIXTRES 
I N  'IYE EIECTROMAGNE!lXC SEPARATION OF ISOTOPES 

w. c. Davis 

INTRODUCPION 

The primary objective i n  recovery and refinement of electromagnet- 
i c a l l y  separated isotopes is  maintaining the quantity and enrichment 
leve l  of the separated isotopes; it is  axiomatic that no more material 
can be recovered than was or iginal ly  present i n  the col lector  pocket 
nor can chemical processing improve the isotopic enrichment. Hence, 
extreme measures are employed t o  avoid isotopic contamination and loss 
of separated materials. 

In order t o  ensure that  the best methods known be applied i n  recov- 
ery and refinement of the separated isotopes, a procedures manual seemed 
necessary. 
Electromagnetic Separations Group at Oak R i d g e  National Laboratory (ORNL) 

over a period of more than  20 years. I n  the interest of expediting pub- 
l icat ion,  t h i s  procedures manual is being published i n  parts;  the proce- 
dures included i n  Part I represent those procedures completed first 
rather than  any par t icu lar  order of isotope separation, recovery, or 
refinement . 

These procedures are the resu l t s  of the experience of the 

While more than one type of col lector  pocket may have been used 
previously f o r  the collection of the isotopes of a par t icular  element, 
the pocket l is ted i n  the Specific Procedures f o r  a n  element indicates 
the pocket i n  use at  the last separation. 
col lector  pocket is s t i l l  i n  use, the preferred pocket is listed first. 

If more than one type of 

It is inherent i n  the electromagnetic method of separating isotopes 
that  accelerated and resolved ions are caught i n  some kind of col lector  
pocket after being propelled through a vacuum chamber i n  a magnetic 
f i e l d  (FQ. 1) . 
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Fig. 2. Isotope Collector. 
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The basic isotope col lector  used i n  the O a k  Ridge electromagnetic 
separators (Fig. 2) consists of a n  adjustably mounted supporting frame 
i n  which col lector  pockets of standard major dimensions, but of differ- 

en t  materials and construction, may be mounted. 
and the spacings between them are chosen t o  conform t o  the beam pattern 
of the element being processed, and each pocket is  e l ec t r i ca l ly  isolated 
t o  permit monitoring of the ion current which reaches it. 
of pockets is covered by a graphite faceplate i n  which de f in ing  slits 
have been cut t o  conform t o  the beam pattern and pocket spacings. 
type of col lector  pocket chosen and i ts  material of construction are 
usually dependent on the properties of the nuclide being collected. 

High pur i ty  graphite’ is the preferred material f o r  fabricating 
most col lector  pockets fo r  the following reasons: (1) the enriched 
sample can be readily reclaimed by a simple ignit ion step, (2) a mini- 

The number of pockets 

The assembly 

The 

mum of chemical impurities axe introduced i n t o  the separated nuclide 
from the collecting substrate,  and (3) fabrication of the col lector  as- 
sembly i tself  is  simpler, even i f  water-cooling is not required (Fig. 3) .  
However, graphite is not a universal col lector  pocket material since 
some elements have high vapor pressures, are chemically reactive t o  re- 
s idual  gases (such as chlorine), or have t o  be held a t  the collector 
surface by chemical combination. I n  these cases, water-cooled metall ic 
pockets, such as copper or aluminum, are used (Fig. 3) 
of metal usually depends on chemical compatibility of element being col- 
lected, ease of subsequent chemical separation, and degree of ion reten- 
t i on  of earlier separations. 

and easily machinable 

For separations involving elements Qi th  high vapor pressure that have 
isotopes of high natural  abundance (>75$), a heavy s t r i p  of graphite is  

sometimes added t o  water-cooled col lector  pockets t o  slow the impinging 

ions, thereby protecting the copper surfaces from erosion. 

Actual choice 

O f  course, the metal should be non-magnetic 

A copper-graphite pocket (Fig. 3) has been used fo r  some collections. 

Each of the chemical procedures given i n  th i s  compilation start with 

isotopical ly  enriched samples 
types of col lector  pockets . 

’Total chemical impurity 

that have ‘been collected i n  one of the above 

should not exceed 2 ppm. 
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GENERAL PRocEms 

I n i t i a l  Steps i n  Recovery and Refinement of Isotopes from Graphite Pockets 

1. Clean the outside surfaces of the col lector  pocket very care- 
fully by buff ing  w i t h  &03-coated abrasive cloth.  

w i th in  1/8 i n .  of the body of the pocket.2 
Remove the tape covering the opening in to  the pocket and crush 
the pocket i n  a p l a s t i c  sack or i n  p l a s t i c  sheet wrappings. 

2. Remove the thick, heavy ends of the pocket with a hacksaw t o  

3. 

I n i t i a l  Steps i n  Recovery and Refinement of Isotopes from Copper Pockets 

. 

1. 

2. 

3. 

Clean the outside surfaces of the col lector  pocket very care- 
ful ly ,  first with water, then with hot 1:l HNO3 t o  remove any 
neutral  and/or adjacent isotopical ly  enriched sample 

holes i n  the pocket should be covered or f i l l e d  t o  prevent con- 
taminat ing the contents of the  pocket. 
Discard the washings, remove the tape used t o  seal the opening 
of the pocket, and extract  the isotope from the in t e r io r  with 

hot 1:l HNO3. Prolonged leaching may be necessary t o  remove 
sheets of copper sputtered from one surface t o  another. Prying 

with stainless steel  spatulas or spreading the pocket opening 
with s ta in less  bars often aids recovery. 
lfransfer the solution, along with any loose undecomposed copper 

metal or  alloy, t o  a beaker and digest u n t i l  solution is essen- 
tially complete. 
needed t o  dissolve a l l  so l id .  

Any 

Small additions of concentrated HNO3 may be 

I n i t i a l  Steps i n  Recovery and Refinement of Isotopes from Aluminum Pockets 

. 
1. Clean the outside of the aluminum pocket by leaching pocket with 

hot 1:l HNO3. 

-~ ~ 

21t has been shown from many determinations that removing the heavy 
ends of graphite pockets effect ively reduces igni t ion t i m e  and tends t o  
lower the quantity of impurities without loss of isotopic material. 
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2. Remove tape from the opening i n t o  the  pocket, pry adhering 
flakes loose; and pour loose material i n t o  a Pyrex dish. 

3. Extract the isotope from the  i n s i d e  surfaces of the pocket by 

leaching with concentrated HNO3, then with a solution of 4 par t s  
H2O:3 parts HN03:l part HC1, and f i n a l l y  with hot  concentrated 
HNO3 

. 

n 
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S P E C I F I C  F!RocEms 

3 

. 

Natural 
Isotope abundance, atom Lk 
1 3 0 ~  0.101 

1*a 0 097 
2.42 

l=B 6 059 

Copper Pocket 

Natural 
Isotope abundance, atom 5 
1 3 6 ~  7.81 
137- 11.32 
l38ga 71.66 

1. Follow steps i n  General Procedures fo r  copper pocket, observing 
the following precautions: 

'Ilhe pocket must be cleaned on the exter ior  very care- 
f i l l y  because of its nearness i n  the receiver assembly t o  the 
"%a pocket and hence the danger of r38B contamination. 

A chemical test must be made t o  determine i f  a l l  barium has 
been removed from the copper pocket. 
t o  ascertain when this removal is  complete without a chemical 
t e s t  since bElrium alloys with copper t o  undetermined depths and 
copper sput ters  from the struck surface t o  the opposite surface 
"burying" the barium. 
fective: 
surface indicates the presence of barium, and f'urther leaching 
is required; a bright surface which remains bright indicates 
that barium is absent. 

2. Evaporate t o  near dryness t o  dispel excess HNO3, f i r s t  on a hot 

plate,  then  on a steam bath or other low-temperature device. 
The copper salts should not be baked t o  an insoluble residue. 
Dissolve the moist residue i n  hot water and f i l t e r  through 
Whatman No. 42 paper. 

It is somewhat d i f f i c u l t  

A rough qual i ta t ive test is  usually ef- 
the copper surface is treated with 1:l HNOs--a dark 

3. 



4. 

5. 

6 .  

7. 

a. 

9. 

Electrolyze the fi l trate between platinum electrodes a t  -1 amp 
vhile  s t i r r i n g  with magnetic stirrer; copper w i l l  be deposited 
a t  the cathode and any lead present w i l l  be deposited simulta- 
neously a t  the anode. Nitrous ac id  is usually present i n  HNO3 

solutions, especially those obtained by dissolving metall ic 
samples, and tends t o  interfere with the electrodeposition pro- 
cess. This HN& may be removed by the addition of -1 g of urea, 
the urea being added, w i t h  s t irr ing,  u n t i l  there is no f’urther 

evolution of gas: 
2HN& + co(NH& +2N2 + c02 + w;? . 

Evaporate the electrolyzed solution t o  dryness, dissolve the 

c rys ta l s  i n  a minimum, but known, quantity of hot water, and 
add, with s t i r r ing ,  fuming HNO3 u n t i l  the HNO3 concentration is 
76 w t  5. A concentration of 76% HNO3 may be achieved by adding 

3 ml 70% HNO3 and 11 m l  100% HNO3 - or  by adding 13.4 m l  fuming 
HNOs (density 1.49-1.50 g / m l )  t o  5.0 m l  solution. The follow- 
ing  formula is  useful i n  calculating the volume of acid needed 

t o  produce a specified percentage of HNO3 when the volume of 
water containing barium is known: 

(desired f i n a l  percentage) (ml solution containing salt) 
100 0.29’jZ = 

where Z i s  milliliters of fuming HNOs. 
A l l o w  the B&(NOg)z crystals t o  set t le  fo r  at least 30 min or 

u n t i l  supernate c lears  and f i l t e r  a t  reduced pressure on a Pyrex 
Wrchner funnel w i t h  medium f r i t .  A tapered Teflon plug with 

opening dril led slightly larger than stem of f u n n e l  should be 

used t o  join the f i l t e r  f u n n e l  and vacuum flask since HNO3 fumes 
corrode rubber stoppers. 
Transfer the crystals from the  beaker t o  the funnel with 76% 
HNO3 and wash several  times with the strong acid. 
Dissolve the salt through the funnel i n t o  a clean f lask  with hot 
water, transfer the solution t o  a beaker, evaporate t o  dryness, 
and repeat the dissolving, precipitating, and filtering. 
Again dissolve the salt through the funnel with hot water and 
co l lec t  i n  a clean flask. 

and evaporate t o  dryness on a stem bath. 
Transfer the solution t o  a beaker 

! 



10. ~ r y  the ~a(~0312 crystals  i n  an e lec t r i c  w i n g  oven at 130- 
140 O C ,  preferably overnight 

Graphite Pocket 

1. Follow steps i n  General Procedure f o r  graphite pockets. Special 
care should be taken i n  cleaning the exter ior  of the '37Ba graph- 
i t e  pocket. 
s ive  deposits of 138Ba on the outside of the 137BEl pocket. 
some cases white deposits, indicative of BaO or BaCOa, are found 
on the outside of graphite pockets used t o  co l lec t  '=Ba. 

Extract the b a r i u m  from the broken graphite pr ior  t o  igni t ion of 
the graphite i n  oxygen atmosphere (this pre-ignition extraction 
step is preferred f o r  b a r i u m  because of the corrosive action of 
barium s a l t s )  . 
graphite t o  an  extra large Soxhlet extractor and extract  with 

1:2 HNO3 f o r  24 hr; decant the  solution and wash the graphite 

w i t h  water; reserve barium-containing leach solution and wash- 

ings; dry graphite and transfer t o  a quartz boat. 
is large, add enough 1:l HNO3 t o  the graphite pieces t o  cover 
the solids and allow t o  stand u n t i l  reaction suhsides; digest 

mixture on steam bath, preferably overnight; allow so l id  t o  set- 
tle, decant supernatant liquid, wash residue with water, and 

transfer residue t o  quartz boat; reserve barium-containing s o h -  
t ion.  
Igni te  the carbonaceous matter under oxygen i n  a horizontal Vycor 
tube heated by an e lec t r i c  furnace. Continue oxidation u n t i l  the 

The high-intensity ''% ion beam can cause exten- 
In  

2. 

If the sample is small, t ransfer  the broken 

If the sample 

3. 

carbon has been consumed. 
Cool the boat, digest the ash i n  1:l HNO3, d i lu t e  the solution 
and f i l ter  through paper in to  solution from Step 2. 
Concentrate the filtrate u n t i l  the HNO3 is -20 vol  $ and elec- 
trolyze between platinum electrodes a t  1 amp, with s t i r r ing ,  t o  
remove copper or lead impurity. 
Continue refinement procedure beginning with Step 5 i n  procedure 
f o r  collecting barium i n  copper pockets. 

4. 

5 

6 .  
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Natural 
Isotope abunbnce, atom $ 

losCd 1.215 

108Cd 0.875 
ll0Cd 12.39 
l l1Cd 12 *75 

INVENTORY FORM: CdO 

Aluminum Pocket 

Natural 
Isotope a h n w c e ,  atom $ 

'=Cd 24.07 

ll*Cd 28.86 
llSCd 12.26 

l l%d 7 058 

1. Follow instructions i n  General FYocedures f o r  recovery from 
aluminum pocket. 

2. Transfer the loose sol ids  t o  a beaker, add the acidic  leach 
solutions, and heat u n t i l  the sol ids  dissolve. Evaporate the 

resul t ing solution t o  near dryness and redissolve the  s o l i d  
material i n  water. 
Add a suf f ic ien t  quantity of aqueous NaOH t o  make the cadmium- 
bearing solution d is t inc t ly  alkaline and t o  prec ip i ta te  C d ( 0 H ) Z  

(along with impurity hydroxides such as iron, copper). Most of 
the aluminum and zinc impurities, i f  present, are converted t o  
the soluble sodium aluminate or sodium zincate and pass i n t o  
the f i l t r a t e .  
Centrifuge Cd(OH)= i n  p las t ic  containers and wash the insoluble 
materiai wi th  H20 .  Treat the accumlated centi-ffugates and 

wash solutions wi th  HzS t o  concentrate any cadmium that did not 
precipi ta te .  
Dissolve C d ( 0 H ) Z  i n  the smallest quantity of concentrated H C 1  

which w i l l  e f f ec t  complete solution, then adjust  with water t o  
2 - M HC1. 

Prepare a column of Dowex bx8, 100-200 mesh, ion exchange re s in  

of Bo-Rad (or AR) qual i ty  i n  the chloride form. 
the  column is dependent on the amount of cadmium present since 

3. 

4. 

5 .  

Triple this volume by adding two addi t ional  volumes 
O f  2 - M HC1. 

6. 
The s i z e  of 
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. 

7. 

8. 

9. 

10. 

11. 

a13 the cadmium should be absorbed on the resin. 
wet resin re ta ins  430 g cadmium under ideal conditions; however, 
100 m l  of wet resin should be used f o r  each 5 g of cadmium as- 
sumed present i n  order t o  protect aga ins t  losses from channeling 
o r  rapid flow rate. 
Pour the l iqu id  in to  the top of the column, allowing it t o  flow 
out the bottom at  4 0  mumin. 
rities that do not form stable complexes from the resin with 

2 - M HC1. 

move excess HC1, but test l iqu id  f o r  cadmium. 
Displace the cadmium from the resin,  first with 1:4 a O H ,  and 
f i n a l l y  with 1:l -OH. 

observed traveling down the column as m O H  removes cadmium. 
(When a l l  the cadmium has been removed, wash with water, then 
with 2 - M H C 1  t o  recondition the res in . )  
Filter the ammoniacal solution of cadmium t o  remove insoluble 
hydroxides, such as Fe(0H)S. 
concentrate cadmium and t o  remove any t i n  which may be present. 
CentrQuge the mixture and w a s h  the precipi ta te  w e l l  with a 
d i lu te  solution of ( ~ ~ 4 1 2 ~ .  
Dissolve C d S  from the centrifuge tubes w i t h  6 
the resul t ing solution t o  a beaker, and saturate with &So 

Dilute t o  3 ,M H C 1  by adding a volume of water equal t o  the t o t a l  
volume of l iqu id  and again saturate with H$. 

agulation and f i l t e r  off sulfides of impurities such as lead or  

copper. (It should be noted that some cadmium w i l l  precipi ta te  
i f  the cadmium concentration is high. 

should be 20 t o  50 g of cadmium i n  4 l i t e r s  of volume contain- 
ing  -500 m l  of concentrated HCL.) 
Dilute the f i l t e r e d  solution with a volume of water equal t o  
the t o t a l  volume of solution ( t o  give a solution 1.5 
and add &S while heating. 

here. 

u n t i l  alkaline,  then adding (NH412S. 

c ip i t a t e s  any i ron or zinc s t i l l  present. 

One l i t e r  of 

Wash a l l  copper and those impu- 

Wash the column w i t h  a small quantity of water t o  re- 

A very d i s t inc t  darker color w i l l  be 

Add ( m ) 2 S  t o  the filtrate t o  

HC1, t ransfer  

Heat t o  aid co- 

For best resu l t s  there 

i n  HC1) 

Most of the C d S  is precipitated 
Any remaining cadmium is precipi ta ted by adding -OH 

This treatment a l so  pre- 
( ~ n y  cadmium present 



can be recovered by dissolving the prec ip i ta te  i n  a minimum of 
concentrated HC1, followed by precipi ta t ion with &S from a 
solution 1.5 i n  HC1.) 

Collect a l l  of the CdS, dissolve it i n  6 fi HC1, and precipi ta te  
the sulf ide by the procedure described i n  Steps 10 and 11. 

Centrifuge mixture, wash the prec ip i ta te  w e l l ,  and then dis -  

solve it i n  4 - M HC1. 

12. 

13. Evaporate the chloride solution t o  dryness, treat the residue 
w i t h  1:l HNO3 by repeated evaporations u n t i l  a l l  the chloride 
has been removed. Dissolve the nitrate, which on evaporation 
is a syrupy m e l t ,  i n  water containing enough &OH t o  make the 
solution alkaline and t o  complex the cadmium. Any prec ip i ta te  
that appears at  t h i s  point, such as a t race  of the complex of 
iron or aluminum, should be removed by f i l t r a t i o n .  Collect the 

f i l t ra te  i n  a p la s t i c  beaker; the concentration should be -50 g 

cadmium/2 l i ters solution 
Add excess (NH4)2COa solution t o  the f i l trate t o  prec ip i ta te  
CdCOa (the CdCO3 w i l l  not p rec ip i ta te  u n t i l  excess NH4OH is 

evaporated away; the p l a s t i c  beaker should be covered with a 
f la t  p l a s t i c  l i d  which allows the ammonia t o  be removed slowly-- 
this slow removal leads t o  a homogeneous type precipitate which 
i s  purer and more easily handled; a t  times, the prec ip i ta te  w i l l  

form on the sides and bottom of the beaker, but t h i s  problem can 

be simplified by s t i r r i n g  occasionally t o  keep the prec ip i ta te  
broken away). 

Centrifuge the mixture i n  p l a s t i c  centrifuge tubes, and trash the 

CdC03 precipi ta te  well with water, then w i t h  acetone. 
Dry the water-free so l id  at  low heat (steam bath, w a r m  air) t o  
remove the acetone. 
tubes t o  a porcelain dish, and decompose the carbonate t o  CdO 

i n  an e l e c t r i c  furnace, s t a r t i ng  a t  room temperature and heat- 

ing t o  650°C. 
6 h r  (this temperature should not be exceeded because of the 
v o l a t i l i t y  of CdO).  

14. 

15. 

16. 
?transfer the carbonate from the p l a s t i c  

The temperature should be held at  650°C f o r  4 t o  



Copper Pocket 

1. 

