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ABSTRACTS 

Determination of Silicon in Beryllium Metal and Oxide 

Modifications have been made in the Carlson and Banks procedure 
for the determination of silicon in 'beryllium metal and oxide. 
refractory oxide is dissolved directly in hydrofluoric rcid. 
identical procedure is used for metal after ignition to the oxide. 

Fluorometric Determination of Aluminum in Beryllium by Standard Addition 

The 
The 

Concentrations of beryllium over certain limits have a quenching 
effect on the fluorescence of the aluminum-Pontachrome Blue Black R 
complex. The analysis of trace an10 s of aluminum can be carried out 
despite this quenching effect by the method of standard addition. 

The Study of Plutonium Sulfate Tetrahydrate For Use As &Primary 
Analytical Standard 

Samples of ,plutonium sulfate tetrahydrate prepared 9 to 12 months 
ago have been under investigation to determine the, ility of this 
compound as a primssy arhlytical standard" of pluto The compound 
has been determined experimentally to contain four molecules of water 
of crystallizstion. e tetrahydrate was found to lose 
a major portion of allization when heated at 115OC. 
Indications, but no conclusive evidence, of the existence of another 
fntemediate hydrate of plutonium(1V) sulfate, have been found. 
Microscopic examination of one-year old crystals .of Pu( SO4)2*4H;?O 
shows no evidence of the effect of m y  alpha radiolysis on the water 
of crystallization. 
has caused no apparent changes in crystal structure or weight. Heating 
P u ( S O ~ ) ~ * ~ H ~ O  to 325OC has produced a dehydrated salt of weight 
equivalent to the formula, Pu (SO4 )2. 
hygroscopic, can be readily dried at 12OoC and appears to be satisfactory 
for further fnvestigation of ita suitability as an alternate primary 
standard of plutonium. 

Continued exposure to a fluctuating atmosphere 

This material, although slightly 

The Determination of Sulfate in Plutoliium Sulfate Tetrahydrate 

A method is presented for the rapid determination of milligram 
quantities of sulfate in pure plutonium sulfates. Plutonium is 
adsorbed on Dowex-50 cation resin and an acidimetric titration is made 
of the displaced hydrogen ion which is equivalent to the sulfate content 
of the smple. 
hydrolysis in neutral solution is described. 
to the determination of sulfate in any pure plutonium sulfate. 

A technique used for the prevention of plutonfum 
The method may be applied 
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Uranium i n  Graphite Waste 

A method is described for sampling and analyelng urrniUm in grrphlte 
waste. Sampling drts indicste that representative eunpling is obtained 
If the material I s  pulverized to less than 307mesh size before reducing 
to 20 to 50-grua portions for analyeis. A "0s (l+3) digestion is 
sufficient for extrlzctia@: the total Wanium in the waste material. 

Determination of Uranium in Various Types of Fue1;Elemept SBMtione 

Detaiis for the prepmation of synthetic ecrrp eolutiom of (1) 
UruxLum-aluminum, (2) urim~um-stain~.ess steel, and (3) urmium-~ircrloy-2 
arc ented. Methods of analysis are described and precision data 
given for the determination of uranium in them solutions. 

Isotopic AbunAce  Measurements of Uranium with tbe U s e  Spectrometer 

krrther evaluation of the isotopic abundance of uranium by mass 
spectrometric determination has been made, and oomgrrlarone are shown 
for lostionrl Bureau of Stlnalrdr md New Brunswlcls Laboratory values 
of standard armple NBS-U-200. 
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DETERMIMATION OF S I L I C O N  I N  BERYILIUM bET& AmD OXIDE 

A. R. Eberle and M. W. Lerner 

In  the Carlson and Banks procedure for  the determination of s i l i con  
i n  beryllium a1 and oxide; 1 the oxide d - i n  HC1. The 
resul t ing solutton 5;s'treatkd with a small quantity^oYRF t o  convert 
the s i l i con  t o  a reactive ormation. For 
beryllium metal, ample is 
loss of si lanes and again the solut io  
i f i ca t ion  with E J ~ s O ~ ,  t o  inaure*the r 

The Carlsoiiand Banks prockdure i s  impractic 
because highly-fired beryllium oxide ei ther  does 
dissolves extremely slowly, i n  HC1. 
found that by diss'olving- these 
Png the fluoride with boric a c i  
out i n  the usual manner. 

b o t h e r  modification is  concerned with thk- 
powders or  chips. Instead of the alkaline disso 
oxide at  l lOO°C with subsequent dissolutfon of the oxide i n  HF is used, 
No loss of s i l i con  occurs and the blank is  considerably reduced, 
blank i s  further reduced by r ed i s t i l l i ng  the HI? from a nickel and Monel 
still. An bzll-Mone1 or all-nickel s t i l l  would be equally satisfactory.  

The 

Hydrofluoric Acid. Add 50 m l .  of water t o  l 5 O  m l .  of 48% HI? and 
r ed i s t i l l  from a nickel and Monel s t i l l .  
s tore  i n  polyethylene. 
i n  polyethylene. 

Collect the first 150 ml,  and 
Prepare d i lu te  €IF (1+19) from th i s  acid and store 

Molybdate Reagent. Dissolve 25 g. of reagent-grade &onium 
Add 50 ml .  of H&O4 (2+3)* molybdate in'200 m l .  of water. 

polyethylene 
Store i n  

. Reducing Reagent, Dissolve 27 g* 6f reagent-made sodium bisu l f i te ,  
2.0 g. of NaOH and O,5O g. 'of l-amino-2-~phthol-4-~ulfonie acid i n  
water and d i lu te  t o  25G m l .  Store i n  polyethylene, 

Ammonium Hydx oxide. Cool i n  an ice-bath a quantity of water I n  a 
polyethylene bot t le  and saturate with ammonia gas. 

(Na&%O305&0) and 2 pel le ts  of NaOH i n  water and d i lu te  the solution t o  
500 m l .  t o  give a solution containing 2.00 mg,/ml.  Dilute 5 ml.  of t h i s  
solution to 1000 de t o  give a solution containing loy/d.  

Standard Silicon Solutions Dissolve 7.54 g. of sodium metasilicate 
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Procedure 

Standard Curve. Add to  1sO-ml .  Bakelite beakers 20 m l .  of dilute  
HF, 2.0 go of boric  acid, 4 , m l .  o f  molybdate.reagent and from 0 t o  
of silicon. 
acid by st i r r ing.  Using a meter pH to 1.2 t o  1.3 with 
ammonium hydmxide. Allow t o  s s and then add 30 m l .  o f  
HC1 (1+1) followed by 2. - 

return the solution t o  the beaker. 
ance of each standard i n  2-em. c e l l s  a t  815 mp against water a s  a refer- 
ence 

Bring the volume t o  about 50 ml. and dissolve the boric 

Transfer t he  solution t o  a 100-ml. graduate, d i lu te  to  volume and 
After 15 minutes, measure Ithe absorb- 

Oxide Samples. To 200-mg. n a 125-ml. platinum 
-bath and st ir ,  adding 
n t i l  the sample 

H. w i l l  be 1.32 t o  

by reference t o  
s necessary, Measure the absorb- 

the staN,ard curve. 

Add a ldJ)I.?ng. sample< 
h. ! Spread the sample 
P 30 minutes f o r  p.owde 

rse, crush -@I& 
ignition perio 

above f o r  oxide. 

Experimental and Results 
1 

Spe ctrochemfcal s$an&ards ,w-erwprepared 
fro ide containing from 0 to 200 p.p,m. of 
add t a l l f c  i m p u r i t i e s .  Recovery t e s t s  
with the  proposed-p* . shown i n  Table ls- The-silicon is 
recovered comple+ly. I I - ,  

I 

/ 
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TABLE 1 

RECOVERY OF SILICON ADDED TO BERYLLIUM OXIDE . -  2 

~ s i l icon ,  . p .p.m. 

Found Amount Rdc overed 
_c_ 

Added - 
0 .. 12* _-- 

10 23 11 
30 40 28 

100 118 106 
200 212 200 

" ,  

**Average of 4 determimtfons 
r ,  

therefore, tkiert 
tion of'the oxide 

water is los t  by evaporation. 

- .. TABLE 2 
I -  

EFmCT OF HJWTING ETDROFL ON' S I L I C O N  RECOVERY 

" . . .  ,... ,. _ . ,  . .  

Evap6ration &Evap&ation t o  
Proposed Procedure to 2-3 ml. Moist Residue 

.I 

Sample No. 

1 
2 
3 

NBL-E -8467 

218, 223, 222, 221 197 
120 118, 115, 115 

fi.3, 45, 43 
117 
45 

io, 13, io, 13 12 

168 
100 
41 
10 



7 

samples were analyzed by: 
in  &OH solution; 

i c t  dissolution i n  HF, 

’ ANALYSIS OF BY D d &  , .  PROCEbURES 

- .  
Silicon Found, p.p.m, 

Methoa” No. $9‘ Proposed Procedure 

1 265 550-590 560, 596 540 

3 857 11& -1350 l 5 B ,  1466 
.l883, 1950 4 1390-1250 

2 391 600-710 710, 7 t 0  

.. 
”.  

I .  

,. , :  , I. . .  

’ !  . , 
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FJLUORCBlEMUC DFT-N OF ALUMI" IE3 BERYLGLUM BY STANDARD ADDI'l'ION 

1 

.added alumimn. 

_ -  
Pontachrgne Blue B l a  
ne miribon; *lied 

UD1$ i n  e t w l  a l c o h ~ l o  

DiS 
gently on a hot plate  
a 20Cba10 volumetric flasko a 
of the  solution t o  a 2sQ.mlo 
and, a f i e ra ix ing ,  
portions of chloroformo M 
exbraeted aqueous phase f o r  

lydd 1 o Q l n l o  aliquots of e$ solution t o  f ive loo--Iplo 
beakerso For samples contai tian 50 poporno alm%nm, add 

aolutton containfng ly/m~.. the beakers0 To a sixth* 
add 10  m l o  of lC$ (v/V) d - c  acid as a reference solutiono 
each beaker 25 n i l o  of 28% amorrim aeeterte and 10 mlo of water t o  br%ng 
the  pH t o  4.8=&90 Heat the solutions t o  boilfnsp cool t o  rool~ 
temperature, and adjust the volaimes t o  5Sml.0. 

kdJust t he  tiltra-violet source fntensity and sensi t ivt ty  of the 
fluorometer to eve nearly a full-scale readingwfth the sample 
aliqaot contafnfng the  added 'f~y o f  alum%rrum, and zero wikh the reference 
solntfono Ehsure  the fluorewenee of the other twa aliquots contaiIlfng 
added alumintan and the  two &qgots mntafning no added aluminumo 
Subtract the average of the latter two values FPamtlm"val~ed~ dbtafned 

1000, 20000 a d . 5  $?$ a ?%%@w!8apnp&. t 

Add t o  
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with the "spik@?..ali s t o  obtain a stand 
soOY of aluminumo 
aliquot br mmparing the .awage , rea&ng of the sample aliquots (with 
110 added almtnp) w%th the standard curveo 

e f o r  1.0, 2.0, and 
G a l d a t e  t-he q u m t i t r  of alqinum i n  the l W e  

For samples containing-fi?can 50 t o  100 pop.mo of d u m i T M n ,  add 
qU&ft%es Qf ~ I J I ~ ~ I R I I  Up t b  IOY tQ the d i q W t S n  

than 100 popome a l u m i ~ ~ ~ ~ ;  

USe  a more di lu te  
solution of the sanple for 1 '  the aliquots i f  the sample contafns more 

&pePfmerltal 

The proposed procedure was tested by analyztng a standard sample, 
This sample was analyzed previouslyl a 2 by the direct NBS-2686. 

procdupe, f n  whleh the fluorescence suftable alfquots of the sample 
solution i e  compared t o  that of & m M s  containfng no beryllium. 
By di lu t ing  the sem'p3.e t o  the  point at which no &@fieant quenchhg 
o ~ e z " u ~ e d ,  a value of 38 pop,mo was found. 

The sample was dissolved and the resultfng. solution was extracted 
as described above. 
t o  10 m l o  were then anilysed by the direct  p c e d u r e e  
al iquots  were then a n d e e d  by t he  ppsposed procedureo 
are shown fn Table 1. 

Various aliquots of the extracted solution up 
Additional 1W. 
The results 

TABU 1 

Conoeqtratfon of Be fn Aluminum 
MetiROd p* 

E r e c t  004 59 
Direct 100 # e  45 
Direct B O  d 320 32s 32 
Standard Mdltfon 20Q 60, 62 

__p 

The &%a eonfirnt t he  quezl@h%ng effe& of' concentrations of bekyllim 
as beryl lkm oade greater 0,4 mge/mlo on 091 yIm1.0 or greater of 
aun&num0 The data also s the stanc&d addition teehn5que e m  
campensate f o r  the quene- effect0 

The testing of the proposed procedure on samples containing less 
than 50 popem. of  aluminum is d i f f i c u l t  beeause of the lack of suitable 
stand%rds f n  the &SO p.pomo range. S%weral samples of oxfde have b h  
analyzed and found to. contain values less than 10 poporno of allrmfm 
but no other compwative values a re  avetflable a t  presento 
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The procedure bas also been used:on 'splked"' samples. containg up 
to 2000 p,pem. of almnlqm. 
aluminum were obtained. 
here i s  that separate standard solutions need not be prepared. 

Frau 96 to I@$ of; the expected values for 
The advantage of the  s t a n W  addition technique 

REFERENCES 

1 .  Eber le ,  A. R. and H i g h f i l l .  J. P.. NBL-147 (November 1958). p p .  13-15. 

2. Eber le ,  A. R. and P e t r e t i c .  G o  J., NYO-2014 (January 1951). 
. i  
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THE STUDY OF PLUTO"Ip( SULFATE TE"YDRATE 
FOR-USE AS A PFEHAFtY ANAL'PTICBL STANDARD 

Prevlous expe%"iments showed that  plutonfun sulfate tetrahydra%e 
copld be prepared by e~aporatfng a dklu%e H&104 solut.f.on of plutsnf,sn 
i n  the r4 oxidation stateo: 
and s t a b i l i t y  off h(S0,),04H& indica%& its sd i tabf l i ty  for furtiher 
study. 
12  months agoo The compound has b & u d . i e d ~ ~ e r  both fluetuatfng 
laboratory condi%%ons and controlled humidity @hangeso I n  additfsn, 
the  thermal stabflfty of F ? A ( I ~ ) , ) , ~ ~ H &  a%.hig%r temp-wah.rea has been 
investigated, 
analysiso 
the  possfble Entemed.Pate hydra$es,. t he  fo*ttkon of' an.bydroas pluton%un 
sulfa=be, and %he effe& of alpha m d i o l p b  on thewater of crpbl.l'izationo 
&esent fnf'mma%fsn indicates that, &est. one, pas of tes%ing, &(S0,)a04~0 
f a  sufffefently &able for use as an aneil;g$f&C &andamis" and $ha=%, 
HkmhydromBI plu%on%un sulfate,  as prepared %R this laboratory fran the 
tetralqdrate, mqy prove to be an aeceeable al%erma%e & a n M ,  

k PmLkWmry evaw%$o: af the coqsai t fon 

Testing has continued on s es OS material prepared up t o  

The water of crystallfmtfan-.has been deternfned by 
M h e m o r e ,  the'materfal has been &udfed %n selatfon t o  
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, 

A 

8 :  

Con'vsn t iona 1 Bo t t I e ~ ,  
Normal , P a s i t i . a n ,  

Capp.ed 

8 8 a 

A A 

,-i . i 

V e n t e d  Bo'ttle V e n t e d  Bottle 
I n v e r t e d  P a s i t i o n ,  I n v e r t e d  P a s i t i o n ,  

CLosed Open 

A, 'Top' 
B, "Battom' 
'C, 1 / 8 - i n .  v e n t - h a l e  

I 

FIGURE 1. WEIGHING :BOTTLES 



r 

A, Sample  
€3, Weighing B o t t l e s ,  

V e n t e d  
C ,  Wire  S u p p o r t  
D, Air V e n t s  (Open)  
E, Thermometer 
F ,  Micro Oven Dame 
G ,  Hot P l a t e  

f. P ’  

FIGURE 2. HEATING APPlARATUS: DEHYDRATION STUDIES 
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A A ,  Sample 
B,B’ ,Weighing Bottles, 

Vented 
C , C ’  ,Weighing Bottles, 

Uncapped 
D, Wire Suppoots 
E, Thermameter 
F ,  Micro Oven Dome 
G, Hot Plate 

E 

i 

111’ H ,  A i r  Vents (Open) 

, 
B 

b 

I . .  1 ..” .... 1. .-__-.. 1 .. . ”, . .. .__ 

. -  . ,.. . . .  . .~ 

FIGURE 3. HEATING APPARATUS: HYDRATE INVESTIGATION 



B ,  Weighing Bottle 

F ,  Micro Oven Dome 

F 

FIGURE 4 .  HEATING APPARATUS: TRANSITION POINT INVESTIGATION 
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~croscope ,  &del Elo. GK=ZO19 Bausch and Lomb optical  Company, 
with mstrrrimum magnification factor o f  750 

Flutonfun -fate Tetrahydrate, PU(SU,),~~H&, prepared i n  tHs 
laboratory by evaporation of a &,So, solution of  plutonitm (337) made 
fYan high- *its plutonium rnetal-(9go96$) obtained from Hhndord A%omic 
b d u c t s  Operation and b s  AQamos S i e n t i f % o  Laboratoryo 