2 .- 

3 *  

4. 

5 .  

6 .  

7 .  

a. 

9. 

10. 

Folloir General Procedures f o r  recovery from copper pocket. 
Evaporate solution t o  dryness and convert nitrate t o  chloride 
by repeated evaporatiolls i n  the presence of concentrated HC1. 

Dissolve chloride residue i n  water and evaporate t o  dryness t o  
remove excess HC1. 

Dissolve residue in 2 - M HC3 and f i l t e r  solution through Whatman 
No. 42 paper. 
the volume of 2 

Condition ion exchange column i n  preparation f o r  absorbing cad- 
mium on Dowex 1 r e s i n  from chloride solution by passing two or 
more column volumes (the amount of l iqu id  required t o  f i l l  

spaces between resin granules t o  height of leveling arm) of 
2 - M HC1 through the column. 
Place sample i n  sample reservoir and allow sample t o  run through 
the column. All other openings t o  the column should be closed 
(the air vent should be especially carefully checked) 
Pass 2 - M HCl from reservoir i n to  column u n t i l  a l l  the green 
color of copper ion i s  washed out of the resin. 
Add enough water t o  sample reservoir t o  wash column w i t h  2 col- 
umn volumes of water; t h e n  add a t  least 2 column volumes of 
1:4 W O H  t o  the sample reservoir and allow t o  run  in to  column. 
A column change is  evident as the =OH replaces the cadmium 
complex ion from the resin (column must be watched closely when 
elut ing with 1:4 € Q O H  since Cd(OId, precipitates i n  the resin 

and i n  the column ex i t s  a t  low concentrations of NH4OH and 

t ends  t o  plug the column). 
Wash the column w i t h  2 column volumes of water and r e t a in  the 
washings (the column should then be reconditioned with 2 - M HC1 

for further use) . 
Precipi ta te  cadmium as CdS by passing &S through the  combined 
hot solution (the eluates from column, the w a s h i n g s  before and 
after mOH elution, and the NH,#OH eluate) and allow precipi ta te  
t o  sett le overnight. 

Dilute solution with approximately three times 
HC1 required t o  dissolve the sample. 



14 

11. 

12. 

13 

14. 

15 

16. 

17 

18 . 
19. 

20 0 

21 0 

Centrif'uge mixture, decant supernate, and wash prec ip i ta te  w i t h  

water saturated w i t h  &S. Check centrifugate f o r  complete pre- 

c ip i ta t ion  and f i l t e r  through Whatman No. 42 paper. 
Dissolve CdS precipi ta te  i n  centrifuge tube with 1:l HC1 and 
filter solution through same f'unnel. 
Evaporate f i l trate t o  dryness, dissolve residue i n  1 - M H$O4, 

heat solution, and pass k S  through solution. While passing 

&S through solution d i lu t e  t o  0.5 - M &SO4 with hot water and 

ultimately t o  0.25 - M &SO4 (this s t ep  helps eliminate zinc 
impurity since ZnS does not prec ip i ta te  readiu i n  1 
Allow t o  s e t t l e  overnight. 
Centrifuge mixture, decant supernatant l iquid,  wash prec ip i ta te  
w i t h  0.25 - M &SO&, pass €I& through decanted supernate, and 
f i l t e r  on Whatman No. 42 paper 

Dissolve residue i n  centrifuge tube and off f i l t e r  paper w i t h  

hot 4 - M HC1, d i lu t e  solution t o  2 - M HC1, and f i l ter  through 
Whatman No. 42 paper. 
Pass solution through column as before, collecting m O H  eluate  
i n  p l a s t i c  beakers. 
Evaporate t o  dryness on steam bath, dissolve residue i n  minimum 
of 1:l HC1, t ransfer  solution t o  glass beaker, and evaporate t o  
dryness. 
dryness . 
Dissolve C d C b  residue i n  water and add saturated aqueous 
( N H J ~ C O ~  i n  excess t o  ensure quantitative precipi ta t ion 
Digest mixture on steam bath u n t i l  p rec ip i ta te  settles on bot- 
tom of beaker and solution clears. 

Centrifuge mixture, decant supernate, and wash precipdtadse w i t h  
water. 
Transfer CdCO3 t o  platinum dish and ign i t e  i n  muffle furnace 
f o r  2 hr  at  600°C. 
complete change t o  CdO. 

~ 2 ~ 0 4 ) .  

Dissolve residue i n  water and again evaporate t o  

Dry precipi ta te  i n  centrifuge tube. 

Finally ign i te  f o r  1 h r  a t  650°C t o  ensure 



Natural 
Isotope abundance, atom $ 

0 193 

laece 0.250 

lSS& 

INVENTORY FORM: Ce02 

Graphite Pocket 

1. 

2. 

3 .  

4. 

5 -  

6. 

7 .  

Natural 
Isotope abundance, atom P 

140& 88.48 

11 07 

Follow General Procedures for  recovery from graphite pocket. 
Transfer the carbonaceous material t o  a quartz boat; then with 

boat and contents i n  a horizontal  quartz or Vycor tube ign i te  
i n  oxygen at -800°C. 
p le te ly  consumed. 
Remove the boat from the ignition tube and allow boat and resi- 
due t o  cool. 
(any Ce02 adhering t o  the  boat should be dissolved i n  hot con- 
centrated HNOa and dropwise additions of 30s &02 t o  e f fec t  the 
transfer;  any insoluble matter adhering t o  the boat should be 

washed in to  the beaker w i t h  a small stream of water). 
Cover residue with a mixture -of 10 parts HNOa, 1 par t  305 &02. 
Dissolve the sample by heating on steam bath, making periodic 
additions of 5-10 ml 30% ~202 if necessary t o  complete dissolu- 
t ion.  Continue heating after solution is complete t o  decompose 
excess b02. 
Cool the solution and d i lu t e  with a volume of water equal t o  
the volume of solution t o  permit f i l t r a t i o n  on paper. 
through Whatman No. 42 paper. 
Add concentrated mOH t o  the f i l trate u n t i l  d i s t i nc t ly  alka- 

line; then add 3O$ GO2 dropwise with s t i r r i n g .  Heat mixture 
on a steam bath u n t i l  excess &02 is decomposed. 
All& the Ce(OH)* precipi ta te  t o  settle; decant c lear  supernate. 
Wash the precipi ta te  with concentrated NH+OH by decantation u n t i l  
there is  no further physical evidence of blue copper complex. 

Continue oxidation u n t i l  graphite is  com- 

Transfer the residue t o  a beaker w i t h  a spatula 

F i l t e r  
Reserve filtrate. 

\ 
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8. 

9. 
10. 

11. 

12. 

13. 

14. 

Wash the precipi ta te  onto paper with concentrated m O H  and 

f i l t e r  the decanted solution and washings from Step 7 through 
the same paper. 
Igni te  the paper and residue i n  Vycor at  - 8 0 0 " ~  t o  -02. 

Dissolve the Ce02 i n  a mixture (by volume) of 10 parts HNOJ 

1 par t  30% &02. 
decomposed 
Cool the solution and d i lu t e  w i t h  a volume of water equal t o  
the t o t a l  volume of solution and f i l t e r  t o  remove any s i l i c a  
present . 
Precipi ta te  cerium from the fi l trate by adding saturated oxalic 
acid while s t i r r i n g  (1 g of &C204-2&0 dissolves i n  -7 ml 
water at room temperature) 
Allow the precipi ta te  t o  digest on a steam bath; then  transfer 
so l id  t o  f i l ter  paper, washing any s o l i d  from beaker with satu- 
rated G C 2 O 4  solution. 
Wash residue with saturated kC.204 solution. 
and oxalate residue t o  a Vycor container and dry a t  -120°C i n  
an e l e c t r i c  drying oven, 

Heat solution on steam bath u n t i l  G O 2  is 

Transfer paper 

15. Igni te  at  ~ O O ' C  t o  c~o,. 



Isotope 

-21 

=c1 
INVENTORY FORM: N a C l  

Copper Pocket 

1. 

2. 

3. 

4. 

5. 

Natural 
atundance, atom $ 

75 04 

24.6 

Remove copper p la te  attached t o  mouth of pocket. 
of pocket with s t r i p s  of masking tape t o  prevent di lut ion from 
wash l iqu id  or loss of loose par t ic les  of sample. 
Clean the outside of the copper pocket by washing with hot 
1:l HNOs t o  remove any natural  or adjacent isotopic material 
deposited during the separation process. 
water. 
Remove the tape carefully from pocket opening and w a s h  the 

area that w a s  covered with the tape with a small piece of 
sponge s l igh t ly  moist with 1:l HNO3. 

prevent the entry of e i ther  acid or  water a t  th i s  point. 
Wash the copper p la te  separately, re ta ining the wash from the 

lower side but discharging the wash from the outside surface. 
Transfer the magnesium turnings (which were used t o  combine 
w i t h  the sl ightly energetic sputtered chlorine) from the col- 
l ec tor  pocket t o  a three-neck, round-bottom reaction flask 
equipped with (3) i n l e t  f o r  a nitrogen purge, (2) i n l e t  fo r  a 
dropping finnel,  and (3) out le t  connected t o  three gas washing 

bot t les  i n  series: the first empty t o  serve as a safety trap, 
the second containing water, and the th i rd  containing a solu- 
t i on  of 75-90$ of the stoichiometric quantity of NaOH needed 
t o  react  with the HC1 produced from A g C l  formed i n  the concen- 
t r a t ion  of chlorine ( the best  way t o  concentrate the chlorine 
and provide a simultaneous refinement s tep i s  by precipitation 

Close mouth 

Wash thoroughly with 

Care should be taken  t o  
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with &NO3 t o  AgC1) . 
the t ransfer  t o  prevent any evolution of HC1 gas. 

S t a r t  the flow of N 2  and purge the f l a sk  f o r  10 min. Add water 
very slowly from the dropping funnel u n t i l  the reaction is com- 
plete, then  add 1:lO HNO3 cautiously. Warm the flask, using a 
heating mantle, u n t i l  the reaction subsides. Then add concen- 

!Che tu rn ings  should be kept dry during 

6. 

trated HNO3 dropwise at first, f i n a l l y  increasing the ac id  con- 
centration of the solution t o  1:l HNO3. 

be continued u n t i l  a l l  the chips a re  i n  solution. 

The additions should 

7. Combine the contents of the f l a s k  with the two scrubber s o h -  
t ions . Reserve * 
Remove the magnesium p la t e  from inside the pocket, wash with 

water, then with 1.5 - M HNO3 u n t i l  a l l  MgC12 has been dissolved. 
Combine solution with that from Step 7. 

8.  

9. Wash the i n s i d e  of the copper pocket, first w i t h  water, then 
w i t h  1.5 - M HXO3 u n t i l  the wash solution gives a negative test  
f o r  C1- (lack of cloudiness or  precipi ta t ion of A g C l  when &NO3 

is  added) . Combine the solution w i t h  the main solution obtain- 
ed i n  Steps 7 and 8. 
Filter the combined solutions on Whatman No.  42 f i l t e r  paper 
which has been washed w i t h  HNO3 (and then with dist i l led water) 

t o  remove a l l  traces of C1- from the paper. 

10. 

11. Add 1 AgNOs t o  completely precipi ta te  Cl'. Allow the precip- 
i t a t e  t o  settle, centrifuge mixture, decant clear l iquid,  and 
wash residue w e l l  with 1 M HNO3. 

Dissolve A g C l  i n  mOH and re-precipitate by adding HNO3 u n t i l  
solution is acidic. Again allow precipi ta te  t o  settle, centri-  
fuge mixture, and wash residue t o  remove metal ion impurities. 
Weigh and transfer the prec ip i ta te  t o  a porcelain boat; place 
the boat i n  a quartz tube s i tua ted  horizontally i n  an e l e c t r i c  
tube furnace. 
UOOC t o  remove water. 
Connect the out le t  tube t o  the gas scrubbers i n  series using 
a l l  ground-glass connections. 
start the flow of &. 

- 
12. 

13. 

Purge the system with N2; then heat slowly t o  

14. 
Purge the system with N 2  and 

Continue heating slowly, allowing the 



furnace t o  heat t o  400°C; heat a t  this temperature f o r  -2 hr. 
Continue heating to 750°C and hold f o r  -8 hr, or  u n t i l  reduc- 
t ion  is complete. 

15. Cool with N 2  flow, remove scrubbers, and t ransfer  combined 
scrubber solutions t o  a beaker. 

solution with 0.1000 - N NaOH, using methyl red indicator. 
Concentrate the solution t o  l o w  volume on a hot plate,  transfer 
t o  a platinum dish, and dry  overnight in an Oven a t  125-135OC.  
P a n s f e r  dish and contents t o  muffle furnace and heat t o  800"C, 
allowing the temperature t o  remain at  800"~ f o r  -45 min. Cool. 
Dissolve the salt i n  water and f i l t e r  through properly washed 

Whatman No. 42 paper (Step 10) Wash residue thoroughly with 

hot water. 
Pansfer the NaC1-containing f i l trate t o  a polyethylene beaker, 
evaporate t o  l o w  volume on steam bath, and dry i n  an e l ec t r i c  
oven a t  115-125"C. 

Titrate the slightly acidic  

16. 

17. 

18. 

39. 
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CHROMIUM 

~ Isotope 

50cr 

52cr 
53cr 
54cr 

INVENTORY FORM: C r 2 O 3  

Graphite Pocket 

Natural 
abun-ce, atom B 

4.31 

83 -76 

9 -55 

1. 

2.  

3 .  

4. 

5 .  

6. 

7. 

Follow steps i n  General Procedures f o r  recovery from graphite 
pocket. 
Transfer graphite pieces t o  quartz boat inside Vycor tube and 

i g n i t e  at  800°C under oxygen atmosphere. 
u n t i l  graphite i s  consumed. 
Heat ash i n  presence of 20 m l  HClO$g Cr203 t o  boiling t o  oxi- 
dize green CY3+ t o  orange-red Cr". Heating should be contin- 
ued u n t i l  a l l  green color from the Cr3+ disappears. 
Cool t o  room temperature quickly and f i l t e r  by suction on s i n -  
tered glass.  
air must be avoided t o  prevent absorption of moisture). 
card f i l trate . 
Dissolve C r O 3  through f i l t e r  with water, heat f i l t r a t e ,  and 

add NH4OH u n t i l  alkaline t o  prec ip i ta te  aluminum impurities. 
Filter 
Acidify f i l t r a t e  with &SO4 and add NHz(OH)~*H~SO~ t o  reduce 
the Cr6+ t o  Cr3+. 

color, e n t i r e u  f r ee  of cr6+ orange. 
Precipi ta te  the chromium as C r ( O H ) 3  by adding 1:l f i l t e r e d  
N h O H  t o  the neutral  point and adding su f f i c i en t  urea t o  the 
hot solution t o  e f fec t  complete precipitation. 

Continue oxidation 

Wash residue w i t h  70s H C l O 4  (long exposure t o  
D i s -  

me solution should be a very dee2 green 
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8.  

9. 

F i l t e r  on paper and wash residue with hot 1% m o a .  
Transfer Cr(0H)a residue t o  Vycor dish and dry i n  oven. 
t o  Cr209 by gradually increasing temperature t o  850°C. 

t h i s  temperature fo r  4 hr. 

Igni te  
Heat at  
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HAFNIUM 

Natural 
Isotope abundance, atom $ 

17% 0.18 

5 015 

18-39 

1 7 6 ~  

1 7 7 ~  

INVENTORY FORM: Hf'O2 

Natural 
Isotope abundance, atom $ 

178a 27.08 

1-3 *78 

18% 35 944 

Copper Pocket 

1. Follow instructions i n  General Procedures f o r  recovery from 
copper pocket. Since hafnium is almost insoluble i n  HNOs and 

must be removed by undercutting the deposit, the s t r ipping of 
the hafnium from the inside surfaces of the pockets requires 
repeated extractions.  
F i l t e r  on Whatman No. 42 paper, reserve residue, and add a suf- 
f i c i e n t  quantity of concentrated %OH t o  the f i l trate t o  make 
the solution d i s t inc t ly  a lkal ine.  
F i l t e r  t o  separate any prec ip i ta te  which may be formed at  t h i s  

point and dissolve precipi ta te  i n  1:l HNO3. 

Dilute solution t o  1 - M (or  less )  i n  HNO3 and electrolyze between 
platinum electrodes at  1 amp, with constant s t i r r ing ,  t o  remove 
copper impurity. 
Decompose the f i l t e r  paper from Step 2 with HNO3 and &SO4 and 
dissolve the hafnium metal residue by prolonged digestion w i t h  

hot concentrated &SOB. 

-10 vol $ i n  free acid, and f i l t e r  on paper. 
trate with tha t  obtained i n  Step 4. 
Precipi ta te  hafnium as the hydrate of hafnium(IV) oxide, HfO2*2&0 
(sometimes referred t o  as hafnium hydroxide, Hf(OH)4), from a 

2. 

3. 

4. 

5 .  

6. Cool the solution, d i lu te  u n t i l  the resul t ing solution is 

Combine the f i l -  

7 .  

cool solution with an  excess of 1:l f i l tered m O H .  Centrifuge 
the white gelatinous precipi ta te  and wash thoroughly with 
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disti l led water. 
steam bath, nor should the solution be allowed t o  get hot as a 

re su l t  of the heat of reaction. When precipitated hot, Hf02*2&0 

is sparingly soluble i n  di lute  acids and i n  concentrated acids. 
Dissolve the precipi ta te  i n  a minimum of hot 6 H C 1  and d i lu te  
solution t o  1 - M HC1. F i l t e r  if  necessary, repeating precipita- 
t ion  w i t h  NH4OH (Step 7) i f  very much copper were occluded w i t h  

precipi ta te .  
Add a t  least 150 m l  of a 16% solution of DL-mandelic acid f o r  
each gram of Hf02 assumed present and heat t o  85°C f o r  30 min, 
s t i r r ing  occasionally. A longer digestion period is  advisable 
i f  more than  a gram of hafnium is involved. Digestion is  nec- 
essary t o  e f fec t  quantitative precipitation even i f  precipita- 
t ion  begins a t  room temperature; heating is necessary t o  hydro- 
lyze the reagent completely. 
Fi l ter  the tetramandalate on Whatman No. 42 paper, using a 

platinum f i l t e r  cone and gentle suction. 
several  times with hot 2% HC1 containing 5 $ D L-mandelic acid. 
Dry  the paper and precipi ta te  i n  a platinum dish, char the paper 
at  300"c, and ign i te  residue t o  ~ f 0 2  at  9 0 0 " ~  i n  oxygen. 

The precipi ta te  should - not be digested on a 

8. 

9. 

10. 

Wash the precipi ta te  

11. 

Graphite Pocket 

1. Follow instructions i n  General Procedures f o r  recovery from 
graphite pocket. 
P a n s f e r  the broken graphite t o  a quartz boat, i n se r t  i n  a Vycor 
tube, and ign i te  i n  oxygen a t  800°C. 
a l l  carbonaceous matter has been consumed. 
Transfer the residue, which i s  primarily Hf02 (but a l so  contains 
small quant i t ies  of &09, -0, SiOz), t o  a Pyrex beaker and 
digest w i t h  hot concentrated &SO4. 
Cool the solution, d i lu te  u n t i l  the resul t ing solution is  10 vol $ 
i n  free acid, and f i l ter  on paper. 
remains (residue may contain undecomposed oxide or possibly the 
carbide), ign i te  paper and residue in platinum; then  fuse w i t h  

2. 
Continue oxidation u n t i l  

3. 

4. 
If an appreciable residue 
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10 g of &S207 f o r  each gram of moa. 
1 - M &SO4 and f i l t e r  in to  main solution. 
Complete the refinement following refinement procedure for 
hafnium collected i n  copper pocket, s t a r t i ng  w i t h  Step 7. 