Pbtassiun ZMchramate, k t i o n a l  Bureau of Standards p~imary standard 
K9b97, sample E b b  136& is used d i rec t ly  f r o m  its dontafner wtthout 
pA1hinary drying6 

PIXperinental and Results 

The Effect of Ehnn.Pdity on h(m4),04%oo The adsorbed motstus2 
ed compounds cannot be adequately removed by heating w i t b u t  
t ion  of the compound i n  most eases. j -or use as  a standard 

material it is important tha t  a hydrate be relat ivelx no-hygposcopie 
i n  an atmosphere of some reasonable re la t ive  hutnidityo 
s tudies  *-have shown no. .appreciable weight change of: Pa( S O , ) , o 4 ~ 0  f n  
a uncy$rolled fluctuating laboratory afmosphere nor f n  known condant  
r e l a t ive  humidities &m 17 t o  75$e &, series of supplementary t e s t s  
was made t o  determine the effect of v e n g  t h e  re la t ive  hutnidfty on 
the coanpoundo Three separate l o t s  of P u ~ S 0 , ) s e 4 ~ 0  of about 2 go each 
were taken frau the material used previously for tes t ing under s t a t i c  
r e l a t ive  hrrmidity conditionse 
weighed vented weighing bot t les  of-l'he design shown %n Figure 1 wikh 
the vent holes closed, and reweighedo For comparison purposeso an 
empty weightng bott le  tare a s  w e l l  as a bektle containing 2 go of 
primary standard K&r& were s M i l a r l y  preparede 
the b o t t l e s  were exmad and the samples with ta res  were placed in 
the same desiccator, 
desiccator maintaining a d e f e r e n t  re la t ive  hunfdity in the range of 
17 t o  75s by us- various concentrations of &SI4 as t h e  hmfdSaP;a%, 
Table lo Periodical ly  for  nearly 4 months, %he bottLes were remmed 
fkmk t h e  desiccator, the  vex& holes were closed,. and %he .bo$%les 
mighed, The vent holes i n  the  bot.tles were reopened 
placed i n  another desiccator f o ~  *her test%ngo Re  
tests, Figure 5 ,  indieate tha t  there is no appreefab?+ iffeet sf" 
re la t ive  humidity change on ptO(913,),04cR,0 i n  the range of 17 to S5Be 

Previous 

Each l o t  of material was  placed in 

The vent holes in 

AI set of' four deaieeators was used, each 

S W F E C  ACID "IDISTATS 

S;ipuf.;c Beid, - W e  

17 
36 
57 
7.5 



2.21475 

2 21400 

12.44275 
r u 

12 44225 

.2,08275 

2 08209 

2,08015 

2 08000 
17 75 57 36, 75 57 36, 17 36. 57 75 17 57 

Relative Humidity, 96 

P - .. 

Time, days 

FIGURE 5 VARIATION OF Pu( SO4) 2 * 4H20 

WEIGHT WITH RELATIVE HUMIDITY CHANGES 
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The Stabflitg of P ~ ( Q 9 ) ~ ~ 4 ~ 0 ~  Considerable doubt has been 
_exp~essed about the s t a b m h y d r a t e d  compound of an alpha-emitter 
because of %he poss%bfl%tg of radiation-induced decomposition of the 
water of wy&dlieationo* Contrary to  t h i s  theory, the i n f t f d  
irwestfgation of the s tabf l f ty  of A~(S0,),04%0 had shown that the 
plutonium content of' the compound had not changed a f t e r  5 t o  7 months 
o f  observatfon, Pn additional tests, crys%da from five duf'erent 
lots of RI(SO,),~~H&F were mounted on the underside of the glass 
Vfndm in the  roof of a gloved box, F i g u ~ e  6, The c r y & d s  were held 
fn plaee by a stpip of plastic, tap bPhieh allowed aceess t o  t h e  gloved 
box atmosphere4 A microscope with a 75-powss magnfS_eation factor  was 
mounted on the top of the glass window and focused on the crystalse 
Periodic examinations o f  the crystals wem madeo 

micmscopfe d n a t i o n  was noted over a penoiod of 13 months except 
that in some fnstanees a&ognerates of crystals have separated in to  
i r d i e d u a l  unfPaetwed c r y s t a l s ~  En addition, expsme t o  the 
fluctuating gfsdbox atmosphere during t h i s  period, again, has caused 
no apparent change i n  the materialo 

19f, v%sible change f n  the  general l o t s  of F U [ S , ) , ~ ~ ~ O  under 

Bpeuious tees have shown 
that flcant loss i n  weight eS 
found up t o  66'6- 
temperatures usfng thee pof.%fons of' the  c o m p u n d  taken f m  t h e  same 
l o t  of h e k  material i n  order t o :  
hydrates; and, (2) test the s t a b i l i t y  of the heated material f n  a b o  

L eon%fnuation of %his study was made a% Hgher 

(1). investigate other possible 

En order t o  trace the course of t h e  dehydration of F u ( S O , ) , o 4 ~ 0  

One 
upon heating, a thermogram was pun. 'pwo vented weighing bottles, 
Figure 1, were heated at  l l @ C  for  4 hours8 cooled, and weighed, 
podfon (350 mg,) 6f h(sD,)so~~O was placed in one of the vented 
Wefghing bot t les  axxl weighed with the vent hole+cfosedo 
vented weighfng bot t le  used as a tare wgs d s o  wefghed. 
i n  both bot t les  was opened, and the  bot t les  were suspended in atr in 
the apparatus shown i n  Figure 20 
heated a t  5 t o  100 intervals for known per;iods of  t h e o  
heatfng p r i o d 0  the weighsng bot t les  were. removed from t h e  h e a t h g  
apparatus, the vent hole was closed, and the bot t les  allowed eo 
cool for about 1 hour i n  a3r0 
bot t les  were weighed, prepred For the  nex% heatfng perlod, and 
retnoanted i n  the heating apparatus.. A?l1 samples were heated t o  
apparent constant weight for each heating period up t o  100%0 
Pu(s04)~e4&0 has been heated to 32sOC and the  &%a are presented i n  
the graphs, FTSes 7, 8, and 90 m h e r  heating of the ma%er%& at 
even higher tanperattares is anticipated i n  order t o  eanplete the  
thermogram, 

The second 
The vent hole 

StaStf-ag a t  25OG the  material was 
After each 

A% the end of the eoolfng p r i o d ,  the 

To date, 

A% noted in a previous investigation, t he  f5mt mall but 
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Top View 

A ,  G l o v e d  Box 
B, Roof Glass Window 
C, Taped Samples 
D, Front Glass W i n d o w .  
E, Microscope in Position 

t 

Front View 

FIGURE 6*0  MICROSCOPIC EXAMINATION OF 
Pu(S04)204H20 CRYSTALS I N  GLOVED BOX 

* *  
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I 

significant. loss i n  weight (0.05$) occurred at about 650G 
t e s t s  shuw an increased loss too&) a t  100°C and a major weight loss  
a t  l16°C0 
a t  the prescribed heating r a t e  of 5 t o  1@G per 24 hours. 
t o  1 6 5 O 6 ,  t h e  r a t e  of weighti loss  slowed slightly t o  g ive-a  short 
plateau i n  the curve which may indicate the existence of another 
hsdpate of plutonium sulfate* A% Z4@S, the canpound a p p a r d - t o  have 
approached constant weight. From 280 to 325°Cthe sample weight varied 
less than 1-w i n  1O00, as s b n  i n  Table 2e 
loss i n  t s range was found , to be 14.23% as  compared to  a theoretical  
value of 1 7 .32$ for the complete loss of water upon formation of the 
anhydrous s a l t  fpom plutonium sulfate  tetrahydrate. 
indicate that  the hydrated' plutonium(IV) sulfate  prepared i n  this 
laboratory contains four molecules of water crystalliza%iono 
work had only  estimated %his value empisically by subtracting the sum 
of t h e  experimentally detemined pJutonium and sulfate content from 
100 percent. 

Present 

The material continued ta. lose weight up to about 150°G 
F'roln 150 

The average weight 

These resu l t s  

Previous 

Table 3 compares these values. 

WHCFrlT VARIATION- OF Pu( SO,),. 4hO WITH TEWEXUTURE 

Temperature, '(3 Pu(33,)."4HaO, g o  

WATER OF CRYSTALLZZATION I N  P ~ ( S 0 , ) , ~ 4 ~ 0  

242c 
Percent 

4z4 - Method Molecules 

Theoret 1cal 4.00 14032 
Ba'piPiea 3096 140 20  
Ekpepimental 3099 140 23 

Other investigators ' have prepared an "anhydrous" plutonium 
sulfate  by other means and have found the  matertal t o  be very hygroscopice 
kcordingly,  a qual i ta t ive study of the s t a b i l i t y  i n  a i r  of  the anhydrous 
plutonium sulfate  a s  prepared i n  t h i s  laboratory was started. The 



24 

"dehydrated" Pu(SO4)2 obtained by heating the tetrahydrate t o  various 
temperatures between 290 and 325OC w a s  exposed t o  uncontrolled laboratory 
atmosphere of reltkive humidities of about 60 and 70% for  various periods 
of time. The weight of the compound before and a f t e r  exposure w a s  
recorded. The resul ts  presented i n  Table 4 show tha t  a small but 
significant amount of moisture w a s  absorbed af te r  24 hours at  60$ 
re la t ive  humidity by Pu(SO4)2 formed at  about 29OOC. 
formed at  about 325% was more res i s tan t  t o  moisture absorption a t  
60$ relat ive humidity. 
absorbed moisture within 24 hours. 
of the material before exposure t o  the atmosphere was obtained by heating 
e i ther  at the temperature of formation of the compound or at 12OoC, 
Table 5 *  Moreover, there was -  no d i f f icu l ty  encountered i n  weighing 
the mater ia l - to  constant weight i n  an atmosphere of 70% re la t ive  
'humidity using normal techniques, Table 6. 

Plutonium sulfate  

A t  about 70% re lat ive humidity t h i s  material 
In  a l l  cases, the original weight 

TABLE 4 

STABILITY OF "ANHYDROUS Pu(S04)211 IN AIR 

Relative Temperature of Testing Weight Gain, 
Humidity, $ Formation, OC Period, hours W S 0 * ) 2 ,  $. 

60 
60 
60 
60 
60 
60 
60 
70 
70 

290 
290 
325 
325 
325 
325 
325 
325 
325 

24 
96 

4 
28 
44 
68 
92 
72 
96 

0,05 
0.61 

<o 0 01 
0.06 
0.05 
0.03 
0.06 
0-25 
0.52 

TABLE 5 

EFFECT OF REHEATING MOIST  ROUS ~ u ( s 0 4 ~ f 9  AFTER EXPOSURE TO AIR* 

Temperature of I n i t i a l  Weight 3t)t Reheating temp- F i n a l  Weight 
Formation %OC of Sample, g* ererture, OC of Sample, &. 

290 0.30628 290 0,30630 
290 0.30628 120 0,30627 
325 0.30621 325 0 30619 

0,30621 120 0,30617 
325 
325 

0.30621 120 0 e 30614 

* a t  relat ive humidities of 60 and 70% 

a t  temperature of formation 
** 
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Time, days 

FIGURE 1Q. LOSS OF WEIGHT OF P I ~ ( S O ~ ) ~ , ~ H ~ O  at 120k2OC IN VENTED WEIGHING BOTTLE 
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howeverp a t  a point where %he weigh% of t he  mmpound is eqxivalerrt t o  
plutonium sulfate with 1.15 molecules of water. 
of' possible hgrdrat-es a% th fs  po.PrrC * a d  with less tlian' one- molecule of' 
water is being madeo 

Fw%he%o investfgation 

&e lh ina ry  tests on the  thermal stabiPi%y of' . F ' U ( S O ~ , ~ ~ ~ O  ursfng 
t h e  thermocouple me%hod showed an ''apparent phase tnoeonsi+,ion tempnoatwe' 
at a'ou% 6WCo 
&er about l l o O C  and no furbher work a% OF above this temperature was 
att#anptPdo 
was heated at l l 5 O C ,  a refmes%igation of  t h e  phase %rmsi%fon at thfs 
temperature was W n g  $he appma%us s h m  in Figwe 3 and the 
praw+m pmviou~ ly  as&, two prtfom (375 mgo 1 of ~ u ( S o J ~ ~ 4 ~ 0  from 
1e-t ef materfal prepared Irim months p m v % o a y n  were heated &om 25' 
t o  l@@C. 
per minute i n  order t o  p%soc%uee a l inear response on t h e  recorder at 
%bout 116% when an emp%y weighing bot t le  vas heatedo and t o  detee'k 
mom easily any infPee%ion i n  the curve when the sample was heated. 
X plot of %he heating eWve 02 FI.I(SO,),~~GO i n  Figure l Z a  again shows 
a s l igh t  divergence f r o m  lihearity at  %bout ll@%o M h e p  work i3 
contemplated t o  de%emfne the  nature of these two psinbao 

The heating m e  fop the mmpswnd became mn-linear 

W%th the discovery of a large l o s s  of weight when the hydrate 

TRe %emperaturn rise of' $he oven was regtflatd $0 about 3'3G 

~ 

Discussion 
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FIGURE 12, HEATING CURVE, OF Pu( Wg) 2 - 4H20 ( TEEF&IOCDuPLE METHOU) 
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The study of other hydrate forms of platoni im sulfate  hydrates, 
Figures 9, 10, and 11, containing less  than four molecules of water of 
crystal l izat ion w a s  based on %he different dissociation pressure of each 
hydrate forme&. A t  constant temperature, each sjnple hydrate has a 
dissociation press'ne below which it is stable.  8 Upon heating the 
tetrahydrate a t  constant temperature, a loss i n  weight should occur 
un$il the dissociation pressure of the hydrate once again:equals the 
ambient water vapor pressure. A t  t h i s  point, constant weight, indicative 
of the formation of a lower hydrate, is attained; the weight remains 
constant as long as the temperature and the ambient vapor pressure does 
not vary. 
the next lower hydrate should be similarly formed by rais ing the temper- 
ature s l ight ly . )  
known t o  vary and constant weight for  any lengthy period of time was not 
t o  be expected. Nevertheless, significant inflections- on the&heating 
curve corresponding t o  changes i n  hydrate form should be apparent. 
Since it was  not possible t o  record the weighings of the hydrate contin- 
uously during the heating process, it i s  not unlikely that these signi- 
f ican t  inflections were obscured or even completly by-passed, 
resu l t s  of t h i s  investigation should be interpreted only on a qualitative 
basis 

(Since the dissociation pressure i s  temperature dependent, 

During t h i s  test  the ambient water vapor pressure was 

The 

The curve, Figure 12, obtained for  F ' U ( S O ~ ) ~ ~ ~ H ~ O  i n  tes t ing  i ts  
thermal s t ab i l i t y  by the thermocouple method showed l i t t l e  resemblance 
t o  thermograms similarly obtained with other hydrated compounds in the 
or iginal  calibration runs. Ending further investigation, it appears 
t ha t  the use of the term "phase t ransi t ion temperature'' f o r  both of the 
inflections obtained fo r  F U ( S O ~ ) ~ * ~ H ~ O  a t  600 and llO°C may be et m i s -  
nomer since an inf lect ion on the heating curve may not only be caused 
by a change i n  hydrate form but by any physical circumstance, such as 

For the advocates of alpha radiolysis, a convenient explanation for the 
small l o s s  of weight a t  the first dfvergence i n  the heating curve (6OoC), 
on heating the material from room temperature t o  lQQOC, may be considered 
as the release of internal  gaseous decompostion products from the 
hydratejs cyrs ta l  structure. 
60Oc cannot be attributes t o  the removal of water of hygroscopiscity 
alone since the magnitude of t h i s  weight l o s s  i s  out of proportion t o  
the resul ts  obtained from the humidity tes t ing of Pu(SQB)~*~H~O by a 
factor  of 3 .  

evolution of gas, which 'would cause absorption of energy i n  the system, 9 

The loss  i n  weight and the inf lect ion a t  

The investigation of the effect, of alpha radiolysis on pU(S04)2°4H& 
The radiation decomposition of water i n  ei simple solid- poses a problem. 

l iquid system i s  known t o  produce predominantly elemental hydrogen 
hydrogen peroxide and f ree  hydroxyl radicals.le By analogy, it has been 
presumed that t h i s  reaction a l so  takes place i n  the water of c rys ta l l i -  
zation of the tetrahydrated plutonium sulfate ,  
microscopic examination nor determination of plutonium content, nor t o t a l  

Since neither macroscopic- 



weight change over a period of a year have given any indication of 
i n s t ab i l i t y  of the compound, it may be postulatea that alpha radiolysis:  
(1) does not occur i n  any significant,  presently-detectable deg5eP-h 
pU(S04)2*4&0; (2 )  i f  occurring, even after a corisidererble period of 
t i m e ,  produces a s t a t e  of equilibrium indistinguishable from the i n i t i a l  
state;11. or, ( 3 )  may cause the formation of decomposition products which 
are contained within the structure of the hydrate by adsorption, or 
by dissolution i n  the water of crystal l izat ion.  

1. 

2. 

3, 

4 .  

5. 

6. 

7. 

8.  

9.  

10. 

11. 
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THE DET(ERMINATI0N OF SULFATE I N  PLUTONIUM SULFATE TE"YDRAm . .  

C. E. P i e t r i  and J. A. Baglio 

In  evaluating various compounds for  use as possible primary anal- 
y t i c a l  standards of plutonium, it became necessary t o  determine the 
exact composftlon of pure h(sO4)2.4H&. 