Dissolve the melt i n  

5. 

. 
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INDIUM 

... 

' Is o t  ope 

l131n 

l151n 

Natural 
abundance, atom $ 

4.23 

95 077 

INVENTORY FORM: In203 

Graphite Pocket 

1. 

2. 

4. 

6 .  

7 .  

Follow first s tep  i n  General Procedures f o r  recovery from 
graphite pocket. 
Break the graphite i n to  small pieces and leach with 1:l HNO3 
i n  a Soxhlet extractor.  
Decant the solution from the graphite and r inse  graphite w i t h  

water. Reserve leach solution and washings. Dry graphite, 
then i g n i t e  i n  quartz boat i n  an e l e c t r i c  tube furnace under 
a stream of 02 at 700-800°C. 
Dissolve ash i n  concentrated HNO3 and combine the solution 
with leach solution and washings from Step 3. Filter through 

paper and evaporate indium-containing f i l t ra te  t o  near dryness. 
Add water t o  adjust  concentration t o  0.1 g indium/200 m l  solu- 
t ion,  heat t o  near boiling, and precipi ta te  indium with a 

s l ight  excess of m O H .  

at  reduced pressure and wash In(OH13 residue with f a in t ly  
amoniacal 1% -03 solution. 
Dry  the paper and residue, then  carefully ign i te  and heat t o  
650-700"C (the ignition of In(OH) 9 precipi ta tes  must be done 
carefully under well-controlled oxidizing conditions, w i t h  

special  care being taken t o  avoid flaming the f i l t e r  paper-- 
which might cause partial reduction t o  indium metal and loss 

by vola t i l i za t ion)  
Dissolve the In203 i n  1:l &SO4 and f i l t e r  t o  remove s i l i c a .  
Adjust the ac id i ty  of the f i l trate t o  a pH of 1.8 with m O H  

Extract overnight. 

Filter through Whatman No. 42 paper 
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and saturate the solution w i t h  H&3 t o  prec ip i ta te  In2S3. Col- 

l e c t  the precipi ta te  on a sintered glass frit and wash residue 
w i t h  0.02 - M &SO+ saturated w i t h  &S. 
Dissolve &Sa through the f i l ter  with 1:l HNO3, d i lu t e  f i l t r a t e  
su f f i f i en t ly  t o  f i l t e r  on paper, and precipi ta te  indium with 

1:l %OH. 
faintw ammoniacal lo$ -03. 

Transfer the paper and residue t o  a platinum dish and carefully 
dry, char, and i$nite--withazt flaming-to a f i n a l  temperature 
of 800°C f o r  several minutes. 
Place the dish containing the -09 i n  a desiccator t o  cool. 

8.  

F i l t e r  mixture on paper and wash residue w i t h  w a r m ,  

9. 

10. 

-. . 



Is o t  ope 

'04Pb 

209?b 

207Pb 

2 0 8 ~  

INVENTORY FORM: Pb(NO312 

Copper Pocket 

1. 

2. 

3 .  

Follow instructions Ln General bocedures f o r  copper pocket. 
Since it i s  d i f f i c u l t  t o  determine visual ly  when a l l  of the 
lead has been removed from the  copper pocket ( lead alloys with 
copper t o  undetermined depths and copper sput ters  from the 
struck surface t o  the  opposite surface "burying" some of the  
lead), a rough qual i ta t ive test  should be made. 
surface darkens when treated with 1:l HNO3, lead is s t i l l  

present and f'urther leaching is required; a bright surface 
which remains bright f o r  a few minutes is  a negative test f o r  
lead. 

Cool the solution and f i l t e r  on N o .  42 Whatman paper, washing 
the residue well w i t h  hot water. 
1rd.e the solution t o  -20 vol $ i n  HNO3 and electrolyze between 
platinum electrodes a t  -1 amp v i t h  constant s t i r r i n g .  
lead i s  deposited as on the anode, and the copper is  de- 
posited simultaneously on the cathode ( the e lec t ro ly t ic  depo- 
s i t i o n  of -02 is best made upon a roughened platinum gauze if 
the lead is t o  be determined by direct weighing, and deposition 
of the dioxide is  enhanced i f  copper is present; there is danger 
of depositing lead on the cathode i n  w a r m  BNO3 solutions a t  
concentrations less than 20q$--at very low concentrations of 
HNO3, deposition a t  %e cathode may occur i n  cool solution).  

I f  the copper 

The 

Natural 
abundance, atom k 

1.48 

23.6 

22.6 

52.3 



4. 

5. 

6. 

7.  

8.  

9.  

10. 

11. 

12. 

Test for  completeness of 
ing the e lec t ro lys i s  fo r  
deposition occurs on the 

deposition by 
10-15 min and 

clean par t  of 

adding water, continu- 
observing whether fur ther  
the electrode. When 

deposition is  complete, and without interrupting the current, 
r a i se  the electrode and wash w i t h  water. 
Transfer the electrode t o  a second beaker (sufficiently large 
t o  allow f o r  considerable bubbling), cover w i t h  cold 1:4 m03, 
and add dropwise several  milliliters of 30% €I202 (-10 m l  &02/ 
l i t e r  solution) Remove most of the P b O 2  deposit by digesting 
at  room temperature, f i na l ly  by applying low heat w i t h  a hot 
plate .  
Remove the platimm electrode from the solution, wash electrode 
with dis t i l led water, and evaporate solution t o  dryness. 

Dissolve the crystals  i n  a minimum, but known, quantity of hot 
water and add fuming ? D O 3  w i t h  vigorous s t i r r i n g  u n t i l  the con- 
centration of HNO3 reaches 84 w t  $ (barium procedure, p. 7, f o r  
discussion of calculation) . 
Allow the separated Pb(NO3)z crys ta l s  t o  set t le  f o r  -30 min, or 
u n t i l  supernate clears,  and f i l t e r  at reduced pressure on a 
Pyrex Buchner f'unnel with medium frit.  U s e  tapered Teflon plug 
(p. 8 )  t o  connect funnel t o  flask. 

Wash the residue from the beaker i n t o  the funnel w i t h  84$ HNO3, 

repeating the washing several t i m e s .  

Dissolve the salt  through the funnel i n t o  a clean flask w i t h  

hot water, t ransfer  the solution t o  a beaker, evaporate t o  
dryness and repeat the dissolving, precipitating, and filtering. 

Again dissolve the salt through the funnel w i t h  hot water in to  
a clean flask. 

t o  dryness on a steam bath. 

Dry the Pb(N03)Z crystals  a t  130-140"C i n  an e l e c t r i c  drying 
oven, preferably overnight. 

Transfer the solution t o  a beaker and evaporate 

Graphite Pocket 

1. -Follow instructions i n  General Procedures f o r  recovery from 
graphite pocket. 
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h 

2. Extract the lead from the graphite pieces pr ior  t o  i g n i t i n g  the 

graphite i n  oxygen atmosphere ($his pre-ignition extraction Step 

is preferred f o r  lead because of the corrosive action of the 

metal and its oxide) 
ken graphite t o  an extra large Soxhlet extractor and extract  with 

1:2 HNO3 f o r  24 hr; decant solution and wash graphite with water; 
reserve lead-containing leach solution and washings; dry graphite 

and t ransfer  t o  a quartz boat. If the sample is large, cover the 

graphite pieces w i t h  1:l HNO3 and allow t o  stand u n t i l  reaction 
subsides; digest mixture on a steam bath preferably overnight, 
allow so l id  t o  settle, decant supernate, wash residue w i t h  water, 
and transfer residue t o  quartz boat; reserve lead-containing 
solution 
Igni te  boat and contents at -750°C i n  a horizontal  Vycor tube 
heated by an e l ec t r i c  furnace. 
the carbon has been consumed. 
Cool the boat, digest  the ash i n  1:l HNO3, and d i lu t e  the solu- 
t ion  suf f ic ien t ly  t o  f i l t e r  through paper in to  the solution from 
Step 2. 

Concentrate the t o t a l  solution u n t i l  the HNO3 concentration is 

If the sample is small, t ransfer  the bro- 

3. 
Continue oxidation process u n t i l  

4. 

5. 
-20 vol $. 

6 .  Electrolyze between platinum electrodes at  -1 amp, w i t h  stirring, 
t o  remove copper impurity a t  the cathode and concentrate lead at  
the anode. 
Continue refinement procedure following stepwise directions lo r  

recovering lead from copper pocket beginning with Step 4. 
7. 

Copper-Graphite Pocket 

1. Clean the outside of the mixed pocket (copper-graphite) prepara- 
tory t o  recovery by methods previously described f o r  pockets made 

of copper or graphite. 
2. Remove tape from the opening of the pocket and w i t h d r a w  the 

graphite s t r ik ing  pad. 
body of the receiver and scrape material from the surface w i t h  

stainless steel spatula. 
a clean quartz boat. 

Separate the carbon top from the main 

Transfer dry lead-bearing material t o  



3 .  Extract lead from copper surfaces by prying and scraping and by 
leaching w i t h  hot concentrated HNO3. Digest u n t i l  soluble por- 
t ions axe i n  solution. Cool solution, d i lu t e  suf f ic ien t ly  t o  
f i l ter  through paper, and transfer paper and contents t o  the 
quartz bmt which contains the lead-bearing materials removed 
from the graphite surface. Reserve lead-containing filtrate. 
Transfer the boat t o  a horizontally mounted 5-in. Vycor tube 
and heat slowly t o  750°C i n  a rapid oxygen flow using a n  elec- 
t r i c  tube furnace. 
and contents overnight a t  -300°C, (2) raise the temperature i n  
100' increments, and ( 3 )  follow the tube with a glass bubbler 

4. 

It is advantageous t o  (1) heat Vycor tube 

containing 1:l HNO3 t o  t r ap  any vo la t i l e  gases which contain 
lead. 

Dissolve the resul t ing ash i n  1:l HNO3 and combine the solution 
with the lead-containing f i l t r a t e  from Step 3. 
Refine the lead t o  Pb(NO3)z following the procedures l i s ted  f o r  
recovery and refinement from copper pockets, start ing v i t h  
Step 2. 

5 .  

6 .  



OSMIUM 

-- 

Natural 
Isotope abundance, atom $ 

1840s 0.018 

1880s 1.59 

lmos 1.64 

1880s 13.3 

INVENTORY FORM: Os 

Graphite Pocket 

Natural 
abundance, atom $ Is ot ope 

1890~ 16.1 

l-os 26.4 

1. 
2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

See Appendix A f o r  safety precautions. 
Follow General Procedures fo r  recovery from graphite pocket. 
Transfer graph5te pieces t o  a quartz boat and place the boat 
and contents i n  a 2-in. quartz tube i n  an e l e c t r i c  tube furnace. 
Connect ground-glass out le t  of quartz tube t o  a ser ies  of four 
absorption traps,  the first two traps containing 100 m l  48% H B ~ ,  

the th i rd  containing 100 m l  24s HBr, and the last of the ser ies  
containing a d i lu te  solution of alcoholic NaOH. 

Feed oxygen through a water bubbler t o  the quartz tube i n l e t  as 
the temperature is gradually raised t o  300-350"C ( a f t e r  20 min 
at  t h i s  temperature raage, a red color begins t o  appear i n  the  
first trap indicating that OsO4 is being generated and absorbed) . 
Increase f'urnace temperature slowly (over a period of 5-6 hr) 
t o  700°C. Continue heating a t  th i s  temperature overnight. h a c -  
t i c a l l y  a l l  osmium w i l l  be collected i n  the first two traps. 
Cool furnace t o  <3OO"C t o  stop oxidation and f lush  tube with 

nitrogen. 
Replace first trap, re-establish oxygen flow, and raise furnace 
temperature t o  8OO"C. 

ple te ly  ashed and a l l  Os04 is flushed i n t o  t raps .  

Remove t raps  and discard NaOH solution from fourth t r ap  (photo- 
metric analyses show no o s m i u m  reaches this solut ion) .  

Continue oxidation u n t i l  graphite is com- 
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10. 

11. 

12. 

13 

14. 

15 

16. 

Combine a l l  HBr t r ap  solutions and evaporate t o  near dryness on 
steam bath. 

Dissolve the moist residue i n  a minimum of hot concentrated HC1, 

d i lu t e  the solution (d i lu te  as much as possible--approximately 
double the volume--but maintaining c lear  solution; excessive 
di lut ion should be avoided t o  prevent hydrolysis), and f i l t e r  
through a medium-frit g lass  funnel. 
Heat the osmium-containing f i l t ra te  t o  boiling and prec ip i ta te  
hydrated Os02 by adding saturated NaHCO3 solution t o  a pH of 6 
(continued boiling for  5 min after addition of NaHC03 aids coag- 
ulat ion) .  
Centrifuge and decant. Wash precipi ta te  with 1% u n t i l  the 

flame test f o r  sodium is negative. 
Wash precipi ta te  w i t h  saturated NH&lto prevent igni t ion during 
subsequent hydrogen reduction. 
Heat Os02 at low temperature u n t i l  barely dry and t ransfer  t o  
quartz boat which is placed in a trapped quartz system i n  an 
e l e c t r i c  tube furnace. 
Flush system with C02 pr ior  t o  admitting moderate flow of & and 

heat sample t o  900°C Over a period of 2-3 hr. Hold at  t h i s  tem- 
perature u n t i l  reduction t o  osmium metal appears complete (usu- 
a l l y  -2 hr  f o r  10 g osmium) 
Cool s y s t e m  t o  room temperature and dispel  & from tube by 

-- 

flushing with C02 without interrupting gas flow. 
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Natural Natural 
Isotope abundance, atom k Isotope abundance, atom k 

1WPd 0.96 10% 27-33 

lO4Pd 10.97 108Pd 26.71 

l-Pd 22 -23 11 OPd 11.81 

INVENTORY FORM: Pd 

Graphite Pocket 

1. 
2. 

4.  

5 -  

6. 

7. 

8. 

Follow General Procedures f o r  recovery from graphite pocket. 
'Zransfer the carbonaceous material t o  a quartz boat; then with 

boat and contents i n  a horizontal quartz or Vycor tube ign i t e  
i n  oxygen at 750-800°C. Continue oxidation u n t i l  graphite is 
completely consumed . 
Remove the boat from the ignition tube and allow boat and r e s i -  
due t o  cool. Cover the residue with HCOOH t o  reduce the PdO 

formed i n  the ignition process t o  palladium metal ( th i s  permits 
faster dissolution).  
Wash the residue in to  a Pyrex beaker with water, and with hot 
1:l HNOs i f  necessary. 
Evaporate the w a s h  solutions t o  near dryness and add -25 m l  

aqua regia  t o  dissolve the moist residue. Successive additions 
of aqua regia, and applications of low heat, may be required t o  
completely dissolve the palladium. 
Evaporate the solution t o  low volume and remove HNO3 by repeated 

additions and evaporations of concentrated HC1. Dropwise addi- 

t ion  of HCOOH t o  the hot solution u n t i l  no new red vapors are 
formed indicates complete removal of HNO3. 
Adjust the volume t o  a pH of 0.60 and f i l t e r  through Whatman 
No. 42 paper t o  remove s i l i c a  and other insoluble material. 
Precipi ta te  palladium from the filtrate by the  addition of l.5$ 
dimethylglyoxAme/ethyl alcohol solution at room temperature 

Evaporate t o  dryness at  low heat. 



9-  

10. 

11. 

12. 

13 

14. 

15 

16. 

Allow the precipi ta te  t o  settle, then f i l ter  on a medium-frit 
glass funnel. 
and f i n a l l y  with CHS&OH. 
Dissolve the palladium dimethylglyoxime, Pd( Cfi702N2) 2, through 
the f r i t ted funnel with hot 1:l HNO3 using suction. 
acid slowly t o  prevent a rapid reaction and subsequent boilover. 
(Palladium dimethylglyoxime is  commonly used i n  the determina- 
t ion  of palladium, and it can be weighed d i rec t ly  a f t e r  drying 
a t  llO°C. 
which i s  the preferred inventory form, but v o l a t i l i t y  losses 
r e su l t  i f  not done slowly and carefully.  

Wash the precipi ta te  w i t h  2% HC1, then w i t h  water, 

Add the 

The compound can be igni ted d i rec t ly  t o  the metal, 

The metal can be ig- 

n i ted  without loss; hence, the Pd( C ~ H ~ O ~ N Z ) ~  should be dissolved, 
with subsequent precipi ta t ion of the metal.) 
Transfer the fi l trate t o  a beaker and evaporate t o  dryness on a 

steam bath. Decompose organic matter by boiling w i t h  small ad- 

di t ions of concentrated HNOs. 
Cool residue and add concentrated &SOB; heat t o  remove excess 
HNOs. 
Add f i l tered m O H  slowly, w i t h  stirring, u n t i l  solution is 

s l igh t ly  alkaline, then HCOOH u n t i l  s l i gh t ly  acidic .  Heat t o  

boiling t o  coagulate and precipitate palladium metal. 
Wash the palladium onto Whatman No. 42 f i l t e r  paper with 1% 
NQC2H302. U s e  a stirring rod and small pieces of f i l t e r  paper 

t o  remove any palladium which adheres t o  the beaker. 
with hot 1% NH4C,&302. 
Transfer the paper and contents t o  a Vycor crucible and ign i te  
slowly up t o  700°C i n  an  oxygen atmosphere t o  decompose carbona- 
ceous matter. 
After cooling, moisten the palladium sample with HCOOH and heat 

the crucible t o  85°C u n t i l  the sample is dry. 

Cool and adjust  volume t o  a &SO4 concentration of -0.25 - M. 

Wash paper 
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Natural Natural 
Isotope abundance, atom 5 Isotope abundance, atom $ 

1% 0.012 ,lf=pt 33.7 

1=Pt 0.78 

lgqpt 32.8 

INVFJTORY FORM: Pt 

Graphite Pocket 

1. 

2. 

3-  

4. 

5. 
6. 

7. 
8. 

9. 

10 . 
11. 

12. 

Follow General Procedures f o r  recovery from graphite pocket. 
Transfer the carbonaceous material t o  a quartz boat; then with 

boat and contents i n  a horizontal quartz tube ign i t e  i n  a stream 
of oxygen a t  650°C. Continue oxidation u n t i l  a l l  graphite is  

consumed. 
Remove boat from ignition tube and allow boat and ash t o  cool. 
Dissolve the ash i n  aqua regia and evaporate solution t o  near  
dryness i n  the presence of excess HC1 t o  remove nitrates. 
Repeat a l te rna te  moistening w i t h  concentrated HC1 and drying t o  
remove any residual nitrate. 
Dissolve residue i n  1 M - HC1 w i t h  gentle w a r m i n g .  
F i l t e r  solution through 7-cm Whatman No. 42 paper t o  remove sil- 

ica, washing residue carefully with water. 
Evaporate f i l t ra te  slowly t o  a volume of -100 m l ;  cool solution. 
Precipitate platinum from the filtrate by the addition of so l id  

mC1. Dilute supernatant l iquid with a volume of 95$ CH&H2OH 

equal t o  t o t a l  volume of liquid. 
Allow t o  stand fo r  24 hr t o  ensure complete precipitation of 
yellow ammonium tetrachloroplatinate(I1) . 
F i l t e r  on Whatman No. 42 paper and wash the (NH*)PtC14, residue 
with 20% mC1. 

Dry the residue i n  porcelain and ign i te  carefully by heating t o  
800°C i n  a muffle furnace. 
Place the resul t ing platinum sponge i n  a quartz tube and ign i te  
i n  & at 600°C t o  constant w e i g h t .  



Isotope 

3% 

4% 

* lK 

INVENTORY FORM: KC1 

Copper-Graphi t e  Pocket 34( sample 

Natural 
abundance, atom $ 

93-08 

0 0119 

6.91 

1. 

2. 

3. 

4, 

5 -  

6. 

7. 

Consult Appendix A for safety precautions. 
Follow first step of General Procedures f o r  recovery from copper 
pocket. 
with cleaning l iquid makes a convenient cleaning material. 
Remove graphite striking pad and transfer it t o  a beaker t o  be 

leached w i t h  water, then w i t h  1:l HNO3. 

Place the pocket i n  a large Pyrex t r ay  and f lush  the inside with 

water u n t i l  the potassium has reacted t o  completion; then add 

1:l HNO3 t o  remove the black deposits. 
Pyrex beaker. Removal  of black deposits is f a c i l i t a t e d  by using 
a rubber policeman while the acid is directed onto the deposit 

from a rubber-bulb pipette.  It can be assumed that a l l  potas- 
sium has been removed when the copper metal remains shiny a f t e r  
the addition of HNO3. 

Clean tne inside surfaces of the Saffle p l a t e  i n  the same manner 
t'nat the pocke% 518s cleaned; aiid leach solution t o  solution from 

Step 4. 
Remove tne graphite pad fro3 tile 'beaker e n d  break in to  pieces 
small e n o m  t o  f i t  i n t o  an extra  large Sor51let extractor;  ex- 
t r a c t  for -24 hr  with 1:l HNO3. 

Combine t h i s  solution with leach solutions from Steps 4 and 5 
and digest  on hot p la te  a t  low heat u n t i l  solution is complete. 
F i l t e r  through Whatman No. 42 paper, using a platinum f i l t e r  cone 
and gentle suction. 

A cellulose sponge cut 1 t o  1 1/2 i n O 2  and moistened 

Transfer solution t o  a 
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8. Evaporate t o  dryness, using a hot plate and f i n a l l y  a steam bath, 

t o  remove excess HNO3. Gentle heating on the steam bath prevents 
formation of a residue which is  d i f f i c u l t  t o  dissolve i n  a small 

quantity of acid. 

Dissolve the residue i n  water and as l i t t l e  HNO3 as necessary t o  
ensure complete dissolution. Electrolyze between platinum elec- 
trodes a t  -1 amp u n t i l  a l l  copper has been removed. 
of deposition can be determined by adding a few m i l l i l i t e r s  of 
water and checking the clean platinum surface f o r  copper. 
Evaporate the solution t o  near dryness and decompose the NO; by 
repeated evaporations with concentrated HC1, and f i n a l l y  w i t h  

HCOOH and HC1.  

Dilute the resul t ing chloride solution with water and saturate  
with &S. Digest t o  near  boiling and f i l t e r .  Make the f i l t ra te  

alkaline with f i l t e r e d  NH4OH and again saturate  with &S, digest, 
and f i l ter  Wash the precipi ta te  with 1: 10 (m)*S 

Acidify the f i l t ra te  with concentrated H C 1  and bo i l  t o  liberate 
&S and coagulate the elemental sulfur.  Filter on Whatman No. 42 

paper, b o i l  the filtrate t o  near dryness, and add aqua regia  t o  
eliminate the ammonium salts 
Add a f e w  milliliters of d i lu t e  E a C 4  t o  precipi ta te  any su l fa te  
formed by oxidation of sulfur  and f i l t e r  on paper t o  remove Bas04 

precipi ta te .  
Add HC104 t o  the f i l t ra te  and evaporate t o  fumes of HC104.  C o o l ,  

dissolve perclorate salts i n  water, and f i l t e r  on paper t o  remove 
s i l i c a .  Repeat addition and evaporation of HC104. Dilute w i t h  

volume of water equal t o  volume of solution, cool solution t o  
O°C, and add 100% C&C&OH equal t o  t o t a l  volume of solution. 
Allow the prec ip i ta te  t o  sett le f o r  -15 min and f i l t e r  on medium- 
frit glass  funnel. 
washing in to  and on the funnel. 
Dissolve the KC104 through the frit w i t h  hot water and transfer 

9. 

Completeness 

10. 

11. 

12. 

13. 

14. 

15. 
Use cold m m O H  containing 0.2% H C 1 0 4  f o r  

16. 

.. 

the  solution t o  a Vycor dish. 

heat residue slowly t o  6 5 3 " C ,  the melting point of KC104. Con-  

t inue heating t o  '/OO°C a f t e r  m o s t  of the bubbling has ceased t o  

ensure complete decomposition t o  KC1. A loose f i t t i ng  platinum 

Evaporate solution t o  dryness and 
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l i d  is  desirable t o  prevent spattering losses.  Molten KC104 is 
extremely corrosive and tends t o  a t tack any k ind  of container. 
Cool and dissolve KC1 i n  a m i n i m u m  of water; f i l t e r  solution 
through Whatman N o .  42 paper t o  remove' s i l i c a .  
t ion  t o  dryness and d r y  the KC1 i n  drying oven a t  150°C. 

17. 
Evaporate solu- 

Copper Pocket "% and 41K samples 

1. 

2. 

39 

4. 

5 .  

6. 

7. 

a. 

Follow first  s tep  of General Procedures f o r  recovery from copper 
pocket. 
Dissolve the potassium from the i n n e r  surfaces of the pockets 
w i t h  water, followed by hot 1:l HNO3. Continue leaching u n t i l  
copper s tays  bright after addition of clean HNOs. 
Digest solution a t  low heat u n t i l  a l l  copper has dissolved; f i l -  
t e r  on Whatman No. 42 paper. 
Evaporate f i l t r a t e  t o  dryness, using a hot p la te  and f i n a l l y  a 
steam bath, t o  remove excess HNO3. 
Dissolve residue i n  water and a minimum of HIiO3 and electrolyze 
between platinum gauze electrodes t o  remove copper and lead. 
Remove electrodes, add 10-15 m l  HC104, and evaporate t o  dryness. 
Dissolve salts i n  water, add 2 ml HC104, and electrolyze with a 
mercury cathode and a platinum anode at -0.15 amp/cm2. 
Transfer the solution from the c e l l  t o  a beaker and evaporate t o  
low volume; then  transfer t o  a smll quartz container, evaporate 
t o  dryness, and heat slowly t o  700°C. 

soon as a l l  KC104 has decomposed t o  KC1. 
Dissolve KC1 i n  a minimum of hot water, f i l t e r  through 7-cm What- 

man No. 42 paper, evaporate f i l t r a t e  t o  low volume, t ransfer  t o  
tared 1-dr sample vial ,  and complete evaporation of water. Dry 

KC1 i n  drying oven a t  150°C. 

Discontinue heating as 
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RU'IYENIUM 

c 

Natural Natural 
Isotope ahntiance, atm $ Isotope abunbnce, atom $ 

9% 5 *47 101, 17 10 

9&Ru 1.84 1=Ru 31-70 

9%u l2 077 lo% 18.56 

lo% 12 956 

INVENTORY FORM: Ru 

Graphite Pocket 

3. 

2. 

3-  

4. 

5.  

6. 

7. 

8. 

Follow General Procedures f o r  recovery from graphite pocket. 
Igni te  cleaned graphite pockets i n  an excess of oxygen a t  650°C 
i n  a s i l i c a  boat w i t h i n  a Vycor tube using an e l ec t r i c  tube fur- 
nace. Trap the gases i n  3:1 HC1 containing S02. 

Dissolve the residue from the ignit ion by fusing with 5 parts 
K O H : ~  part K N O ~  i n  a s i l v e r  container at  -600"~. 
Dissolve the melt w i t h  water i n  plast ic ,  remove the s i l v e r  con- 
tainer,  and strongly acidify solution w i t h  concentrated HC1. 

Digest at  steam bath temperatures, d i lu t e  by adding t r ap  solu- 
t ion,  and f i l t e r  through Whatman No. 42 f i l t e r  paper. Reserve 
solution. 
Wash residue w i t h  hot water t o  remove C1'. 

fuse the residue i n  a s m a l l  quantity of 5 : l  KOH-KN03 as before; 
dissolve the melt i n  water, acidify w i t h  HC1, and f i l t e r  in to  
main solution from Step 5. 
Evaporate the solution t o  near dryness, add -10 m l  concentrated 
&SO4, and evaporate t o  heavy mmes of SO,. 
and t ransfer  s l u r r y  t o  a l l -glass  d i s t i l l a t i o n  setup (Fig. 4) 
(ground glass  jo in ts  should be lubricated with H2SO4). 

Add 100 m l  f i l t e r e d  105 NaRr03 t o  the three-neck d i s t i l l a t i o n  
f l a sk  through the t h i s t l e  tube i n l e t  and heat the solution gent- 
ly t o  boiling while pulling fi l tered air over the solution. 

Igni te  the paper and 

Add -100 m l  water 
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REACT1 ON 
FLASK 

10. 

11. 

12. 

13 

14. 

ORNL-DWG 70-6509 

L 

RECEIVING TRAPS 

Fig 4. Ruthenium Dis t i l l a t ion  Equipment. 

Trap Ru04 i n  1:l H C 1  saturated with the reductant SO,, using 
three traps. Add 676 H&O3 t o  the first two traps as the dis-  

t i l l a t i o n  proceeds. 
Transfer the t rap  solutions t o  a beaker (under a fume hood) and 

evaporate t o  a moist residue on the stek bath. Add su f f i c i en t  
1:l HC1 t o  dissolve the residue, d i lu te  the solution, and f i l t e r  
on paper t o  remove s i l i c a .  
Evaporate the f i l trate t o  near dryness on the steam bath, add 

-10 m l  concentrated QS04, and heat u n t i l  a l l  H C l h a s  been elim- 
inated. Dilute suf f ic ien t ly  t o  f i l t e r  on paper and w a s h  residue 
with 1:20 bSO4. Reserve residue. 
Precipi ta te  ruthenium from f i l t r a t e  by saturating solution w i t h  

H2S for -3 hr, allowing t o  stand overnight or u n t i l  supernate 
is colorless.  
Digest, f i l t e r  on paper, and wash su l f ide  with 2% (NH4)2SO4 
saturated with H&. 

Place the f i l ter  paper containing the su l f ide  residue from Step 11 
and the residue from Step 13 containing the mador part of the 
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sample i n  a Vycor crucible. 
( - ) S O 4  t o  prevent deflagration of the su l f ide  during ignition. 
Dry slowly; then ign i te  carefully t o  700°C. 
Transfer sample t o  a Vycor boat placed i n  a horizontal position 
and heated by an e l ec t r i c  tube furnace. 
f i n a l l y  at  8OO0C, t o  ruthenium  metal.^ 

Cover both papers w i t h  c rys ta l l ine  

15. 
Reduce w i t h  dry &, 

Cool under & t o  room 

temperature 
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STRONTIUM 

Isotope 

8 4 ~ r  

86sr 

8 7 ~ r  

88sr 

INVENTORY FORM: Sr(N03)z 

Copper Pocket 

Natural 
abundance, atom $ 

0.56 

9.86 

7.02 

82.56 

i 

1. Follow steps i n  General Procedures pertaining t o  copper pocket. 
Because of the nearness of the 87Sr pocket t o  the 88Sr pocket 
i n  the receiver assembly, the danger of contamination from the 

high-abundance 8%r is great. 

i n  cleaning the exter ior  of the 87Sr pocket (actual ly  it has 

been necessary t o  remove sections of the graphite pockets t o  
ensure complete removal of contaminant deposits) . 
Evaporate t o  near  dryness (not t o  a &O-insoluble residue) t o  
dispel  excess HNO3, first on a hot plate,  then on a steam bath 

or other low-temperature heating device. 
Dissolve the moist residue i n  water and f i l t e r  through Whatman 
No. 42 paper. 

Adjust the f i l t ra te  t o  20 vol  $ w i t h  HNOs and electrolyze the 

solution between platinum electrodes at -1 amp while s t i r r ing ;  

Hence, extreme care must be W e n  

l i  

2 .  

3. 

4. 

copper w i l l  be deposited a t  the cathode and any lead present 
w i l l  be deposited simultaneously at the anode. 
ning electrolysis ,  HN02 should be removed by adding -1 g urea, 
the urea being added, w i t h  stirring, u n t i l  there is no fur ther  
evolution of gas. Small additions of CH3mOH through the 

course of the e lec t ro lys i s  a l so  w i l l  lower the concentration of 

Prior t o  begin- 

HN02, a compound which interferes with the e lec t ro lys i s  and can 
completely s top the deposition. 
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5. 

-.. 

? 

6. 

7. 

8. 

Evaporate the electrolyzed solution t o  a dry  residue, dissolve 
the c rys ta l s  i n  a minimum, known quantity of water, and add, 

with vigorous s t i r r ing ,  f’uming HMO3 u n t i l  the HNO3 concentration 
reaches 80 w t  5. 
of commercial fuming HNO3 (density 1.49-1.50 g/ml)--and 10 m l  of 
water containing the Sr(NO3) 2 crys ta l s  w i l l  give a concentration 

A l l o w  the Sr(N03)z crystals  t o  set t le  f o r  at least 30 min, or 
u n t i l  the supernate clears, and f i l t e r  a t  reduced pressure on a 

Pyrex Buchner funnel with medium frit.  

v i t h  opening s l igh t ly  larger than stem of funnel should be used 
instead of rubber stopper t o  connect f i l ter  funnel and vacuum 
flask. 

Wash the crys ta l s  from the beaker t o  the funnel with 804% BNOa . 

and repeat washing several  times with the strong acid. 
Dissolve the S r ( N O 3 ) 2  through the funnel i n to  a clean f lask  with 

hot water, t ransfer  the solution t o  a beaker, evaporate t o  dry- 
ness and repeat the dissolving, precipitating, and f i l t e r i n g .  
Again dissolve the salt  through the funnel w i t h  hot water and 

Twenty-six milliliters of 100% HNOs--or 28.1 m l  

of 80 w t  $RNOa. 

A tapered Teflon plug 

co l lec t  i n  a clean f lask.  Transfer the solution t o  a beaker 

and evaporate t o  dryness on a steam bath. 

140°C i n  an e l e c t r i c  drying oven, preferably overnight. 

Dry the crystals  at  

Graphite Pocket 

1. Follow General Procedures f o r  recovery from graphite pockets, 
being especially careful  i n  cleaning the exter ior  of the pocket 
t o  avoid contamination of the  87Sr pocket with the high-abun- 
dance *%r. 
Extract the strontium from the broken graphite pr ior  t o  i g n i t i n g  

the graphite i n  oxygen atmosphere (this pre-ignition extraction 
s tep  is necessary t o  prevent formation of SrO during the burning 
of graphite a t  750-8OO0C; a t  graphite-ignition temperatures SrO 
is very corrosive t o  common container materials--for example, 
quartz or Vycor w i l l  turn white and begin t o  flake w i t h  only one 

2. 



, 3. 

4. 

5. 

6 .  

igni t ion) .  
pieces t o  an extra  large Soxhlet extractor and ex t rac t  with 
1:2 HNO3 f o r  24 hr; decant solution and wash graphite with 
water; reserve strontium-containing leach solution and wash- 

ings; dry graphite and transfer t o  a quartz boat. 
sample is large, add 2 liters 1:l HNO3 t o  the graphite pieces 
and allow t o  s tand u n t i l  reaction subsides; digest  mixture on 
a steam bath, preferably overnight; allow so l id  t o  settle, 
decant supernate, wash residue with water, and transfer residue 
t o  quartz boat; reserve strontium-containing solution. 
I g n i t e  the carbonaceous matter under oxygen i n  a horizontal  
Vycor tube heated by an e l e c t r i c  furnace u n t i l  the  carbon has 

been consumed. 
Cool the boat, digest  the ash i n  1:l HNO3, and d i lu t e  su f f i -  
c ient ly  t o  f i l t e r  through paper in to  the main solution. 

If the sample is small, transfer the graphite 

If the 

Concentrate the f i l trate u n t i l  the HNO3 concentration is  

-20 vol  $ and electrolyze between platinum electrodes a t  -1 amp, 
with s t i r r ing ,  t o  remove copper or lead impurity. 
Continue refinement procedure, beginning with Step 4 i n  the 

directions f o r  recovery and refinement of strontium from copper 
pockets. 
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TANTAW 

Isotope 

18% 

161% 

INVENTORY FORM: %205 

Graphite Pocket 

Natural 
abundance, atom 5 

0.012 

99 0988 

1. 

2. 

3* 

4. 

5. 

6. 

7. 

8.  

9 -  

Follow General Procedures f o r  recovery from graphite pocket. 
Avoid losses of 180Ta-containing dust during scraping by using 
a steel  too l  with a vacuum attachment which allows depositing 
of scraped mterial i n  a sintered glass funnel. 
Transfer collected material t o  a platinum dish and ign i te  i n  a 
stream of oxygen a t  600°C. 
Dissolve impure Ta& by heating i n  the presence of repeated 
additions of a mixture of 1 par t  concentrated HNO3, 4 par t s  

(HF),. 
Dilute solution with water and f i l ter  through paper on p las t ic  
funnel i n to  another platinum dish. 
Precipi ta te  tantalum with concentrated Q O H ,  f i l t e r ,  and re- 
dissolve residue with 1:l H C 1  which is -1 ! i n  (HI?),, precipi- 
tate aga in  with =OH, and f i l t e r .  Repeat dissolution, pre- 
c ipi ta t ion,  and f i l t r a t i o n  u n t i l  a l l  t race of copper is removed. 
Dissolve copper-free Ta(0H)s i n  1:l HC1 which is  -1 - M i n  (KF), 

and add an equal volume of 70% HC104. 

B o i l  the solution t o  strong fumes of HC104 and cool (tantalum 
i s  held i n  solution only in presence of (HI?), and precipi ta tes  

quantitatively from ~ ~ 1 0 ~  as %zk) .  

Allow precipi ta te  t o  settle, decant supernatant liquid, and 
wash prec ip i ta te  several  times by decantation, f i r s t  w i t h  con- 

centrated €IN03 and then with d i lu t e  HNO3. 

Wash precipi ta te  onto Whatman No. 42 f i l t e r  paper with d i lu t e  
HNO3 and repeat ac id  washings. 
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10. 'transfer residue t o  a small platinum dish and ign i te  t o  600°C 

under 02 i n  a Vycor tube supported horizontally i n  an e l e c t r i -  
ca l ly  heated tube furnace. . _  

. 

. 
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-. Natural N a t u r a l  
Botope abundance, .atom fk ~so tope  abundance, atom k 

+?ti 7.95 +gn 5 *51 

4733 7 075 

*&ri 73 045 

Graphite Pocket 

5 .34 

1. 

2. 

3-  

4. 

5 .  

6. 

7. 

Follow steps i n  General Procedures f o r  recovery from graphite 

pockets 
Transfer the broken graphite t o  a quartz boat, insert boat i n  
a vycor tube, and ign i te  contents i n  oxygen at  750-800"~ u n t i l  
all carbonaceous matter is consumed. 
Transfer the contents of the boat (now mainly ~ o J  t o  a large 
platinum dish and dissolve the sample i n  a mixture of 5 p a r t s  

concentrated (HF) n, 1 par t  concentrated &SO+. 

oxide reacts  w i t h  (HF), t o  form the soluble hexafluorotitanate(1V) 
ion, w e 2 - .  
Heat solution on hot p la te  u n t i l  SO3 fumes are formed (an excess 
of &SO+ must be present t o  prevent volatization of TU+) . 
Cool the solution, add -1 m l  305 &02, and again evaporate t o  
light fimes of  SO^. mis procedure eliminates thus allow- 
i n g  the use of glass equipment in subsequent steps.  
Cool the solution, d i lu t e  t o  10 vo l  5 &SO+, and fi l ter .  Re- 

serve filtrate. If an appreciable amount of titanium-bearing 
residue remains, it should be ignited i n  platinum, then fused 
with 10 parts of &S&, the melt extracted w i t h  1 

the solution f i l t e r e d  in to  the main solution. 
Add 1:l mOH t o  the fi l trate from Step 6 u n t i l  j u s t  s l i gh t ly  
ac id  and dlgest  on steam bath u n t i l  metatitanic acid precipi ta te  

forms . 