1 metric t i t r a t i o n  was developed for  the determination of plutonium. 
The determination of sulfate  with similar accuracy i n  the presence 
of plutonium, however,-presented a problem since it was  known that the 
classic  Bas04 precipitation i s  plagued by coprecipitation contamination. 
Previous determinations of sulfate i n  plutonium sulfate  solutions by 
BaS04 precipitation have given resul ts  biased by 0.3 t o  2 percent. 4 * 5  
I n  order t o  improve the accuracy of the sulfate  determination, a number 
of methods:' 'including ion exchange techniques have been used t o  remove 
some of these contaminating ions prior t o  the gravimetric determination. 
Since the ion exchange separation maybe applied t o  pure substances 
containing o n l y  sulfate  ions as the anionic species, it would be w e l l  
sui ted t o  high purity Pu(SO4)2*4&0 because th& sulfate  ion i n  t h i s  
compound af te r  separation may be determined volumetrically, rather than 
gravimetrically, by a more rapid, simple t i t r a t i o n  of the l iberated 

A method based on an oxfdi- 

2 ,  3 

acid, 9 ~ 1 0 ,  11 

Based on previous work with uranium12and the knowledge tha t  
plutonium, i n  any of i t s  oxidation states,  is adsorbed on Dowex-50 
res in  from di lute  s o l ~ t i o n , ~ ~ * 1 4  a sulfate  determination a f t e r  ion 
exchange separation w a s  investigated. 
laboratory consists of adsorbing the plutonium on Dowex-50 cation 
r e s in  followed by an acidimetric t i t r a t i o n  of the displaced hydrogen 
ion which is  equivalent t o  the sulfate  content of the sample. 
ion exchange reaction, simplified, is: 

The method developed a t  th i s  

The 

4ReSOsH + + 2804-2 e ( R o S 0 s ) ~ F ' u  + 4 &  + 2s04-2 (1) 

In  neutral and l o w  acid solutions, ion exchange is complicated 
by the complex hydrolysis of plutonium sulfate.  
plutonium salts result ing from the hydrolysis prevent the complete 
f a rmt ion  of a l l  the sulfate-equivalent f ree  acid. 
prevention of t h i s  plutonhm hydrolysis i n  neutral s8lution (a prere- 
quis i te  for  t h i s  method) was  u t i l ized for  the adsorption of plutonium 
on a cation exchange resin.  

Apparently, the basic 

A technique fo r  the 

Reagents and Apparatus 

Plutonium Sulfate Tetrahydrate, Pu(S0,)2*4HzO, prepared by evapor- 
&io0 of HzS04 solution of plutonium(1V)l~ made from high puri ty  
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plutonium metal (99.96$) obtained from Hanford Atomic Products Operation 
and Los Alamos Scientific Laboratory. 

Ferrous Sulfate Heptahydrate, FeS04-7H20, reagent grade. 

Sodium Hydroxide Solution, 0.&000N, prepared by dissolving 1.60 g. 
of reagent grade NaOH i n  500 ml .  of d i s t i l l e d  water (carbonate-free) 
and di lut ing t o  1000 ml. i n  a volumetric f lask .  The normality of t h i s  
solution is  determined by t i t r a t i n g  against a known weight of potassium 
acid phthalate, National Bureau of Standards primary standard No. 84e. 

Dist i l led Water, carbonate-free, prepared by boiling d i s t i l l e d  water 
i n  a quartz beaker fo r  one hour. 

Phenolphthalein Indicator Solution, prepared by dissolving 1 g. of 
the salt  i n  100 m l .  of ethyl alcohol, 

Ion Exchange Resin. About 50 g. of Dowex-50 (x-8, 50-100 mesh, 
hydrogen-form, analytical  grade) is  washed f ree  of "fines" with d is -  
t i l l e d  water. The resin, loaded i n  an ion exchange column s i m i l a r  t o  t ha t  
shown i n  Figure 1, is washed with 2N HC1 u n t i l  the effluent is  of the 
same acidi ty  as the wash solution. It i s  further rinsed with carbonate- 
f ree  d i s t i l l e d  water u n t i l  25 m l .  of the "effluent gives a constant value 
of less  than 0.2 m l .  when t i t r a t ed  w i t k i  mdized O.&OOOIV NaOH. The 
res in  i s  stored i n  100 m l ,  of carbonate d i s t i l l ed  water. In  order 
t o  prevent plutonium hydrolysis, a portio the res in  is  placed on a 
sheet of absorbent f i l t e r  paper and a l l  o drain, but not air-dry, 
for  about 30 seconds before mixing with the sample. 

Ion Exchange Column. A buret, or ion excknge column, shown i n  
Figure 1, is loaded with 10 cm, of w e t  cation resin. 

Buret, 5@mlO capacity, 0.1-ml. subdiv$s.$ons. 
i 2' 

* r  

Hot Plate, with thermostatic heat co&*qli5 .- > > f $  a,*> "I 

%*m \._ ; ?. :"" 
Procedure : a !  

i. ,, 
i t L j \ %  m. $ I 

Weigh by difference t o  k0.02 &'. a sample of any pure plutonium 
sulfate  containing from 20 t o  50 mg. of suif*te anti place i n  a 30-ml. 
f l a s k .  Add approximately 3 of slight1y:moist Dowex-50 cation r e s in  
t o  the f l a s k .  
shake the resin-sample mixture well. P1ace"'the f l a s k  on a thermostat- 
ically-controlled hot plate s e t  at  6ooc. 
beforehand by manipulating the 
is  reached on a thermometer immersed i n  a beaker of water previously 
placed on the hot plate.)  
by swirling the f l a s k  i n  a circular  motion. 
ta t ing  u n t i l  no vis ible  traces of the sample are apparent. 

Add enough d i s t i l l ed  water to,make a thick s lurry and 

(The temperature i s  regulated 
n t i l '  the &sired' 'temperature 

Agitate the resin-sample s lurry frequently 
Continue heating and agi- 

Heat the 



“. . 

’, 
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s lur ry  fo r  an additional 10 minutes. Remove the f l a s k  from the hot plate  
and carefully pour the res in  s lurry in to  a previously prepared ion 
exchange column containing Dowex-50 resin,  Allow the res in  slurry 
t o  s e t t l e  and insert  a glass wool plug on top of the res in  bed, Place 
a 100 m l .  beaker under the t i p  of the column t o  collect  the effluent.  
Adjust the flow ra te  of the solution t o  about 3 ml. per minute. When 
the l iquid level  i n  the column reaches about 2 mm. from the top of the 
r e s in  bed, stop the flow of l iquid,  
held the sample-resin slurry, with 5 ml .  of d i s t i l l ed  water. 

Rime the original f lesk ,  which 
Add the 
Repeat ings t o  the column and col lect  the effluent as before. 

ing step four additional times making sure tha t  the sides of the 
column are washed, 

Inser t  a Teflon-covered s t i r r ing  bar i n  the beaker containing the 
acid effluent and place the beaker on a magnetic s t i r r e r  s e t  t o  ag i t a t e '  
the solution. Add 2 drops of phenolphthalein indicator t o  the solution. 
Ti t ra te  the solution with standardized 0.04000N NaOH u n t i l  the appear- 
ance of 8 f a in t  pink color, Record the volume of NaOH used. Prepare 
a blank solution by passing carbonate-free d i s t i l l e d  water through the  
ion exchange column and collect  26 m l .  of the effluent.  Titrate t h i s  
blank with standardized NaOH, as before, and record the volume. Correct 
the sample t i t e r  by subtracting the blank. 
t en t  of the sample as follows : 

Calculate the su l fa te  con- 

48.03 x A(B-C) 
$334 = D 

Where: A = concentration of standard NaOH, N 

B = volume of NaOH used t o  t i t r a t e  sample, m l ,  

C = volume of NaOH used t o  t i t r a t e  blank, m l .  

D = weight of sample, g.. 

Experimental 

I n i t i a l  Experiments. Preliminary studies were made using ferrous 
su l fa te  heptahydrate as a substi tute for  plutonium sulfate  tetrahydrate. 
Using the outlined procedure and omftting the * i n i t i a l  treatment of the 
sample w i t h  res in  t o  prevent hydrolysis, ' the sulfate  -ontent of the 
samplds was determined and found t o  be within O,&$ of the theoret ical  
value. 
yzed samples were used. 

No difference i n  resu l t s  w a s  found when hydrolyzed and unhydrol- 

On the basis of the data obtained f o r  the ferrous sulfate samples, 
a d d i t i o w l  studzes with plutonium were consiaertd just i f ied.  

separate plutonium from samples of Pu(S04)2 4 H z O  i n  neutral solutiogs 
regardless of the rapid hydrolysis which would occur when the 

Plutonium Separation and Hydrolysis Studies. An attempt W I E ,  made t o  
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material was dissolved i n  water. 
showed the method successful with th i s  element. 
samples of Pu(S04)2*4&0 were placed i n  beakers and 5 ml. of d i s t i l l e d  
water was  added, As expected, the samples did not dissolve appreclablyj 
instead, the solutions rapidly turned brown and a brown precipitate 
began t o  form. 
washed, and t i t r a t e d  with standardized NaOH according t o  the outlined 
procedure. 
hydrolysis w a s  omitted.) 
column by the f i l t e r i n g  action of the resin, a small amount of material 
w a s  adsorbed on the column as indicated by a thin, dark band, and the 
remainder of the material passed through the res in  bed with the effluent. 
The data, Table 1, shows low, e r ra t ic  resul ts  apparently caused by for- 
mation of plutonium hydrolysis products. 

Previous studies with hydrolyzed iron 
Four 80 t o  102&g. 

The s l u r r i g s  were passed through the ion exchange column, 

(The i n i t i a l  treitment of the sample with res in  t o  prevent 
Some of the solid remained a t  the top of the 

TABLE 1 

THE DETERMINATION OF SULFATE I N  HYDROLYZED Pu(SO*)~*~H~O 

(Ion Exchange Separation-Acidimetric Titration) 

sampie Weight, mg. 

102.21 

79.96 

92 09 

94.21 

SO4 Found, 8 
30.88 

29.72 

Since plutonium.in aqueous solutions begins t o  hydrolyse a t  acid- 
i t i e s  less  than Oe1Nf6 samples of Pu(SO4)204&0 were acidified t o  prevent 
this hydrolysis. 
were dissolved i n  known amounts of standardized 0.1N HmO3, 8s is 
usually recommended, and were added t o  the res in  column. 
was washed with a known volume of the acid. The acid remaining i n  the 
column w a s  removed by washing with d i s t i l l e d  water. - The acid effluent 
from the column was  collected and , t i t ra ted  with standard2zed NaOH 
according t o  the outlinecFprocedure, 
of acid added t o  dissolve the sample and wash the column was made on 
the t o t a l  t i t e r .  The .data i n  Table 2 shows poor resul ts .  Apparently 
a small error  i n  the amount of acid added t o  th& sample t o  prevent m o l -  
ysis i s  magnified when the acid "spike" is  subtracted from the relat ive-  
l y  small t o t a l  t i t e r .  
i n  the t i t r a t i o n  method was discontinued. 

Four 98-mg, samples of plutonium sulfate tetrahydrate 

The column 

A correction fo r  the i n i t i a l  amount 

Further investigation of t h i s  modification 



THE DETERMINATION 

(Ion Exchange 

Sample Weight, mg, 

98 0 89 

98 44 

95 007 

97 039 

37 

TABIB 2 

OF SULFATE I N  ACIDIFIED P u ( S O ~ ) ~ ' ~ H ~ O  

Separation-Acidimetr i c  Titration) 

Returning 
dissoluthon of 

t o  the separation of 
plutonium hydrolysis 

so4 Found, 5 

38 0 47 

38 0 69 

38 00 

37 0 77 

Average 38,23 k 0.40 

plutonium I n  neutral  solutions,  'the 
products by ion exchange techniques 

was  attempted since sfmilap treatments had dissolved such "insoluble" 
substances as BZrSO4,18 A lO-mg, sample of P~(SO4)2~4H20 wets placed 
i n  a 5O-ml, f l a s k  and hydrolyzed by adding 10 ml. of d i s t i l l e d  water. 
About 2 g. of Dowex-50 resin were added, and the beaker was  heated 
with shaking, 
sulfate remained, 
colmpletely adsorb the m t e r i a l .  
dissolved but only at, a very slow rate,  Table 3 -  

After about 30 minutes, some of the hydrolyzed plutonium 
An a8di t ioml  hour of heating and 3haking fa i led  t o  

Apparently the material could be 

TABU 3 

THE DISSOLUTION OF HYDROLYZED Pu(S04)2"4&0 BY ION EXCRAIBGE TECHNIQUE 

T h e ,  Minutes 

30 

90 

150 

210 

270 

Dfssolution - 

Slight 

Slight, improved 

Increased 

Extensive 

Nearly complete 

- 5  . 



Prevention of Plutonium Hydrolysis. A second experiment w a s  mde 
using ion exchange techniques. This time, an attempt w a s  made t o  fore- 
s t a l l  the hydrolysis of plutonium. A means of adsorbing plutonium on 
the res in  from neutral  solution was used. A 10-mg. sample of Pu(s04)2°4H20 
was placed i n  a beaker and approximately 1 g. of s l igh t ly  moist Dowex-50 
res in  w a s  added. 
form a thick s lur ry  and the resin-sample mixture w a s  s t i r r ed  well. 
mixture w a s  warmed a t  about 6ooc and s t i r red .  After about 10 minutes 
nearly a l l  of the sol id  PU(SO,),~~H~O had disappeared. 
d i s t i l l e d  water w a s  added and the heating continued. After 5 minutes 
the solution w a s  c lear  indicating that adsorption on the res in  had 
taken place successfully without any perceptible hydrolysis occurring. 

A small amount of d i s t i l l e d  water w a s  added so as t o  
The 

About 5 m l .  of 

Determination of the Blank Correction. A s l igh t  error of 0.05 m l .  
i n  the determination of the t i t e r  value for  the d i s t i l l e d  water blank 
i n  the t i t r a t i o n  method resul ts  i n  a relat ive error  of .0.15$ i n  the 
sulfate  content of the sample. An error as large as 0.4$ re lat ive can 
occur if the blank correction i s  not applied. 
ments with d i s t i l l e d  and deionized water the blank correction w a s  very 
high and contributed a significant error t o  the sulfate  determination. 
When d i s t i l l e d  water was  boiled t o  remove dissolved C02, the blank w a s  
reduced appreciably, Table 4. 

In  preliminary experi- 

TABLE 4 

REDUCTION OF THE BLANK CORREKTION 

Water Treatment Blank, m l .  * 

Dist i l led 0.35 

Disti l led,  Deionized 0.32 

Disti l led,  Boiled 0.13 - 0.15 
Disti l led,  Boiled, Deionized 

* 0.03387” NaOH 

0,14 - 0.15 

Results 

Following the prescribed method, the sulfate  composition of the 
i n i t i a l  l o t  of plutonium sulfate tetrahydrate, prepared for  standards 
work from high puri ty  plutonium metal, was found t o  be 38.19$ as 
compared t o  the theoret ical  value of 38.17%. 
other l o t s  of Pu(SO~)~*4H~O were analyzed fo r  sulfate  as shown i n  
Table 5 e 

Additional samples of 
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TABLE 5 

TIIE DETERMINATION OF SULFATE I N  P I l ( s 0 4 ) 2 ' 4 H 2 0  

(Ion Exchange Separation-Acidimetric Ti t ra t ion)  

~ Sample Weight, mg. SO4 F Q ~ ,  $* 

118 e 18 38.22 

95155 38 05 

104.12 

109.89 

38.00 
. .  

38.19 
_. . 

Aver age 38.12 f 0.09 

* Theoretical value = 38.17$ 

Discussion 

The accuracy of t h i s  method appears t o  be limitgd by the acid- 
imetric t i t r a t i o n  which needs further refinement. 'Inspection of the 
experimental?date shows that a variation of 0.1ml. i n  the t i t r a t i o n  
produces a 0.3% change i n  the s u l f a t e  content. 
d i lu t e  solution of less  than OeO2N sodium hydroxide instead of the 
present O.&N base, the change is  reduced more than half i t s  or iginal  
value. I n  addi t im,  a more accurate determination of the endpoint 
may be obtained by a potentiometric t i t r a t ion .  A n  alternate method 
would consist of a t i t r a t i o n  with weight burets coupled w i t h  a 
potentiometric endpoint determination. 