Titanium(1V) 

&SO4, and 



8. F i l t e r  through paper and wash residue several  times wi th  hot 
water 
Transfer the paper and residue t o  a Vycor dish and dry care- 
f u l l y  t o  avoid mechanical losses. Char paper; ign i te  residue 
i n  an e l e c t r i c  muffle furnace at  550°C t o  Ti02. 

9. .- 
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TUNGSTEN 

_1. 

,- 

Natural Natural 
Isotope abundance, atom 46 Isotope abundance, atom $ 

l8OW 0 135 1% 30.6 

1 S W  26.4 le% 28.4 

1% 14.4 

INVENTORY FORM: WOs 

Graphite Pocket 

1. 

2. 

Follow steps i n  General Procedures f o r  recovery from graphite 
pocket. 
coated abrasive cloth and it is  sometimes permissible t o  use 
this abrasive cloth rather than the Al203-coated cloth recom- 
mended i n  the  General Procedures, it should be noted that Si02- 
coated cloth would increase the chance of contamination of the 
tungsten sample with si l ica and i ts  use would require an extra 
s t ep  i n  the refinement procedure. 
Transfer graphite pieces t o  quartz boat; then with boat and 
contents i n  a horizontal  Vycor tube ign i te  i n  a stream of oxy- 
gen a t  750°C and continue oxidation u n t i l  graphite is completely 
consumed (this ignition temperature is a compromise based on 
l i t e r a t u r e  references which state tha t  WO3 i s  vo la t i l e  above 
75O"C, l  above 8 5 0 " c , ~  above 800"c i n  V ~ C U O , ~  o r  above gOO"C;" 
t o  t e s t  the va l id i ty  of the 750°C ignition temperature, eight 

Although it is frequently possible t o  obtain Si02- 

'H. H. Willard and H. Diehl, Advanced Quantitative Analysis, p .  218, 

%. H. Furman (ea.), Standard Methods of Chemical Analysis, Vol. I, 

5L. Wohler and 0. Balz, Z. Electrochem. 27: 

%. A. Chalmers, Comprehensive Analytical Chemistry, Vol. I C ,  p.  598, 

Van Nostrand, Princeton, N. J., 1943. 

p. 1162, Van Nostrand, Princeton, N. J., 1962. 

406 (1921). 

C. L. Wilson and D. W. Wilson (eds.), Elsevier, New York, 1962. 



3. 

4. 

5. 

6 .  

7. 

la% col lector  pockets were igni ted  a t  750"C, the off gases 
bubbled through a water trap,  the igni t ion tube washed w i t h  

concentrated m O H ,  and the w a s h  solutions added t o  t r a p  solu- 
t ion  and analyzed f o r  tungsten; none w a s  detected). 
Transfer the WOs-containing residue, i n  -25 g lo t s ,  t o  1000 m l  

p l a s t i c  beakers, add t o  each beaker -750 m l  of concentrated 
%OH which has been filtered, immerse each beaker i n  a steam 
bath, and digest  the solution. Cover the beaker with a flat  

p las t ic  l id ,  using a lead weight t o  hold the l i d  i n  place and 

t o  keep the beaker from tipping as the volume decreases. 
Continue digestion u n t i l  -250 m l  of solution evaporates (this 

should remove most of the 

NH3) 

since commercial N G O H  i s  28 w t  $ 

Remove the beaker from the steam bath, r e f i l l  the beaker w i t h  

concentrated m O H  t o  the or ig ina l  level, and resume digestion 
on the steam bath. 

t i on  period of 8 hr are required t o  e f fec t  solution of the WO3 

(re-ignition and retreatment w i t h  %OH may be repeated should 
a small amount of WO3 remain undissolved after the prescribed 

Usually two additions of N&OH and a diges- 

treatment; should this procedure f a i l  t o  e f f ec t  complete solu- 
t ion,  the WOa can be dissolved by fusion w i t h  8 parts of N a 2 C O 3  

a t  850°C i n  a platinum container, but th i s  is t o  be avoided i f  

possible since alkali m e t a l  ions prevent complete precipi ta t ion 
of tungsten as tungstic acid or w i t h  cinchonine reagent; i f  

fusion is necessary, tannin reagent should be used i n  conjunc- 
t ion  with cinchonine7) 
Filter the alkaline solution through Whatman No.  42 paper t o  
separate any insoluble material (p las t ic  equipment should be 

used with alkaline solutions t o  avoid s i l i c a  contamination). 
Reserve (m)2W04-containing f i l t ra te .  
Heat -250 m l  of concentrated HNOa t o  near boiling on a hot plate, 
remove from hot plate,  and add the (NH4)2WO4 solution from Step 6 

7G. E. F. h n d e l l ,  H. A. Bright, and J. I. Hoffman, Applied Inorganic 
Analysis, p.  685, John Wiley and Sons, New York, 1953. 

... 
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a. 

9. 

10. 

11. 

12. 

51 

while s t i r r i n g  t o  prec ip i ta te  yellow H2WO4. 

solution of HNO3 prevents the formation of white &WO4*2&O, 
which is s l igh t ly  soluble i n  HNO3 and is d i f f i c u l t  t o  f i l t e r  
and wash. 

Digest the &W04-containing mixture on a steam b t h  f o r  20- 
30 min t o  f locculate  the f i n e r  par t ic les .  The color of the 

residue usually changes from a light yellow t o  a dark yellow 
during digest ion 
Cool, decant the clear  liquid, and wash the @WO4 residue onto 
Whatman No. 42 f i l t e r  paper w i t h  10 vol  $ HNO3. 
residue. 
Combine the decanted l iquid from Step 9 and the acid f i l t ra te  
from Step 9. 
volume on a steam bath. Tungstic acid, &W04, crys ta l l izes  
and most of it plates out on the sides and bottom of the beaker 
during the evaporation. 
Filter the mixture on paper, being careful  t o  wash the beaker 
and the plated &WO4 as w e l l  as the loose H2WO4 residue w i t h  

lo$ HNO3, then with dist i l led water. 
Dissolve the plated H2WO4 i n  concentrated NH40H and repeat the 
precipitation w i t h  concentrated HNO3 as i n  Step 7. 
paper and co l lec t  the acid f i l t ra te  and wash solution i n  a 
single beaker. 
solving 125 g cinchonine i n  a l i t e r  of 1:l HC1) t o  the acid 
solution t o  form a precipitate,  heat at  a temperature j u s t  
below boiling f o r  at least 30 min, and cool t o  allow precipi- 
tate t o  settle. Add some ashless paper pulp t o  the solution 
and transfer the precipi ta te  t o  a small f i l t e r  paper using a 
hot cinchonine wash solution. 
Collect f i l t e r  papers containing &WO4 residue and those con- 
t a i n i n g  cinchonine precipi ta te .  
t o  WO3. 

The use of a hot 

Reserve 

Evaporate t o  approximately one-half the or iginal  

Filter on 

Add -5 m l  cinchonine solution (prepared by ais- 

I g n i t e  i n  Vycor dish at 750°C 

'G. E. F. Ijlnde11, H. A. Bright, and J. I. Hoffman, Applied Inorganic 
A n a  p.  61, John Wiley and Sons, New York, 1953. 
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ZIRCONIUM 

Natural 
Isotope ahndance, atom k 

=Zr 51.46 

91~r  I 11.23 

Natural 
Isotope abundance, atom $ 

9 4 ~ r  17.40 

S6& 2.80 

17 11 

TNVENTORY FORM: Z r 0 2  

Copper Pocket 

Follow procedure outlined f o r  recovery and refinement of hafnium 
from copper pockets ( the chemistry of zirconium is so nearly the 
same as that of hafnium tha t  one recovery and refinement procedure 
serves f o r  both elements) 

Graphite Pocket 

Follow procedure f o r  recovery and refinement of hafnium from 
graphite pockets. 

a 
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APPENDIX A: HEALTH AND SAFETY HAZARDS 

The soluble barium salts,' such as Back and Bas, are poisonous when 

taken by mouth. 
Few cases of indus t r ia l  systemic poisoning have been reported, but one 
investigator' describes a fatal  case of poisoning a t t r ibu ted  t o  B O ,  the 

symptoms being abdominal pa in  with vomiting, dyspnea, rapid pulse, paral- 

ys i s  of the r ight  arm and leg, and eventually cyanosis and death. 

same investigator produced paralysis i n  animals  with B O  and -COS. The 

usual r e su l t  of exposure t o  the sulfide,  oxide, and carbonate is irrita- 
t ion  of the eyes, nose, throat, and of the skin,  producing dermatitis; 
these salts a re  somewhat caustic.  

The insoluble Bas04 used i n  radiography is non-poisonous. 

The 

Barium metal dust is a moderate f i r e  hazard when exposed t o  heat or 
flame or by chemical reaction. 

%. I. Sax, Dangerous Properties of Indus t r ia l  Material, p. 332, 
Reinhold Bbl i sh ing  Corp., New York, 1957. 



Even though increased at tent ion has been devoted t o  the hygienic 
significance of cadmium, there are cases of poisoning, usually of unsus- 
pected origin, which appear w i t h  suf f ic ien t  frequency t o  re-emphasize 
the f a c t  t h a t  cadmium i s  a potent ia l ly  dangerous substance.” The care- 
less use of cadmium-coated vessels as food or beverage containers has 
caused many cases of cadmium poisoning, the majority of which have oc- 
curred since January 1941. 
689 cases of cadmium poisoning by ingestion were reported. 

During the 5-year period, 1941 t o  1946, 

The symptoms of cadmium poisoning produced by ingestion are increas- 
ed salivation, choking attacks,  pers is tent  vomiting, abdominal pain, 
diarrhea, and tenesrms . 
ingestion i s  the rapidi ty  cf physiological response .- Usually individuals 
a r e  affected within 15 t o  30 min a f t e r  ingestion of food or drink con- 
taining toxic quant i t ies  of cadmium. 
i n  cases of so-called food poisoning. 

%ne s ignif icant  f eatui-e of cacirnium poisoning by 

This i n  itself should be suggestive 

Fa ta l i t i e s  from cadmium poisoning have resul ted most often from the 
Unfortunately, 

- I  

fumes of CdO ra ther  than the ingestion of cadmium salts. 
CdO fumes have no pronounced odor or immediate i r r i t a n t  e f f ec t  and can 
be breathed i n  f a t a l  concentrations without enough discomfort t o  drive 
the worker away from the exposure. Barrett and h i s  associates” have 
made an  extensive investigation of the  physiological e f fec ts  of exposure 

t o  cadmium and have determined the a0 dose fo r  a number of species of 
animals and the type of pathological e f f ec t  produced by such exposure. 
They estimate that the lethal dose of thermally generated CdO f o r  man i s  
probably not over 2900 min/mg/m3. 

Even though cadmium is toxic, especially i f  inhaled as fumes of CdO, 
it is  not expected t o  const i tute  a serious hazard i n  isotopic recovery- 
refinement techniques since there are few conditions where cadmium might 
be inhaled. 

c 

T. Fairhall ,  Indus t r ia l  Toxicology, 2nd ed., pp. 30-33, The 
W i l l i a m s  and WiLkins Co., Baltimore, 1957. 

l lH.  M. Barrett, D. A. I rwin,  and E. Jemmons, ‘studies on the Toxicity 
of Inhaled Cadmium, I. The Acute Toxicity of Cadmium Oxide by Inhalation,“ 

Toxicol. 29: 279 (1947) 
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CERIUM 

The insoluble salts of cerium, S U L ~  as the oxalate, are stated t o  
be nontoxic even i n  large doses, but a few of the soluble salts, such 
as the tartrate and chloride, do produce injurious action on the heart 
and SmoQth muscle of the intest ines ,  respectively, i f  ingested directly.= 
However, adsorption of cerium salts following o ra l  administration i s  

only s l igh t ,  and cerium is excreted exclusively by the gastrointest inal  
t r a c t .  

Little or no d i f f icu l ty  is  anticipated i n  being able t o  handle 

cerium safely during isotopic recovery and refinement procedures. 

=L. T. Fairhall, Industr ia l  Toxicology, 2nd ed., pp. 33-35, !Be 
Williams and Wilkins Co , Baltimore, 1957. 
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CHLORINE 

Chlorine13 is extremely irritating t o  the mucuous membranes of eyes 
and respiratory t r a c t .  
oxygen and form HC1. 

cause inflammation of the t issues  with which they come i n  contact. 
the lung t issues  are attacked, pulmonary edema may re su l t .  A concentra- 
t ion  of 3.5 ppm produces a detectable odor; 15 ppm, immediate i r r i t a t i o n  
of the throat .  Concentrations of 50 ppm are dangerous, even f o r  short  
periods, and 1000 ppm may be fatal, even where the exposure is brief. 

very low toxici ty ,  while COCl;! (phosgene) is lethal i n  small doses. 
the  metal chlorides usually encountered i n  isotope refinement procedures 
(copper, magnesium, cadmium, s i lver ,  sodium), only CdC12  poses a serious 
hazard i f  inhaled or ingested. 

It combines w i t h  moisture t o  liberate nascent 
Both of the substances, i f  present i n  quantity, 

If 

The toxic i ty  of chlorides varies widely. For example, N a C l  has 

O f  

i 

'?N. I. Sax, Dangerous Properties of Indus t r ia l  Materials, pp. 461, 
463-4, Reinhold Publishing Corp., New York, 1957. 
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CHROMIUM 

The toxic action of chromium is confined t o  the hexavalent compounds 
of chromium.14 Neither the metal nor the t r iva len t  salts shows this 

toxic e f fec t .  
Chromic acid and i ts  salts15 have a corrosive action on the skin and 

The lesions a re  confined t o  the exposed parts, affect-  mucous membranes. 
ing ch ief ly ' the  sk in  of the hands and forearms and the mucous membranes 

of the nasal septum. The character is t ic  lesion i s  a deep, penetrating 
ulcer, which, f o r  the most par t ,  does n o t  suppurate, and which i s  slow i n  
healing. 

Small ulcers, about the s i ze  of 3, mtch head or end of a lead pencil, 
may be found chief ly  around the base of the n a i l s ,  on the knuckles, and 
on the  dorsum of the hands and forearms. These ulcers tend t o  be clean 
and progress slowly. 
They heal slowly and leave scars.  
septum the ulcers are usually accompanied by purulent discharge and crust-  
ing.  

but produces no deformity of the nose. 
ated with cancer of the lungs. 

They are frequently painless even though qui te  deep. 
On the mucous membrane! of the nasal 

If exposure continues, perforation of the nasal septum may re su l t  
Chromate salts have been associ- 

Chromium tr ioxide (or chromic acid) consti tutes both a f i r e  and 

explosion hazard because of i ts  excellent oxidizing properties. With 

organic matter, C r O 3  causes violent reactions; with reducing agents ,  it 

can cause violent explosions. 

'*Lo T. Fairhall, Indus t r ia l  Toxicology, 2nd ed., p. 37, The William 
and WiLkins Co., BEtltimore, 1957. 

"N. I. Sax, Dangerous Properties of Industr ia l  Materials, pp. 484, 
486, Reinhold Publishing Corp., New York, 1957. 



HAFNIUM 

S a l 6  states that the toxic i ty  of hafnium metal, the carbide, oxide, 
and oxychloride is  unknown (see discussion on zirconium, Appendix A, 

page 71). 
t y  hazard because of i ts  comparatively low igni t ion temperature. 
has reported that hafnium, freshly prepared i n  vacuo, is so  react ive 
that no deoxidizers f o r  it are known. 

Hafnium metal i n  the f ine ly  divided state is  E? d i s t inc t  safe- 

KnollL7 

Since hafnium metal is highly flammable i n  the dry state, hafnium 
powder should be moistened with water t o  make it s&er t o  handle. 

other f i n e l y  divided metals, the powder produces an explosive mixture i n  
the presence of oxidizing agents such as B a ( N O 3 ) z  or KC103. 

Like 

. r  

c 

L 

.- 

'%I. I. Sax, Dangerous Properties of Indus t r ia l  Materials, p. 746, 
Reinhold Fublishing Corp., New York, 1957. 

17W. J .  Knoll, "Production and Uses of Rare Metals, " Mining and - kt 27: 262-6 (1946). 
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Indium is toxic on subcutaneous inject ion i n  amounts of from 7- 
30 mg/kg body weight'' o r  on intravenous injection, but it cannot be 

said t o  have a suf f ic ien t ly  high tox ic i ty  rating t o  be of any great 
indus t r ia l  significance. I n  animals large quant i t ies  of the hydroxide 
ingested over a period of 2 weeks show no apparent toxic effect." It 
has been found that the metal and i ts  salts possess no skin irr i tant 
properties. 20 

Indium consti tutes only a moderate f i r e  hazard even i n  the form of 
dust when exposed t o  heat or flame.21 

.. 

laC. P. McCord et s., '"he Physiologic Properties of Indium and 
i ts  Compounds," J. Ind. Hyg Toxicol. 24: 243 (1342) . 

'9.1. F. Von Oettingen, "Notes on Toxicity and Pharmacology of Indium," 
Proc. SOC. Exptl. B io l .  Mea. 29: 1188 (1932). 

2oL. T. Fairhall, Industr ia l  Toxicology, p. 62, The Williams and 

21N. I. Sax, Dangerous Properties of Indus t r ia l  mterials, p. 780, 

Wilkins Co., Baltimore, 1957. 

Reinhold Rtblishing Co., New York, 1957. 
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b a d  poisonine2 is  one of the most common occupational d iseaszs .  

The presence of lead-bearing materials or lead compounds does not neces- 
sarily re su l t  i n  exposure t o  the individual since the lead must be i n  
such a form and must be distributed i n  such a way that entrance t o  the 

body t issues  is  i n  measurable quantity. Entry in to  the body may be by 
(1) inhalation of dust, fumes, mists, or vapors; (2) ingestion of lead 
compounds trapped i n  the upper respiratory t r a c t  or  introduced in to  the 

mouth on food, tobacco, f ingers,  or other objects; and (3) absorption 
through the skin.  Only organic compounds, such as Pb(cH;2CH3)4, pose a 

real hazard by absorption; l i t t l e  danger is involved i n  t h i s  respect i n  
the handling of inorganic forms of lead. 

When lead is ingested, much of it passes through the body unabsorb- 
The greater  portion of the lead tha t  ed and is  eliminated i n  the feces. 

i s  absorbed goes t o  the l i ve r  and is  par t ly  excreted i n  the bile. For 

this reason larger amounts of lead are necessary t o  cause poisoning by 
ingestion than by inhalation, and a longer period of exposure is  usually 
necessary t o  produce symptoms. 

When lead is inhaled, absorption takes place easily from the respi-  
ra tory t r a c t  and symptoms develop more rapidly. Hence, from the point 
of view of indus t r ia l  poisoning, inhalation of lead is much more hazard- 
ous than ingestion of lead. Lead is  a cumulative poison; increasing 
amounts build up i n  the body and eventually a point may be reached where 

symptoms and d i sab i l i t y  occur. 
Lead metal is  only a moderate f i r e  and explosion hazard even though 

the metal is  known t o  be pyrophoric i n  the f ine ly  divided state. 
it is dangerous when heated because it emits highly toxic fumes that can 
react  vigorously with oxidizing materials. Essentially the same dangers 
apply t o  lead compounds. 