By us i  

The technique used t o  prevent hydrolysis of P~(SO4)2~4&0 i n  
neutral  solution is  based on differences i n  'dissolutioh, hydrolysis, 
and ion exchange equilibrium rates of the material. 
i n i t i a l  s l i gh t  dissolution of so l id  Pu(SO4),*4&O i n  w a t e r  is suffi- 
c ient ly  more rapid than the hydrolysis of the plutonium ions formed. 
Accordingly, these plutonium io&?., when i n  close proximity t o  a 
cation resin,  are rapidly adsorbed, and hydrogen.ions* are released in to  
the solution., The h@rogen ions produced tend t o  reverse the hydrolysis 
reaction, and with less competition fo r  plutonium ions f r o m  hydrolysis, 
more exc?mge on the res in  takes  place. Heating the resin-sample slurry 
accelerates the ion exchange adsorption of plutonium and thereby in- 
creases. the hydrogen-ion concentration of the solution. 
technique based on differences i n  so lubi l i ty  is used t o  separate 

Probably, the 

A s i m i l a r  
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" insoluble " Bas 04 from t t ins  olub l e  " SrS 04. l8 

I n  the case of ferrous salts (air-oxidized t o  f e r r i c  on standing), 
hydrolysis does not interfere  with the method, as i s  indicated by pre- 
liminary experfmental data, s i  an equivalent amount of hydrogen ions 
i s  produced i n  the reaction: - 

2Fe4 + 3s04'2 + ~ H O H  --+ 2Fe(OH)3 + 6H+ + 380412 

2Fe4% 6H'W 3S04'2 (2 1 

(1 1 

Plutonium sulfates, however, probably hydrolyze! t o  a mixture of hydrox- 
ides and basic sulfate; l9 the complex hydrolysis, in t h i s  instance, 
cannot produce an equivalent amount of f ree  hydrogen ions as occurs 
with f e r r i c  ions. 
postulated as : 

For descriptive purposes a possible reaction is  

Equivalency would require : 

If the plutonium hydrolysis was of a simple nature as occurs with iron, 
Equation (l), an* equivalent mount of f ree  acid might be formed as 
follows : 

(6) 

(7 1 

Pu'~ + 2SO4 -2 + ~ROH---$FU(OH)~ + 4H' + 2S04 -2 ' 

Pu+*% 2S04-2 NZ 4H+ 
. <  
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URANIUM IN GRAPHITE WASTE 

T o  J ,  Siddons, J, S o  Paller, and J ,  Po  H i g h f i l l  

I n  the casting operations a t  the Savannah River plant, E, I, 
duPont de Nemours and Canpany, &ken, South C a r o l i n a ,  several types 
of graphite articles become contarabated with enriched uraniumo 
they are no longer useful, they are collected, sampled, and e i ther  
discarded o r  sent t o  another ins ta l la t ion  f o r  t he  recovery of the  
uranium, In  t h e  past  the recovered amount frequently fa i led t o  agree 
with the amount accountability records indicated was present, 
reason fo r  this diserepaney was thought t o  be non-representative 
sampling, 
Savannah River P lan t  (SW) and New’Brunswlick Laboratory (NBL) f o r  the  
purpose of studying t h i s  problem and eliminating the cause f o r  t he  
non-agreement 

When 

The 

In April 1959 8 t e s t  program was s e t  up between the 

Details of  tkie Test Proeram 

I, Materials 

SRP selected -l;wenty-two (22) -waste graphite items f o r  the tes t  
program, 
rods, three (3) thermocouple rods, three (3) molds, three ( 3 )  coresp 
three (3) pouring cups, and two (2) s k h f n g  paddles, They separated 
the i t e m s  i n t o  the above-mentioned categories, then sampled and 
analyzed each a r t i c l e  f o r  uranium by colorimetric procedures, The SRP 
sampling directions were as follows: 

The i t e m s  consisted of  f5ve ’ (5)  c ~ ~ s i b l e s ,  three ( 3 )  s t i r r ing  

(a) Crucibles and Molds 

The crucible o r  mold was broken in to  ehunks, Two pieces per 
cmoible, o r  one piece per mold was selected f rom a section a t  about 
the middle of t h e  a r t ie le .  
the material was used f o r  analysis, 
composite was made of t w o  dri l l ings,  

One d r i l l i ng  was made from each piece, and 
In the case of cmeiblea, a 

(b) Rods and Cups 

Material f ~ o m  one d r i l l i ng  through the middle of the i t e m  
was used f o r  t he  analytical  sample. 

Material from a d r i l l i ng  1/2-inch i n t o  the core a t  t he  midway 
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point was used fo r  analysis, 

(d) Paddles 

Material from a d r i l l i ng  through the blade a t  a point 2 
inches from the bottom was used f o r  the analytical sample. 

11, Purpose 

The t e s t  priogram then called f o r  shipment o f  the unused portions 
of the various items t o  WBL f o r  the following purposes: 

(a) Recommend improvements i n  SROO sampling. 

(b) Sample according t o  these improvements. 

(c) Ash and dissolve each a r t i c l e  completely, Analyze f o r  
uranium in order t o  provide correct overall  analysis for comparison 
With SRP resul ts ,  

(d) Return a portion of the  solution, or  a s m a l l  representative 
sample of t h e  pulverized, non-acid treated waste graphite t o  SROO for 
cross-checking purposes. 

1x1. NBL Sampling Procedure 

NBL proposed and carried out the following sampling and 
analytical  scheme. 

(a) Each i t e m  was individually crushed i n  a jaw-type crusher, 

(b) The par t ic le  s i z e  of t he  crushed material  was f'urther reduced 
t o  -30 mesh by means of a Bran type pulverizer, 

( 0 )  The pulverized graphite was blended overnight, e i t he r  i n  a 
V-type blender or  by r 'olling in  a barrel  equipped with baffles, 
depending on the weight of t he  I t e m ,  

(d) After blending, the material  w&s reduced t o  a 40 t o  100 gram 
sample by m e a n s  of Jones r i f f l e  samplers. This portion was s p l i t  i n  
order t o  obtagn two 20 t o  50 gram samples, one of w-hich was used for 
determining the uranium content a t  NBL, and i s  designated as t he  
1lSmall Sample" i n  fa5le 1, The other portion was forwarded 'to SROO f o r  
Gross checking, 
what i s  termed the" Large Sample* i n  Table 1. 

The balance of the pulverized graphite consti tutes 



IV, NBL Preparation of Waste Graphite f o r  Uranium Analysis 

In order t o  prove the feas ib i l i ty  of sample spli t t ing,  both the 
m a l l  and large samples from each i t e m  were carried through the next 
steps . 

(a) The pulverized samples were digested a t  steam bath temperature 
f o r  60 hours i n  HNO, (1+3). The insoluble residues, comprising the 
bulk of the  samples, were f i l t e red  on No, 42 Whatman paper by means 
o f  suction, and washed With hot water un t i l  f r ee  of acid, 

(b) The f i l t r a t e  plus washings w r e  made t o  volume and retained 

(0) The residues were transferred t o  nickel trays and ashed a t  

f o r  determining the HMO, soluble urbium, 

850 @C , 

(d) The ash from each sample m s  decomposed by digesting with 
aqua regia a t  steam bath temperature and f i l t e r i n g  the acid insoluble 
through No, 42  Wha.jman f i l t e r  paper. 
ignited, the residue treated with HF-H,SO, and f ina l ly  fused with 
potassium pyrosulfate, 
soluble portion, made t o  volume, and retained f o r  determination of 
HN03 insoluble uranium, 

The paper and residue was then 

The hsion cake was added t o  t h e  aqua regia 

V o  NBL Analytical Method for  U r a n i u m  in Waste Graphite 

Aliquots from both the "NO, soluble, and "0,  insoluble portions, 
were diluted t o  suitable volumes f o r  fluorometric determinations of  
uran5wn. 

In  the case of the ash solutione, the uranium content mas expected 

To one f lask  a 11 spike11 of 5 micro- 
t o  be very lowo 
ferred t o  SO-iml. volumetric flasks, 
grams of uranium was added, 

Two 25-ml. aliquots from each solution were trans- 

Both flasks ?,re then diluted t o  volume, 

Two estimated concentrations were used'& the case of the HNO, 
soluble uranium solutions, 
greater than the other. 
calculations were made for the proper s i z e  aliquots and di lut ions 
t o  give concentrations of  approximately 100 picrograms of u m i m  
per 100 ml, 
uranium measurements. 

me concentration was made 100 times 
From prelimhary fluoPumetPio r e a d i x s  

The solutions were then used fo r  t h e  routine fluoronetrio 

(a) Twenty-ml. aliquots of the above 'solutions =re used for  
analysis, 
more Peprecipitations of the R,03 group with ammonium hydroxidg. 

The sulfate and chloride ions were eliminated bv t;wo o r  
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(b) A nitrate solution was made of the  final R,O, group preoip; 
i t a t e  and the  solution was saturated adth magnesium nitrate hem- 
hydrate. 

(c) The uranium was extracted with ethyl acetate. 

(d) A 1-1. aliquot of the  ethyl aaetate layer m s  transferred 
t o  a gold dish, dried, and fused with the sodium fluoride and sodium- 
potassium oarbonate flux. 

oompared with known' standards, and ~e relationship t ranslated t o  
quantitative uranium results.  

( e )  The relative intensity of fluoresoenoe was determined, 

Results 

Table 1 shows both SRP and NBL analytioal data obtained from the  
t e s t  program. 
Cruoible 3, the uranium resu l t s  f o r  t h i s  item were not  oonsidered in  
the overall evaluation of the program. 

Due t o  the abnormally high amount of  a l l oy  found in  

(a) There i s  a bias between the trar0 sampling methods (SRP vs NBL). 
A s t a t i s t i oa l  evaluation of t he  data shows the SRP sampling i s  i n  
e r ro r  for  acoauntability purposes for  w i g h t s  of obJeots above a 
oertainminimum. 
the  weights of t he  various items are greater than the 'following: 
molds - 200 gramq oups - 300 gramg. oores - 2500 g r q  orucibles - 
300 grams; paddles - 75 grams tthennooouple rods - 100 grams, and 
s t i r r i n g  rods - 500 grams. 