However, 

had-210 is a naturally occurring radioactive isotope, primarily 
found i n  uranium-bearing minerals and ores The ha l f - l i f e  f o r  210Pb is  

22N. I. Sax, Dangerous Properties of Indus t r ia l  Phterials, pp. 817- 
19, Reinhold Publishing Corp., New York, 1957. 
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22 years; it is a beta emitter (0.028 meV) and a gamma emitter (0.008, 

0.046 meV>. 

daughters, 210Bi and 210Po, may cause excessive i r rad ia t ion  of the blood- 
forming organs. A l l  three are encountered i n  processing radiogenic lead. 

Like other lead isotopes, it is  a bone-seeker, and its 
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Metallic osmium is innocuous, but osmium(VII1) oxide, Os04, has 
long been recognized as dangerous because of i t s  i r r i* ta t ing  e f fec t  .23 
One authentic f a t a l  czse reported b;r Raymond i n  1874 resul ted from the 
inhalation of Os04 7ihich gave r i s e  t o  a capi l lary bronchitis. 
around 1 i g h t s " i s  a character is t ic  symptom of exposure t o  the tetroxide 

resul t ing from the i r r i t a t i o n  of the eyes. The principal  e f fec ts  of 
exposure a re  those of occular disturbances, an  asthmatic condition re- 
su l t ing  from inhalation, and a dermatis and ulceration resul t ing from 
skin contact. 

The '"nalo 

The one s tep i n  the chemical recovery and ref inement  of osmium 
isotopes of par t icular  hazard t o  the  chemist is  the igni t ion of osmium- 
bearing graphite i n  oxygen because Os04 is  formed. 
cautions are recommended: (1) the oxidation should be carr ied out i n  a 
closed system (i.e., an e f f i c i en t  chemical trapping system should be 

used f o r  off-gases), (2) the tube furnace and accessory equipment should 
be installed i n  a fume hood, and (3)  a l l  jo in ts  involved i n  the igni t ion 
system should be made of glass  or quartz and checked constantly f o r  
l e e .  

The following pre- 

- -  

*'I,. T. Fairhall ,  Indus t r i a l  Toxicology, 2nd ed., p.  87, The Williams 
and Wilkins Co., Baltimore, 1957. 
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PALLADIUM 

'!No cases of indus t r ia l  poisoning from palladium have been reported 
i n  the l i t e r a tu re  of indus t r ia l  hygiene. 

24L. T. Fairhall ,  Indus t r ia l  Toxicology, p.  126, The Williams and 
Wilkins Co., Baltimore, 199. 
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PLATINUM 

Dusts of metall ic platinum and dusts or  sprays of cer ta in  salts of 

platinum (such as the chloroplatinates) are very i r r i t a t i n g  t o  the respi-  
ratory system. These dusts or sprays cause sneezing, t ightness of chest, 
shortness of breath, running of the nose, cyanosis, and 

However, these same forms appear t o  have no hygienic significance. 
Therefore, no health hazard is  anticipated i n  the chemical recovery and 

refinement of separated platinum isotopes. 

c 

25L. T. F’airhall, Industr ia l  Toxicology, 2nd ed., pp. 94-5, The 
Williams and Willcins Co., Baltimore, 1957. 



POTASSIUM 

Most salts of potassium are  non-toxic2' even i n  fairly high concen- 
' 

t ra t ions .  
HCN. 
with the  extremely reactive metal i t se l f .  

-lOO°C, and w i t h  acids t o  release hydrogen instantaneously. 
vigorously with the halogens, i g n i t i n g  w i t h  bromine and iodine. 
t e n  metal reacts w i t h  su l fur  and with &S. 

a t  2OO0C, rapidly at 350 t o  400°C. 

An exception is  KCN which readily reacts  with water t o  produce 
The major hazard encountered i n  handling potassium and i ts  salts is 

b t a l l i c  potassium reacts  vigorously with oxygen, with water even a t  

It reacts  
The mol- 

It reacts  with hydrogen slowly 

Suitable handling procedures should be reviewed pr ior  t o  each sepa- 

rat ion series t o  acquaint the chemist w i t h  past practices and with any 
new variable. 
intentional)  the potassium-39 isotope col lector  exploded during careful  
disassembly. 

avoid future  d i f f i cu l t i e s  with the metall ic deposits: 

On two separate occasions (once accidental, the second 

The following precautions were suggested as methods t o  

1. Devise a p l a s t i c  box or cover f i t t e d  w i t h  portholes in to  which 
the col lector  assembly is placed immediately upon w i t h d r a w a l  from the 
calutron tank. 

2. Dismantle the receiver assembly inside the p l a s t i c  box and t r a n s  
port  the individual col lector  pockets t o  the laboratory i n  a protective 
enclosure. 

3.  Process the receiver pockets chemically behind a n  explosion- 
proof shield as soon as feas ib le  using conventional techniques. 

4. Use safety equipment, such as gloves, respirator,  and safety 
glasses when starting chemical recovery from the collector pockets. 

26p. G. Stecher (ea.), The Merck Index of Chemicals and Drug 6, 
p. 836, Merck and Co., Inc., Rahway, New Jersey, 1960. 



O f  the chemical forms of ruthenium encountered i n  a recovery and 
refinement procedures, only the tetroxide is said t o  be hazardous .27 

Ruthenium(VII1) oxide, RuO4,  is a powerful oxidizing agent and as such 
consti tutes a moderate f i re  hazard i f  permitted t o  react  w i t h  reducing 
agents. 
use, but it is said t o  be injurious t o  the eyes and lungs. 

Its tox ic i ty  is not well known because of its limited indus t r ia l  

.- 

c 

27N. I. Sax, Dangerous Properties of Indus t r ia l  Materials, p. 1088, 
Reinhold Fublishing Corp., New York, 1957. 



. Strontium is s imilar  t o  calcium i n  its chemical and physiological 
properties and, like calcium, is a bone seeker when soluble f o m  are 
ingested or when injected intraveneously.28 
similar i n  the metall ic state, both giving hydrogen i n  t h e i r  reactions 
w i t h  acids.  
t i ve ly  innocuous from a toxic i ty  view even when ingested i n  quantit ies 

The two are a l so  qui te  

m e  usual salts of strontium (also like calcium) are rela- 

UP t o  250 mg. 
The major hazard i n  handling strontium through chemical recovery 

and refinement procedures is expected t o  be w i t h  dissolution of the 
metallic deposit i n  the col lector  pockets. 

28L. T. Fairhall ,  Industr ia l  Toxicology, 2nd ed., pp. 110-111, The 
Wil l iams and Wilkins Company, Baltimore, 1957 
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So far no experimental work has been reported which indicates t ha t  
tantalum or i t s  compounds produce any unfavorable e f fec ts  .*' 

29L. T. Fairhall ,  Industr ia l  Toxicology, 2nd ed., pp. l lg -EO,  %e 
William and Wilkins Co., Baltimore, 1957. 

/- 

e. 



TITANIUM 

I n  1930, c a r o ~ z i , ~ ~  a f t e r  reviewing the literature, concluded that 

because of i ts  chemical iner t ia ,  Ti02 is not toxic." 
described the properties of various t i t an ium salts with regard Zo solu- 
b i l i t y ,  acidity,  and action on the s k i n  and concluded that some could 

Uter, &rib&6= 

be used therapeutically f o r  various sk in  conditions. 
The metal is qui te  reactive t o  oxygen at  a red heat, especially so  

For example, i n  one instance a 10-mg when the metal is f ine ly  divided. 
sample of finely-divided titanium blew the end out of a quartz reactor 
when the titanium was being oxidized a t  elevated temperatures w i t h  pure 
oxygen. 

Titaniwn(IV) chloride, the preferred charge material i n  isotopic 
separations, is  irritating and corrosive33 since it hydrolyzes t o  HC1 

when exposed t o  moisture. 
Any toxic i ty  of titanium organic compounds can usually be attrib- 

uted t o  the organic constituents, and the dangers i n  handling can be 
established by checking the toxic i ty  of the parent organic substance. 

The only precautions needed i n  handling isotopical ly  enriched Sam- 

ples of titanium are i n  i g n i t i n g  graphite col lector  pockets which pos- 
sibly contain f ine ly  divided t i tan ium metal. 

'OL. Carozzi, Occupation and Health, Vol. 11, p. 1058, ,International 
Labor Office, Geneva, 1930. 

'lL. T. a i rhal l ,  Industr ia l  Toxicology, 2nd ed., pp. 26-8 ,  The 
Williams and Wilkins Co., Baltimore, 1957. 

=Me &rib&6, ' b s  compos& du l e  t i t a n e  e t  l'hygiene,"Ann 

9. I. sax, Danperous Properties of Indus t r ia l  m t e r i a l s ,  p. 1190, 

publ. ind.  sociale, 18: 133 (1941); Chimie e t  industrie,  47: '-??&%$%I. 

Reinhold Publishing Corp., New York, 1957. 



TUNGSTEN 

Recent experimental work i n  the Indus t r ia l  Hygiene Division of the e= 

U. S. Public Service has f a i l e d  t o  indicate any serious toxic effect34 
following the inhalation or  ingestion of various tungsten compounds, 
although heavy exposure t o  the dust or  ingestion of large amounts of the 
soluble compounds produces a cer ta in  amount of morbidity and mortality. 

No health hazards are expected i n  the recovery and refinement of 
tungsten isotopes. 

L 

34L. T. Fairhall, Indus t r ia l  Toxicology, 2nd ed., pp. 128-9, The 
Williams and Wilkins Co., Ealtimore, 1957. 
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z I R c o m  

Zirconium has only a m i l d  pharmacological action3' and may even 
lack physiological e f fec t  i n  small amounts .'* The zirconium compounds 
used i n  technical work are, i n  general, insoluble, and no occupational 
case of systemic poisoning of man has been reported. 
.tered frequently i n  isotope collection and refinement, i s  physiologically 
iner t ;  i n  fact ,  it has been employed medicinally i n  roentgenography as a 
subs t i tu te  f o r  bismuth salts 

The oxide, encoun- 

F ine ly  divided zirconium metal i s  a d i s t inc t  safety hazard because 
of its low igni t ion t empera t~ re . ' ~  
state and burns w i t h  an intensely b r i l l i a n t  flame. 

of the dry  powder are r e p ~ r t e d ' ~  t o  range from 151 t o  16OoC, depending 
on the grade. 
f r i c t i o n  (reportedly even more easily than magnesium powder) and explodes 
spontaneously when dispersed in to  the air as a cloud. 
divided metals, the powder w i l l  produce an explosive mixture with oxidiz- 
ing agents such as Ba(NO3)z or KC103. 

Zirconium powder moistened with water is much safer  than the dry 

powder; however, i f  igni ted the damp powder burns more violently than 
the dry. The powder containing 5-lOk water is  considered the most dan- 
gerous i f  ignited.  
of sub-sieve zirconium powders by measurements of igni t ion temperature, 
burning time, and igni t ion energy. 
ter  of -10 microns represented the dividing l i n e  between hazardous and 

It is highly flammable i n  the dry 
Ignition temperatures 

It may be igni ted by heat, s t a t i c  e l ec t r i c i ty ,  or simple 

Like other f i n e l y  

H. C. Andersen and L. H. Belz'" studied the ac t iv i ty  

They reported that a par t ic le  diame- 

=L. T. Fairhall ,  Industr ia l  Toxicology, pp. 191-4, The Williams 
and Wilkins Co., Baltimore, 1949. 

"L. knd le ,  Titanium and Zirkonium i n  Handbuch der Ekperimentellen 
Pharmakologie, Vol. 3, H. Heffter (ea.), J. Springer, Berlin, 1934, 0. 1558. 

a7G. L. Miller, Zirconium, 2nd ed., pp. 488-93, Wltterworths 
Sc ien t i f ic  Publications, Lnndon, 1957. 

'8National Safety Council, Zirconium, Data Sheet D-Chem 45, Chicago, 
PP. 4-89, 493. 

3%. C. Andersen and L. H. Belz, 'Factors Controlling the Combustion 
of Zirconium Powders," J. Electrochem. SOC. 100: 2403 (1953) 
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non-hazardous diameter ( t h i s  did not apply t o  powders consisting of 
agglomerates of par t ic les  smaller than 10 microns) ; the presence of 
residual oxide had no ef fec t  on the temperature of ignition--some of 
the 1017eSt ignit ion temperatures noted were f o r  incorxpletely reduced 
powders. 
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Fuming Ni t r ic  Acid 

Fuming n i t r i c  acid should be handled i n  the fume hood with adequate 
vent i la t ion.  
be worn. 

Proper eye protection equipment and rubber gloves should 

Perchloric Acid 

Perchloric acid at  concentrations of 85% or greater  is explosive on 
standing but is stable indefini te ly  at  60% or  even at 72%. 

t r a t ed  HC104 is dangerous i n  the presence of organic matter and should 
not be heated i n  a mixture of organic substances such as alcohols since 
explosive alkyl perchlorates are formed. 

Hot concen- 

If HC104 is handled properly with safe ty  precautions observed, there 

is l i t t l e  r i s k  involved i n  i ts  use. 
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APFEM>m B: REMOVAL OF IMPURImS 

BARIUM 

Strontium Impurity 

Strontium( 11) n i t r a t e  precipi ta tes  quant i ta t ively from 79-815 IINOs. 

%us, if strontium appears i n  the barium refinement, it w i l l  be detected 
spectrochemically in the product. 
impurity, especially when copper col lector  pockets are used, if  strontium 
should be detected spectrochemically i n  the B a ( N 0 3 ) ~  product, it can be 
removed by aa additional procedure: 
hot water, the solution is made s l igh t ly  alkaline w i t h  f i l tered m0H 

and then  s l i gh t ly  acidic  with d i lu t e  H C 2 H a 0 2  ( fo r  the best strontium 
separation the concentration should not exceed 0.4 g barium/200 m l  solu- 
t ion);  (2) an excess of NH4rC2H302 is added, the solution heated t o  near 
boiling, and a slight excess of (NH4)2Cr04 solution added; the mixture 
i s  digested on a steam bath and the precipi ta te  allowed t o  s e t t l e  after 

tes t ing for complete precipitation; (3) the mixture is cooled and cen- 
trimed, and the residue washed several  times w i t h  hot water; (4) the 

chromate residue i s  dissolved i n  hot 1:l HNO3 and the solution evapora- 
ted t o  near dryness; (5) the residue is  dissolved i n  a minimum, but 

known, quantity of hot water and the  barium is precipi ta ted w i t h  fuming 

n i t r i c  acid (see procedure f o r  barium refinement); (6) the dissolving, 
evaporating, and precipi ta t ing are repeated t o  remove the last t race  of 
the chromate ion, and the &(NO312 crystals  are collected on a medium- 
frit glass funnel, washed with 76% HNO3, and dissolved i n  hot water; the 

While it is seldom encountered as an 

(1) the nitrates are dissolved i n  

solution is evaporated t o  dryness on a steam bath and the residue trans- 
ferred t o  a drying oven t o  dry f o r  2 h r  at  130-140"C. 

Iead and Strontium Impurities 

If both lead and strontium are detected i n  the &(NO312 product, 
these impurities should be removed by the following procedure: 
Ba(N03)~ is dissolved i n  water and concentrated HN03 added t o  make a 

(1) the 

-. 
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20 w t  k HNO3 solution; the solution is electrolyzed between platinum 
electrodes, with constant s t i r r ing ,  a t  -6 V, and the lead impurity is 
collected on the anode as Pb02; ( 2 )  the electrodes are removed very 
carefully and washed with dist i l led water, and the washings are added 
t o  the solution; the solution is evaporated t o  near  dryness t o  remove 
excess HNO3 and the nitrate crystals  redissolved i n  water ( i f  there is 

any evidence of s i l i c ious  matter, the mixture should be fi l tered);  (3) 
at least 10 ml of NH4C2H302 reagent (prepared by dissolving 300 g NH4C2H302 

per l i ter  of solution and followed by neutralization w i t h  NH4OH) is added 

t o  the neutral  or  weakly acidic solution, the solution is heated t o  boil-  
ing, and while s t i r r ing ,  5 m l  of a solution of (NK4)&207 (100 g of 
sulfuric-acid free (NH,&~Cr207 per l i t e r  solution) is added; the precipi- 
tate is allowed t o  settle and 5-ml portions of reagent are added u n t i l  
precipi ta t ion is  complete; (4) the prec ip i ta te  is  aga in  allowed t o  settle, 
the c lear  l iquid decanted through a sintered-glass funnel w i t h  the a id  

of vacuum, and the prec ip i ta te  washed with an  NH4C2H302 w a s h  solution 
(20 m l  of the reagent described i n  Step 3 diluted t o  one l i ter)  u n t i l  
the  f i l t ra te  is no longer colored; ( 5 )  the precipi ta te  is dissolved i n  a 
small volume of w a r m  1:4 HNO3, and the  solution is fi l tered t o  dissolve 
any B a C r O 4  tha t  may have been transferred with the supernate; suf f ic ien t  
acid is added t o  be sure a l l  the so l id  dissolves, the  solutions combined, 
and 1:l &%OH added slowly and  with s t i r r i n g  u n t i l  the  precipi ta te  t h a t  

forms again no longer dissolves; ( 6 )  at l eas t  10 ml of P I ' H ~ C ~ I ~ O ~  solution 
(Step 3) is  added, the l iquid heated t o  boiling while s t i r r ing ,  and the 

precipi ta te  washed by decantation w i t h  NH4C2H3O2 solution (Step 4) j the 
precipi ta te  is  again dissolved i n  a small volume of w a r m  1:4 HNO3 and 

the mixture f i l t e r ed ;  the f i l t ra te  is transferred t o  a beaker and evapo- 
rated t o  low volume; the barium is recovered and purif ied by precipita- 
t ions from 76 w t  $ HNO3 solutions as described i n  the  Specific Procedure 
f o r  barium (copper pocket) beginning with Step 5. 



Bromine Impurity 

Since the chemical recovery system is a l so  quantitative f o r  bromine, 
a special  procedure4' must be added i f  bromine is  a suspected impurity: 
(1) the N a C l  is dissolved i n  water and the solution transferred t o  a 
300-ml three-neck d i s t i l l i n g  flask;41 (2) the solution is d i lu ted  t o  
90 m l  and 10 m l  of re-distilled €IN03 is added; ( 3 )  the solution is  re- 
fluxed f o r  2 h r  while a stream of halide-free air is pulled through the 
system; (4) the heat is increased, 10 m l  of solution d i s t i l l ed ,  and dis- 

t i l la te  allowed t o  stand; ( 5 )  the enriched chloride is recovered through 
the AgC1-& reduction method described i n  Specific Procedures f o r  chlorine 
or by the method of Snields, e t  al.40 -- 

4%. R. Shields e t  a1 "A3solute isotopic abunbnce ra-lio End t h e  - -9 
atomic weight of chlorine, " J. b. aiem. Soc . 84: 1519-22 (lgG2) . 

"IT. J. Muphy, 11. S. Clabaugh, and R.  Gilchrist ,  J. Research N a t l .  
Bur. Standards 53: 13-18 (1954). 
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LEAD 

-. 

'L 

Barium and Strontium Impurities 

Barium, strontium, and lead nitrates are precipitated from nitrate 
solution when the HNO3 concentration is 2'76 w t  $. Hence, recovering one 
of these three elements, exclusive of the other two, requires analyt ical  
separation techniques. Lead can be removed from both barium and stron- 
tium by electrolyzing the lead, as Pb02, onto the anode from a solution 
that is  20 w t  $ HNO3; barium can be precipitated ( a f t e r  lead has been 
removed) w i t h  chromate ion, leaving strontium i n  solution; strontium can 
then be concentrated and recovered from the nitrate solution (following 
lead and barium removal) by precipi ta t ing with 80% w t  $ HNO3. 
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STRONTIUM 

Bazium and Lead Impurities 

See discussion under Lead, Appendix B, p. 77. 

..- 

c 
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TUNGSTEN 

S i l i c a  Impurity 

Although attempts are made t o  prevent Si02 contamination of tungsten 
by using A1203 abrasive i n  cleaning pockets and by using p l a s t i c  instead 
of glass equipment f o r  alkaline solutions, spectrographic analysis of the 
purif ied WO3 occasionally shows s i l i c a  as a n  impurity. 

If the leve l  of impurity is X.576, the s i l i c a  should be removed by 

the following procedure: 
t o  a platinum dish and moistened first with concentrated &SO4, then with 

(HI?), (-10 ml of each reagent); (2) the moistened residue is heated t o  
complete dryness on a hot p la te  i n  a fume hood, and the dry residue is  
t ransferred t o  an  e l ec t r i c  muf'fle fkrnace and heated fo r  1-2 h r  at  75OoC 
t o  drive off the s i l i con  as SiF4 (the &SO4 was added t o  prevent vola- 
t i za t ion  of the tungsten); the procedure is repeated i f  the s i l i con  
content remains too high. 

(1) the WO3 i s  transferred from the Vycor dish 
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APPENDIx:C: SPECIAL PIiEPARATIONS FROM INVENTORY FORMS OF ISOTOPES 

BARIUM 

B C O q  

1. Weigh the correct  quantity of €?a(NO3)2 ( the preferred inventory 
f o r d  needed t o  f i l l  the request (gravimetric factor :  
B a ( N O 3 ) z  = 1.903), t ransfer  the salt t o  a p la s t i c  beaker, and 
dissolve the salt i n  dis t i l led water. 
pletely soluble i n  water; hence, there should be no insoluble 
residue. However, i f  any insoluble matter is observed, it 
should be removed by f i l t r a t i o n  through Whatman No. 42 paper 
of the appropriate size.)  
Precipi ta te  B C O 3  from the nitrate solution by the addition of 
a n  excess of so l id  (N'J&)&Os. 

Separate the white insoluble carbonate by centrifugation i n  

Ba to 

(Barium nitrate is com- 

2. 

3. 
high-temperature p l a s t i c  centrifuge tubes, wash with water t o  
remove a l l  NI-LQIOs, then wash with acetone t o  remove the excess 
water, and f i n a l l y  dry the  so l id  i n  an e l e c t r i c  drying oven at  
-200 O C  . 
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Cadmium Metal 

NMIE: This procedure is  based on 10 g of contained cadmium/liter of 
solution. 

1. Dissolve the required quantity of CdO t o  f i l l  the request i n  a 
minimum quantity of 6 &SOB. 

2. Evaporate the resul t ing solution t o  near dryness on a steam 
bath t o  ensure complete solution; then d i lu te  with water. (No 
residue should be detected at  this point; however, i f  there i s  

any indication of insoluble matter, it should be removed by 
f i l t r a t i o n  on Whatman No. 42 f i l t e r  paper.) 

3 .  Precipi ta te  Cd(0H)Z from solution by adding 10 NaOH dropwise 
u n t i l  the solution becomes basic t o  phenolphthalein indicator. 

4. Add concentrated (10%) NaCN solution slowly while s t i r r i n g  u n t i l  
the Cd( OH)2 j u s t  dissolves, forming the stable tetracyanocadmi- 
umate(I1) ion, [Cd(CN)4]2-. 

cyanide i n  order t o  minimize electrode at tack during electroly- 
sis. Follow Steps 5-7 t o  prepare powdered cadmium metal. Check 
Steps 8-11 f o r  modifications fo r  preparing cadmium metal su i t -  
able f o r  ro l l ing  in to  f o i l s .  
Dilute the solution t o  -750 m l  and begin electrolysis  between a 
platinum anode and a tantalum rod cathode (the tantalum rod 
should be smoothed by crocus cloth pr ior  t o  insertion i n  solu- 
t ion  i n  order t o  e f f ec t  easy removal of metal from cathode). 
Cover the p la s t i c  beaker with a p l a s t i c  l i d  that has an opening 
i n  the center f o r  the tantalum rod; the cover prevents the loss 

of solution by spraying. 
e lectrolysis  with a Teflon-coated magnetic stirrer bar. 

Add Na2S04 crystals  t o  the stirred solution u n t i l  the current 

Carefully avoid an excess of 

5. 

S t i r  the solution throughout the 

6 .  
reaches 3 amps. Allow the  electrolysis  t o  continue a t  3 amps 

u n t i l  cadmium fails  t o  appear on a freshly exposed surface of 
the tantalum rod. (Approximately 5 g of cadmium metal is  de- 

posited i n  an 8-hr period at  3 amps .) 
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7. Remove powdered cadmium m e t a l  from the tantalum rod by gentle 
scraping w i t h  a small stainless steel spatula. 
If metal sui table  f o r  ro l l i ng  in to  f o i l s  is desired, electrolyze 
the complexed cyanide solution (Step 4) at -1 amp f o r  a longer 
period of t i m e  t o  give flakes instead of powder on the electrode. 

8. 

9. Remove cadmium f romthe  tantalum rod w i t h  a spatula, transfer 
the metal t o  a stainless steel  die, and press the metal in to  a 
small pellet. 
Melt the pellet i n  a graphite crucible under argon using oxalic 
acid c rys ta l s  as fluxing agent. 
Dissolve oxalic acid i n  water, wash the cadmium pellet with 

acetone, and dry a t  low temperature. 

10. 

11. 

C d C q  

1. Dissolve the required quantity of CdO i n  6 - M H&O4. 

Whatman No. 42 paper if any insoluble matter is observed. 
Precipi ta te  cadmium from the su l f a t e  solution by adding an  
excess of so l id  &Os .  (To achieve quantitative precipita- 
t ion  of C d ( C O s ) z ,  excess ammonia should be removed by digestion 
on a steam bath, and t i e  precipi ta te  should be aged by s tanding  

overnight at  room temperature and at  a pH of about 8.) 
3. Separate the carbonate by centrif'ugation i n  p l a s t i c  centrifuge 

tubes. Wash several  times w i t h  water t o  remove su l f a t e  ion. 
4. Wash the so l ids  from the centrifuge tubes t o  a Pyrex beaker 

first w i t h  water, then w i t h  1:lO HC1. 

make the solution d i s t inc t ly  acidlc.  
Evaporate t o  a dry s o l i d  on a steam bath. 

salt t o  E O 0 C  t o  obtain anhydrous CdC12. 

F i l t e r  on 

2. 

Add enough 1:l H C l  t o  

5. Heat the hydrated 



Anhydrous HC1 is sometimes preferred rather than NaC1, the  usual 
inventory form. Likewise, free chlorine has been requested. 

Anhydrous H C l  

1. 

2. 

3. 

4. 

6. 

7. 

Weigh the theoret ical  quantity of N a C l  needed t o  f i l l  the re- 
quest, t ransfer  the sample t o  an  appropriately s ized beaker, 
and dissolve the salt i n  dis t i l led water. 
Add enough concentrated HNO3 t o  give a solution 1_M i n  HNO3, 

and precipi ta te  the chlorine as AgC1 by the addition of an  
excess of 1 M - AgNO3 solution. 
the procedure t o  prevent the introduction of chlorine, HC1 f o r  
example, of natural  origin. 1 
Centrifuge the precipi ta te  using Pyrex centrifuge tubes. 
the prec ip i ta te  carefully with HC1-free d i s t i l l e d  water, then  
w i t h  alcohol, and f i n a l l y  with acetone t o  f r ee  the precipi ta te  
of most of the water. 
Dry t he  precipi ta te  i n  an e l ec t r i c  drying oven at  -2OOOC t o  
remove the remining occluded water. 
usual ly  a small pellet, t o  a small porcelain boat and place the 
boat i n  a quartz tube f i t t e d  w i t h  standazd taper or semi-ball 
jo in ts  f o r  gas entry and an  exit trapping system (Fig. 5 ) .  
H e a t  the quastz tube by a n  electric tube furnace mounted i n  a 

horizontal position irith helium flowing over the sample. 
gradually t o  700°C and t r ap  any water present i n  a Cas04 drying 
tube . 
S t a r t  & flowing slowly while the helium is s t i l l  flowing, but 
gradually reduce the helium while increasing the &. Heat f o r  
-1 hr at  700°C; the vhi te  salt  should have 'men converted t o  
powdered s i lve r  metal i n  this time* 
Resume the flow of helium and stop the hydrogen flow. A s  soon 
as it is  cer ta in  tha t  a l l  & has been removed, i so l a t e  the HC1 

by sealing at constriction A shown i n  diagram. 

(Care must be taken throughout 

Wash 

Transfer the dried sample, 

Heat 
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8 .  

9. 

cq 

Open the stopcock t o  the vacuum system at  C and allow t o  pump 
f o r  5-10 min t o  remove most of the helium flush-gas. 
system s t i l l  under vacuum, s e a l  a t  constriction B, thereby iso- 
la t ing  the HC1 i n  the l iquid N 2  t r ap  i n  a re la t ive ly  pure state. 
Immerse the break-seal i n  l iquid N 2  and slowly withdraw the 
cooling t r ap  from the "U''tube, thereby allowing HC1 t o  t ransfer  
t o  the break-seal. 

the break-seal from the rest of the equipment. 

With the 

Isolate  the sample f o r  shipment by sealing 

Chlorine gas is usually prepared by oxidizing C1' w i t h  &02 or Mn02. 
Since 02 and &O vapors are expected gaseous impurities, a system tha t  

permits removing these impurities must be provided. 
1. Weigh the theoret ical  quantity of N a C l  needed t o  f i l l  the request 

( C 1 2  t o  N a C l  = 1.648). 
Dissolve the sample of N a C l  i n  a minimum of d i s t i l l e d  water and 
t ransfer  the resul t ing solution t o  a 300 m l  three-necked d i s t i l -  

l ing f l a sk  equipped with a gas i n l e t ,  a dropping funnel, and a 

2. 

gas ex i t .  
Connect the al l -glass  system (Fig. 6 )  which consists of reaction 
flask, condenser, M g ( C 1 0 4 ) 2  drying trap,  a "U" tube cooled with 
l iquid N2, and a product bulb (or  break-seal) of larger volume 
than the requested amount of gas. 
systems so  tha t  helium may be used as a f lush gas while chlorine 

3 .  

Provide two separate exhaust 

is  being liberated and a vacuum system tha t  w i l l  reduce the pres- 
sure i n  the t r ap  and bulb and allow t ransfer  i n to  the product 
bulb following completion of the reaction. (A d i lu te  solution 
of NaOH works well fo r  the exhaust t r ap  since it w i l l  t r ap  any 
chlorine t h a t  might escape the cooling t rap.)  
Add 2 g of Mn02 t o  the reaction f lask  fo r  each 70 rng of contained 
C l p ,  connect a l l  joints ,  and f lush the system with helium through 
the sodium hydroxide scrubber solution (MnOz method taken from 
Townes and Aamodte). 

4.  

=C. H. Townes and L. C.  Aamodt, %clear Spin and Quadrupole Moment 
of C136", Phys . Rev. 76: 691-2 ( 1 9 9 )  
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5. Stop the helium flow and introduce -0.2 m l  of concentrated &SO4 

t o  the solution from the dropping funnel (for each 70 mg of 
chlorine).  
t o  - 8 0 " ~  t o  complete the evolution of c k .  
A s  soon as the reaction has ceased, close stopcock A (Mg. 6 )  
a t  the reactor and stopcock B t o  the scrubbing solution and open 
stopcock C t o  the vacuum pump. 
might have been generated during the oxidation s t ep  t o  be re- 
moved and the small volume evacuated so tha t  the chlorine can 
be transferred. 
Pump f o r  only 5-10 min, then seal at  the constrictions D and E 

t o  i so l a t e  the "U" tube and the product container. 
s t ep  should be held t o  a minimum, otherwise enriched chlorine 
gas w i l l  be lo s t .  
normal material f o r  quantitativeness pr ior  t o  converting the 

enriched sample and w a s  found t o  be 3 5 s  e f f i c i en t  when the 

pumping time w a s  r e s t r i c t ed  t o  about 10 mine)  
Remove the Dewar flask containing l iquid N2 from the "U" tube 
and re-position the f lask  so  that l iquid N2 covers the product 
bulb. 
product bulb and remove the bulb f o r  shipment. 

Re-start the helium flow and w a r m  the reaction flask 

6 .  

This permits any oxygen that 

7 .  
(The pumping 

The procedure described here w a s  tested with 

8. 

After about 15 min close stopcock F which i so la tes  the 



C r O g  

1. 

2. 

3. 

4. 

5. 

6.  
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CHROMIUM 

Weigh the theore t ica l  quantity of C r 2 O 3  necessary t o  f i l l  the 

request (gravimetric factor :  
the oxide t o  a Pyrex beaker, and add 20 m l  of 705 HC104 fo r  any 
weight of Cr2O3 up t o  1 g o  

f o r  each additional gram or f ract ion of a gram.) 
Cover the beaker with a close f i t t i n g  watch glass and heat on 
a steam bath (or other controlled heating source) u n t i l  the 

C r 2 O 3  is completely dissolved; the solution should be a c lear  
green . 
Place the beaker on a hot p la te  located i n  an e f f i c i en t  fume 
hood,43 and heat u n t i l  (a) the HC104 begins t o  fume, (b) the 

green color completely disappears, and (c) the chromium pre- 
c ip i t a t e s  as orange-red crystals  of C r 0 3  .44 

A l l o w  the beaker and contents t o  cool t o  room temperature; then  
transfer the c rys ta l s  t o  a sintered glass vacuum funnel with 

the a id  of a stream of cold 70% HC104. 

transferred t o  a funnel as soon after cooling t o  room tempera- 
t u re  as possible since C r O 3  is  extremely hygroscopic and tends 
t o  pick up water on standing, thereby allowing chromium t o  go 

back in to  solution.) 
Wash the crys ta l s  on the funnel with 70% HC104 using a vacuum 
f lask  and gentle suction. 
Dry the crystals  on the funne l  t o  about 175°C which drives off 
the excess HC104 but does not decompose C r O 3  (the C r O 3  melts a t  
about l 9 O ” C  and begins t o  vaporize at  a s l igh t ly  higher temper- 
ature; a t  the same time, the compound begins t o  lose oxygen, 
and it w i l l  f i na l ly  rever t  i n  several  stages t o  C r 2 O 3 ) .  

C r  t o  C r 2 O 3  = 1.4611, transfer 

( U s e  an  additional 20 m l  of HC104 

( m e  C r O 3  should be 

“%ee Appendix A, p. 73 f o r  safety precautions i n  handling HC104. 

44See Appendix A, p. 57 f o r  sa fe ty  precautions i n  handling CrOs, 
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Chromium Metal 

See procedure fo r  conversion of Ti02 t o  titanium metal (pa 99, 
Appendix C> f o r  discussion of reduction of oxides of refractory metals 
w i t h  calcium t o  the metal form. 

. 

. 



Hafnium Metal 

See procedure f o r  conversion of ~ i 0 2  t o  titanium m e t a l  (p. 99, 
Appendix C) f o r  discussion of reduction of oxides of refractory metals 
w i t h  calcium t o  the metal form. 



. 

-_ 

Lead(I1) nitrate is the end product of the current refinement pro- 
cedure and is suf f ic ien t ly  stable f o r  inventory use. However, qui te  
frequently users of enriehed isotopes prefer the carbonate, oxide, or 
f r ee  metal. 

mcog 

1. 

2. 

3-  

B O  - 

Weigh the correct quantity of Pb(NO3)z needed t o  f i l l  the re- 
quest (gravimetric factor :  Pb t o  Pb(N03)2 = 1.598), transfer 
the salt  t o  a p las t ic  beaker, and dissolve the salt i n  water. 
(Lead n i t r a t e  is quite soluble i n  water; hence, there should 
be no insoluble residue. However, i f  any insoluble matter is  
observed, it should be removed by f i l t r a t i o n  through Whatman 
No. 42 paper of the appropriate size.)  
Precipi ta te  neutral  €%COS by adding the nitrate solution t o  a 

solution of (m) 2 C O 3  containing small chunks of so l id  (-1 2C03.  

Warm t o  remove the excess ( N H 4 ) 2 C O 3  without reaching the boil-  
ing  point. 
Pb(OH)2*2BC03 when pure, is formed from the  neutral  carbonate 
by boiling i n  water while passing in '  a current of C02.1 

Separate the white insoluble Carbonate by centrifugation i n  
high-temperature p las t ic  centrifuge tubes, wash with water t o  
remove a l l  NH4N03, then w a s h  w i t h  acetone t o  remove the excess 

water; f i n a l l y  dry the  so l id  i n  an e l ec t r i c  drying oven a t  

(A basic lead carbonate, which has the composition, 

-200 OC . 

Lead(I1) oxide can be prepared direct ly  from either the carbonate 
or  nitrate by thermal decomposition. Since the nitrate i s  d i f f i c u l t  t o  
contain a t  the decomposition point (-k7O0C), PbO is usually prepared by 
igni t ing P b C O 3  i n  platinum a t  650°C ( the s t a i n  i n  the platinum container 
following igni t ion can be removed by fusing -04 or K5S207 i n  the 



container). 
ignit ion but is' quant i ta t ively converted t o  fi0 at 610-619"C. 

Dilead(I1) lead(IV) oxide, Pbs04, may be formed during the 

Lead metal is obtained by reducing the oxide with & (another re- 
ductant which may be used i s  graphite45) * 

1. 
2. 

Weigh the oxide i n  a pure graphite crucible or boat. 

Place the container i n  a 1- in .  O.D. quartz tube f i t t e d  with a 
quartz tapered jo in t  at one end and a semi-ball j o in t  at  the 

other 
Flush the tube with hydrogen a t  room temperature; and with the 

hydrogen flowing, raise the temperature d i rec t ly  t o  600°C. 
Cool the sample under hydrogen t o  -300°C; complete cooling under 
a nitrogen atmosphere. A bead or button w i l l  be obtained, and 

either form is su i tab le  f o r  ro l l i ng  or f o r  fur ther  fabrication. 

3. 

4. 

45P. S. Baker, ?4 Rapid Eff ic ient  Method f o r  Reducing Certain 
Metallic Oxides, J. Chem. Educ. 38: 117 (1961) 
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POTASSIUM 

A rapid, simple technique has been devised f o r  converting isotopi- 
ca l ly  enriched potassium i n  the form of chloride t o  the carbonate f o r  
use of those who require the carbonate and f o r  use i n  preparing other 
potassium halides . 

1. Weigh the theore t ica l  quantity of KC1 required t o  f i l l  customer's 
request from inventory bot t le  (gravimetric factor :  K t o  KC1 = 

1.9069) 
2. Transfer sample t o  appropriate s ized Vycor crucible and dissolve 

i n  a minimum of high-purity dis t i l led water. 
Add twice the stoichiometric quantity of recrystal l ized oxalic 
acid required t o  e f fec t  conversion of KC1 t o  &C2O4 (-1.7 mg 
oxalic acid/mg KC1) 

3. 

2KC1 + C&04*2&0 +&C2O4 + 2HC1 + 2&0 

4. Evaporate the solution t o  dryness and dissolve the residue i n  
distilled water. 
(Step 3) and evaporate t o  dryness. 
Heat t o  -150°C t o  drive off the excess oxalic acid, then trans- 
f e r  t o  a muffle furnace and heat t o  about 600°C i n  a good supply 
of air t o  ign i te  oxalate t o  carbonate. Should the sample appear 
'?umpy", dissolve i n  a minimum of dis t i l led water and dry a t  
300-400 O C  . 
Transfer the sample t o  a shipping v i a l  and w e i g h  as &COS. 

Again add the same quantity of oxalic acid 

5. 

6. 

&COS (Ion Exchange Method) 

1. Weigh the theore t ica l  quantity of K C 1  t o  f i l l  the request, 
t ransfer  the s a l t  t o  a Pyrex beaker, and dissolve i n  water. 
(F i l t e r  through TJhatrnan No. 42 f i l t e r  paper i f  there is any 
indication of insoluble residue .) 
Pour the l iquid in to  the top of a column of RR grade (Dowex 50- 

X 8 )  ion exchange res in  (hydrogen form and of 100 t o  200 mesh) 
2. 
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a t  such a rate tha t  there is  a small volume of l iquid above the 

resin at  a l l  times. For best r e su l t s  the column should contain 
-1 m l  of wet resin for each milliequivalent (-39 mg) of potassium 
present 
As soon as a l l  the salt solution has been poured in to  the column, 
start water flowing through the colum and continue with water 

u n t i l  there is  no longer an  acid reaction t o  litmus at the exit 
end of the column. 
Add 1:l N k O H  t o  the resin column t o  neutralize the hydrogen 
ion. 
the bottom i s  as alkaline as tha t  going in to  the top.) 
Pass a saturated solution of (NK&&O3 through the res in  bed t o  
displace the potassium ion from the resin. Collect the l iquid 
i n  a p l a s t i c  beaker. 

Evaporate the l iquid t o  b j n e s s  on a low-temperature heat source 
(steam bath, sand bath, aluminum block). Dissolve the sol ids  i n  
a minimum of water and f i l t e r  through Whatman No. 42 f i l t e r  
paper t o  remove any f i n e  resin par t ic les .  
Evaporate the l iqu id  t o  dryness i n  a Vycor dish at low tempera- 

3. 

4. 
(Hydrogen has been displaced when the l iquid coming from 

5 .  

6 .  

7 .  
' ture; heat t o  500°C. 

1. Follow the first f ive  steps of the procedure f o r  converting KC1 
t o  K2C03. 

2. Transfer the carbonate t o  a beaker and moisten the carbonate 
with water. 
is  d i s t inc t ly  acidic (additions should be made slowly t o  avoid 
losses of sample with the escaping carbon dioxide)., 

Add 1:l unpreserved H I  slowly u n t i l  the solution 

QCO3 + 2HI + 2 K I  + &O + C02 
3. Evaporate the solution t o  dryness and t ransfer  the salt as rapid- 

l y  as possible t o  a tared glass v ia l .  
made i n  a dry atmosphere since K I  is hygroscopic.) 

If the anhydrous salt is  required, add a quantity of m I  (equal 
i n  weight t o  the K I  assumed present) t o  the acid solution and 

(The transfer should be 

4. 

d- 
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t 

evaporate the resul t ing solution t o  dryness i n  a small quartz 
boat. 
and heat t o  vaporize the lX&I. 

t ha t  can be sealed i n  a dry atmosphere. 

Place the boat i n  a Pyrex tube vhich can be evacuated 
Transfer the KI t o  a container 

. 
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RUTHENIUM 

Ruop **o 

1. 

2. 

3. 

4. 

5 .  

6 .  

7 .  

8. 

9 .  

10. 

Weigh the theore t ica l  quantity of ruthenium needed t o  f i l l  the 
request and t ransfer  the metall ic sample t o  a s i l v e r  container 
f o r  dissolution. 
Add a 5:l mixture of KOH and KNO3 t o  the sample, using -15 g KOH 

f o r  each gram of ruthenium. 
Heat the mixture t o  -600°C i n  an  e l e c t r i c  muffle furnace t o  m e l t  
both compounds and dissolve the ruthenium. 
Allow the melt t o  cool t o  room temperature, place the container 
i n  a p l a s t i c  beaker, and cover the container and melt w i t h  water. 
S t i r  occasionally w i t h  a p l a s t i c  rod t o  aid i n  disintegrating 
the Elt. 

Remove the fusion container (washing well  with water) as soon 
as the m e l t  has disintegrated, and acidify the ruthenium-bearing 
solution with 1:l HC1. 

Digest a t  steambath temperatures t o  dissolve the salts. 
the solution w i t h  water t o  -3 M HC1 t o  permit f i l t r a t i o n  through 
paper and f i l t e r  through No. 42 paper. 
Wash any insoluble residue w i t h  hot water t o  remove C1-. 
and igni te  the paper i n  a small procelain crucible. 
there be a residue, although most of the ruthenium dissolves 
through fusion, transfer the material t o  the s i l v e r  vessel  and 
fuse w i t h  an appropriate quantity of KOH and KNO3. 
Dissolve the melt as before (Steps 5 and 6) ,  add 1:l HC1 u n t i l  
d i s t i nc t ly  acidic, and f i l ter  in to  main body of solution from 
Step 6. 
Evaporate the HC1 solution of ruthenium t o  near dryness, add 

about 10 m l  of concentrated &SO+ and evaporate t o  heavy fumes 
of so,. 
Add -100 m l  of water and t ransfer  the s lu r ry  t o  an all-glass die 

t i l l a t i o n  o u t f i t  (Fig. 4, p. 40) . 
glass and lubricated with a non-oxidizable substance (such as 

Dilute 

- 

Dry 
Should 

All jo in ts  should be ground 

&SO,) . 
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11 . 

l2. 

13 

14 . 

15 

16. 

17 

38. 

. 
. 

Add 100 ml of fi l tered 10s Nab03 t o  the f l a sk  through a tube 
equipped w i t h  a stopcock, close the stopcock, and heat the solu- 
t i on  gently t o  boiling while pulling air over the l iqu id  and 
then through three t raps  containing 1:l HC1 and S02. 

Add a saturated &SO3 solution ( 6 $  S02/&0) t o  the traps through 
a stopcock opening, a few milliliters a t  a time, as the distil- 

la t ion  proceeds. 
When the solution i n  the d i s t i l l a t i o n  f lask becomes water-white, 
cool the solution. 
(under a fume hood) and evaporate t o  a moist residue on a steam 
bath. 

Add suf f ic ien t  1:l HC1 t o  dissolve the residue, d i lu t e  the solu- 
t ion  w i t h  water, and f i l t e r  on No. 42 Whatman f i l t e r  paper t o  
remove s i l i c ious  matter. 
Ebaporate the f i l t ra te  t o  near dryness on the steam bath, add 

-10 m l  of concentrated &SO+, and heat u n t i l  essentially a l l  HC1 

has been eliminated. Dilute the ruthenium solution and remove 
any solids by f i l t r a t i o n  on No. 42 paper. 
any insoluble matter w i t h  1:20 b S O 4 .  

Precipi ta te  the ruthenium i n  the f i l t ra te  by adding a saturated 
solution of NaHCOs slowly and carefully u n t i l  the pH reaches 6. 
Boil t o  coagulate the black precipi ta te  of RuO2*xH;?O. 
Centrifuge the precipi ta te  i n  small centrifuge tubes (or cones); 
wash well w i t h  1% (m),$O4, then several  times w i t h  water. 
Dry the hydrated ruthenium dioxide precipitate at  l l O ° C  i n  an 

e l ec t r i c  drying oven. 

Transfer the trap solutions t o  a beaker 

Wash the paper and 



sTR0mm 

SrC0.9 

1. 

2. 

3. 

Weigh the correct quantity of Sr(N03)2 needed t o  f i l l  t ne re- 
quest (gravimetric factor :  Sr  t o  Sr(N03)~ = 2.4151, t ransfer  
the salt t o  a p las t i c  beaker, and dissolve the salt i n  distil- 
led water. 
Precipi ta te  SrCOa from the n i t r a t e  solution by the addition of 
an  excess of s o l i d  ( ~ ~ 1 2 ~ 0 3 .  

Separate the white insoluble carbonate by centrifugation i n  
high-temperature p l a s t i c  centrifuge tubes, wash with water t o  
remove -03, then wash w i t h  acetone t o  remuve the excess 
water, and f i n a l l y  dry the so l id  i n  an e l e c t r i c  drying oven a t  
N200°c. 

1. Weigh the correct quantity of Sr(NO3)z needed t o  f i l l  the re- 
quest, transfer the salt t o  a p las t i c  beaker, and dissolve i n  
distilled water. (Strontium nitrate i s  completely soluble i n  
water; hence, there should be no insoluble residue. However, 
if any insoluble matter is observed, it should be removed by 
f i l t r a t i o n  using Whatman No. 42 paper of the appropriate size.) 
Precipi ta te  SrCOa from the nitrate solution by the addition of 
an  excess of so l id  (N€L&2CO3. 

Sepazate the white insoluble S r C O 3  by centrifugation i n  high- 

temperature p l a s t i c  centrifuge tubes, wash with water t o  remove 
allNH$JOa, then w i t h  acetone t o  remove the excess water, and 
f i n a l l y  dry the so l id  i n  an e l ec t r i c  W i n g  oven a t  - 2 0 0 ~ ~ .  
Transfer the dry carbonate t o  a p las t i c  vessel  and decompose 
the compound through the slow addition of 1:l hydrofluoric acid. 
Agitate u n t i l  the solution is d i s t inc t ly  acid (the carbonate w i l l  

have been completely converted t o  fluoride) . 
Evaporate mixture t o  dryness on a steam bath, t ransfer  the so l id  
t o  a platinum dish, and heat t o  450°C. 

2. 

3. 

4. 

5 .  

-- 
a 
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TITANIUM 

Refractory metals, such as chromium, hafnium, titanium, and zirconium, 
can be obtained i n  a reasonably pure form through the reduction of t h e i r  
respective oxides (the preferred inventory form) with calcium metal. 

An e f f i c i en t  method of performing the reduction w i t h  calcium is t o  
take advantage of the equilibrium obtained when CaC12  and sodium metal 

in te rac t  at high temperatures t o  produce calcium metal and NaC1. Addition 
of a metal oxide which reacts  with calcium but not with sodium removes the 

calcium as it is formed, thereby permitting the reaction t o  go t o  comple- 
t ion.  

The procedure described below f o r  the conversion of T i 0 2  t o  titanium 
metal works equally w e l l  f o r  the conversion of chromium, hafnium, and z b  

conium oxides t o  the elemental form i f  the following ra t ios  of reductant 
per metal oxide are used: 

- Oxide W t  of Oxide, g w t  of cac12, g W t  of N a y  s; 
Cr203 1.0 4.4 2.2 

Hfo2 1.0 2.1 1.1 

Z r 0 2  1.0 3.6 1.8 

Titanium Metal 

1. 
2. 

3 .  

4. 

5 .  

Consult Appendix A fo r  safety precautions. 
Weigh the theoret ical  quantity of Ti02 needed t o  f i l l  the request 
( T i  t o  Ti02 = 1.668) and t ransfer  the sample t o  a small beaker. 

Add 5.55 g of anhydrous CaC12 f o r  each gram of T i 0 2  and mix the 

powders extremely well. (The C a C 1 2 - T i 0 2  mixture may be dehy- 
drated by heating at  400-500"C f o r  an  hour i n  a stream of dry 

air.) 

Transfer the powder t o  a stainless s t e e l  beaker as quickly as 

possible, add 2.75 g of freshly-cut sodium metal (a lso based on 
1 g TiOz), and t ransfer  the beaker t o  an atmosphere chamber 
(Fig. 7 below). 
Cover the chamber with a loose f i t t i n g  stainless l i d  and place 
the chamber inside a ver t ica l ly  mounted e l ec t r i c  crucible furnace. 
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ORNL-DWG 70-6508 

THERMOCOUPLE WELL 

ATMOSPHERE CHAMBER STAINLESS STEEL LID 

ARGON INLET- GAS OUTLET 

VERTICAL CRUCIBLE 
FURNACE 

REACTION VESSEL 
(STAINLESS STEEL 
BEAKER) AND SAMPLE 

CARBON PLUG ASBESTOS PAD 

Fig. 7. Appaxatus f o r  the  Preparation of Titanium. 

Place the furnace on an asbestos pad and locate the furnace i n  or 
near an e f f i c i en t  fume hood i n  order t o  exhaust the Na20 smoke. 
S t a r t  argon flowing i n t o  the atmosphere chamber at  the rate of 
about 5 liters/min t o  replace residual gases. The argon flow 
(tihich is continued throughout the heating and cooling cycle) 
protects the sodium from oxidation while reaching reaction tem- 
perature, helps t o  remove the excess sodium as the temperature 
increases t o  the reaction point, and protects the finely-divided 
titanium from oxidation during and following the reduction. 
Heat the reaction mixture d i rec t ly  t o  600°C and maintain t ha t  

temperature f o r  -15 min. 
t u re  i n  about 50" increments, u n t i l  the  temperature f i n a l l y  

reaches 880". 
the atmosphere chamber by the argon stream and burns on exposure 
t o  air giving Na20, a white smoke.) 

8. As soon as the  sodium flame nearly stops (-1 hr) , indicating that 

most of the excess sodium has d i s t i l l e d  from the  reaction mixture, 

6 .  

7. 
Continue heating, ra i s ing  the  tempera- 

(Above about 650°C, sodium vapor is  swept out of 

-- 
A 

4. 
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permit the system t o  cool t o  room temperature. 
the argon f lush is  continued during cooling. 
When the reaction vessel has cooled, remove the beaker from the 

atmosphere chamber with a s ta in less  steel  v i r e  lioolr and half 

f i l l  tine beaker .with a sokr t ion  of 5;; methanol- i n  isopropJl ELI-- 

cohoi. Any residual unl-eacted sodiux w i l l  react  w i t i  t h i s  m i x -  

tu re  and thereby permit safe  aqueous leaching. 
After - a l l  bubbling ceases, remove most of the organic solvent, 
and replace with fresh solution. If there is no further reac- 
tion, start adding water very slowly t o  dissolve the  excess 
calcium metal. 
manner u n t i l  gas evolution ceases. 
Transfer the contents of the stainless steel beaker t o  a 4 l i t e r  
p l a s t i c  (Teflon or MF'P) beaker, add water and d i lu te  H C 1  t o  a 
pH of 4, and agitate with a magnetic stirrer u n t i l  the large 

masses are broken up. 
the w a l l s  o r  bottom of the beaker; th i s  should be removed by 
continued washing with w a r m  water 
Allow the solids t o  sett le and decant the supernatant l iquid.  
Transfer the sol ids  t o  a centrifuge tube (or bot t le)  and cen- 
trifuge-wash the so l id  materials u n t i l  a s l igh t ly  acidlc  s o h -  
t ion  is obtained above the sol ids  which persists f o r  about 2 hr .  

This indicates tha t  essentially a l l  the CaO impurity has been 
removed; most of the N a C l  a l so  w i l l  have been removed during 
t h i s  treatment . 
Treat the metal powder with successive washes of 25 NKgC1, made 

pH 4 w i t h  HC1, u n t i l  samples of the wash l iquid show no yellow 
color (indicative of sodium) i n  the flame. 
Decant t o  as near  dryness as possible, then wash the metal pow- 

der with e thyl  alcohol and follow with diethyl  ether or acetone 
t o  remove as much absorbed water as possible. 

As indicated, 

9. 

10. 

Permit the reaction t o  proceed i n  a controlled 

11. 

(Some of the reaction mass may adhere t o  

12. 

13. 

14. 

(Centrifugation 

. may be necessary i n  order t o  obtain a c lear  supernatant.) 
Dry the powder i n i t i a l l y  by blowing &cy argon in to  the centr i -  
fuge bot t le  at  the rate of 1 liter/min at  room temperature. 
(Precautions should be taken t o  prevent an excessive flow r a t e  
and. possible loss of sample.) 

15. 
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16. Transfer the container t o  a large desiccator and evaluate for 
a b u t  24 hr. 

17. Transfer and s tore  the powder i n  a n  a i r t i gh t ,  argon-filled 
container. 



Tungsten Metal 

1. Weigh the theoret ical  quantity of WO3 in to  a quartz boat (gravi- 
metric factor: 
quartz combustion tube and place the tube i n  an e l ec t r i c  tube 
furnace 
Flush the  tube with an i n e r t  gas (dry N2 f ree  of oxygen or 
helium or argon), start hydrogen while the inert  gas i s  s t i l l  

floving, and slowly stop the ine r t  gas. 
When the hydrogen flow has increased t o  5 t o  10 mumin, increase 
the heat i n  the tube furnace slowly by means of a Variac (rheo- 
stat) u n t i l  the temperature reaches 450°C. 
Maintain t h i s  temperature u n t i l  all the  greenish-white so l id  
changes t o  a black powder and no additional water is released. 
Increase the heat rapidly u n t i l  the temperature reaches 800°C 
and allow the reduction t o  continue f o r  -1 hr.  
i n  hydrogen helps t o  ensure complete reduction and tends t o  re- 
duce the pyrophoric nature of the metal. 
should have been reduced t o  metal before ra is ing the temperature 
t o  800°C because several   investigator^^^' 47, 48, 49 believe the 
oxide is  vo la t i l e  above about 800°C.) 
Allow the  sample t o  cool t o  -300°C with hydrogen flowing; then 
a l l o w  the sample t o  cool t o  room temperature i n  an oxygen-free 
i n e r t  gas. 

W t o  WO3 = 1.2610); inser t  the boat in to  a 

2. 

3 .  
' 

4. 

5. 
Heating t o  800°C 

(Most of the WO3 

6. 

"%. H. Willard and H. Diehl, Advanced Quantitative Analysis, p. 218, 

47N. H. Furman (ea.), Standard Methods of Chemical Analysis, Vol. I, 

Van Nostrand, Princeton, N. J., 1943. 

p. 1162, Van Nostrand, Princeton, N. J., 1962. 
. 
0 '%. Wohler and 0. Balz, Z. Electrochem. 27: 406 (1921). 

*%. A. Chalmers, Comprehensive Analytical Chemistry, Vol. I C ,  p. 598, 
C. L. Wilson and D. W. Wilson (eds.), Elsevier, New York, 1962. 



ZIRCONIUM 

Zirconium Metal 

See procedure f o r  conversion of T i 0 2  t o  titanium =tal  (p. 99, 
Appendix C) fo r  discussion of reduction of oxides of refractory metals 

with calcium t o  the metal form. 



APPEPJDM D: SPECIAL ISOTOPIC COILECTIONS 

LEAD-210 

Radiogenic lead, enriched i n  either 206pb or 208Pb, has been used 
as charge material i n  the calutrons on three separate occasions i n  order 
t o  obtain high puri ty  20?€’b and 208Pb. 

a n  attempt made t o  enrich 210pb, a naturally occurring radioisotope 
associated with radiogenic lead. 

I n  only one of these cases w a s  

The 210 isobars--21q?b, 210Bi, and 21?Po--each i n  equilibrium w i t h  

the other i n  the or ig ina l  mineral ,  were collected i n  a recess cut i n to  
the unpurified graphite faceplates. 
ra t ion runs, the  recess areas were sawed out of the graphite sheets, the 

surfaces were cleaned as w e l l  as possible without disturbing the deposit, 
and the graphite s t r i p s  were ignited i n  porcelain i n  an e lec t r i c  muffle. 

i n  recovery of lead from graphite pockets except (1) the  physical treat- 
ment and chemical processing were performed i n  a glove box t o  prevent 
spread of radioactive material and (2) the f i n a l  processing resulted i n  
an  aqueous solution of €%(NOS)* instead of the so l id  inventory form. 

Following termination of the sepa- 

The recovery and refinement involved the same procedures detailed 
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