(b) There is a good agreement be.t;ween SRP and MBL on the  

An er ror  of one gram or more of  uranium exists i f  

uranium oontent based on loBL sampling. In most instanoes this i s  
oomparing SRP oo l6 rhe t r io  work against NBL f luoromtr io  resul ts .  

(0) NBLls differenoes i n  the  t o t a l  uranium oontent between the  
small end large samples a re  not signifioant f o r  aooountability 
purposes. 
graphite down t o  a reasonable sample weight, providing there  i s  less 
than the following s t a r t i ng  weights of material: molds - 120,000 grams) 
oups - 30,000 grams) oores - 50,000 grams; orucibles - l0 ,qO grams; 
paddles - 8,000 grams) themooouple rode - 20,000 grams; and s t i r r i n g  
rods - 25,000 grams. 

The resu l t s  j u s t i f y  the soheme o f  sub-splitting the omshed 
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(d) With the  exception o f  t he  crucible items, the amount of 
uranium retained i n  the HN03 insolubleb i s  insignif icant  and no 
fur ther  analysis i s  required. 
of t i m e ,  since it eliminates ashing of' t h e  graphite and decomposition 
of the ash residue. 

This r e su l t s  i n  an appreciable saving 

Sta t i s t ica l ly ,  the above statement holds t rue  fo r  accountability 
work, providing the  weights of the various items are less than the 
following: molds - 300,000 g r v s j  oups - 600,000 grams; cores - 7OO,OoO 
grams$ crucibles - 3,000 grams; paddles 
rods - loo, 000 grams) and s t i r r i n g  rods - 60,000 grams. 

NOTE: The weights given in  (a), (c), and (d) were derived from the 

100,000 gramsf thermocouple 

95% confidence limits of the average percentage differences 
grouped by types . 



T A B L E  E 

U R A N I U M  I N  G R A P H I T E  W A S T E  

A B 

NBL Sampling 
SRP Sampling SRP Resul t s  
SRP Results SmaJ.1 Sample 

Weight (Cox0 ri me t r i c )  [Cola rime tric) 
(%) 

--l---^l"o"--- 
%) 

o-----l*-lo~--, 
Item ( gj 
--e- 

Mold 2 22,110 o 035 

Mold 3 20,245 040 

cup 1 2,141 ~ 000 

Mold 1 21,842 143 e 001 

0018 

No Resul t s  

0 0008 

cup 2 1,813 024 .0035 

A- B 

+. 033 

C B-C 

NBL Sampling 
NBL Sampling SRP Resul t s  
NBL Resul t s  vs NBL Results 
Small Sample Small Sample 

( %) 
. .D>--------_D-D 

(%) 

HN03 Sol. U .0006 

"O3 Insol .  U .OOOQ2 

Total U 00062 +. 0004 
I 

HN03 Sol. U 0015 

"03 Insol.  u .00003 

Total U 00 153 

HN03 Sol. U .0006 
HN03 Insol.  U .00002 

Total U .00062 

HN03 Sol. U .0015 

HN03 Insol. U .00001 

Total U . 00 151 

HN03 Sol. U .0030 

"03 Insol.  U .00002 

D C- D 
NBL Sampling 
NBL Resul t s  

NBL Sampling (Small) vs 
NBL Resul t s  NBL Resul t s  
Large Sample (1 arge) 

( %) 
-----_-_----DD 

(%) 
--ol--ooD-IDD 

HN03 Sol. U -00045 

"OB Insol,  U .00003 

Total U e 00048 +e 0001 

"0s Sol. U .0013 

"OB Insol.  U .00005 

t.0003 Total  U e 00 135 

"03 Sol. U .0006 

HN03 Insol.  U .001 

------ Total U .0007 

"Os Sol. u .0008 

HN03 Insol. U .00001 

.00081 -.0007 Total U 

HN03 Sol. U .0030 

HN03 Insol. U .00002 

+. 0002 

-. 0001 

t. 0007 

Total U .00302 t.0005 Total U .00302 None 



T A , B L E  1 ( C o n t i n u e d )  
-P- al 

A B 

NBL Sampling 
SRP Sampling SRP Results 
SFP Results Small Sample 

Weight (Colorimetric) (Colorimetric) 
( %) ------------__ ( %) --w_ -------------- I tern 

cup 3 2,103 .099 .0040 

--.. - 

Core 1 6,715 .012 

Core 2 7,113 <. 000 1 

Core 3 6,895 009 

Crucible 5 12,485 . 108 

.0005 

fool1 

. O O l  

.019 

A-B C B- C D C-D 

NBL Sampling 
SRP Sampling NBL Sampling NBL Results 

NBL Sampling NBL Results vs NBL Resul t s  NBL Results NBL Results 
NBL Sampling (small) YS vs NRL Sampling SRP Results 

SRP Results Small Sample Small Sample Large Sample (large) 
---- 1% ---fa ------- ($3 ---- --- -- _ _  -_ (%) (%) 

t. 095 HN03 Sol. U .0039 Iw03 Sol. U .0030 

------------- _____- -_- -___ 

HN03 Insol. U .00004 HN03 Insol. U .00005 

Total U .00394 t. 0001 Tota l  U .00305 t. 0009 

+. 012 HN03 Sol. U .0006 HN03 Sol. U .0005 

HN03 Insol. U .00001 HN03 Insol .  U .00005 

Total U .00061 -. 0001 .00055 None Total U 

-9 001 HN03 Sol. U -0024 "03 Sol. U .0018 

H N O ~  Insol. u .00004 HN03 Insol. U .00003 

Total  U .00244 -.0013 Total U .00183 t. 0006 

+. 008 HN03 Sol. U .0013 "03 sol. u .0011 

HN03 Insol. U .00002 

Total U .00132 -. 0003 Total U .00113 +. 0002 

"03 Insol .  u .00003 

+. 089 HN03 Sol. U .020 HN03 Sol. U .018 

HN03 Insol. U .002 HN03 Insol. U .00003 

Total U .02003 -.001 Total U .020 None 



A B 

NBL Sampling 
SRP Sampling SRP Resul ts  
SRP Resul t s  Small Sample 

Weight (Colorimetric) (Colorimetric) 
(%) ----- --- ---_-- ---- Item --I!& (4%) 

Crucible  1 12,931 132 . 13 

Crucible  2 10,664 s 201 .20 

Crucible  3 11,153 303 

Crucible  4 12,890 .216 

Paddle 1 625 .11: 

1.50 

. 15 

.0035 

T A B L E  1 ( C O N T I N U E D )  

A-B C B-C D C-D 

NBL Sampling 
SRP Stunpling NBL Sampling NBL Results 

NBL Sampling NBL Resul ts  v s  NBL Resul ts  NBL Resul ts  N E  Resul ts  
vs NBL Sampling SRP Resul ts  NBL Sampling (small)  vs  

SRP Results Small Sample Small Sample Large Sample ( large)  
( 46) - D - --- - - -- - - ( %) (%) -_------------- (%) -I-&% ------ ------------- 

9 +.002 

t 001 

did n o t  use 

+. 066 

% 107 

"OB Sol. u .12 

HN03 Insol.  U .0007 

Total  U . 1207 
HN03 Sol. U .13 

HN03 Insol .  U .001 

Total U . 131 

"0, Sol. U 2.14 

"03 Insol. U .008 

Total U 2. 148 

HN03 601. U .18 

HN03 Insol. U .0004 

Total' U .18 

"03 Sol. U .0047 

"03 Insol. U .00003 

Total  U ' 00473 

"03 Sol. u .ll 

HN03 Insol.  U .010 

+. 01 Total U ' 120 

"D3 Sol. U -17 

W3 Insol .  U -009 

+. 07 Total u . 179 

HN03 Sol. U 1.92 

HN03 Insol .  U 0.25 

did not use Total  U 2. 17 

HNo3 soli u .19 

HN03 Insol. U .013 

-. 03 Total U .203 

HN03 Sol. U ,0029 

HN03 Insol. U .00003 

-.001 Total U .00293 

t. 0007 

-. 048 

did  not  use 

-.023 

+. 002 

.- ._ ~. . - .. ... . .. . . .... . . .I .. . 



Item 

Paddle 2 

---- 

TC Rod 1 

TC Rod 2 

TC Rod 3 

175 

165 

120 

Stir Rod 1 333 

A B 

.351 

. 188 

. 112 

~ 050 

.oom 

.w92 

'0031 

.0035 

T A B L E  1 ( C o n t i n u e d )  

A- B C 

+. 0 16 

t 343 

+. 179 

+. 109 

$, 047 

sb1. IJ .016 

HN03 Insol .  U .QUO1 

Total U - .0161 

HN03 Sol. U .0083 

"0 '3  Insol. U .00004 

Total U .00834 

HN03 Sol. U .0083 

HN03 Insol.  U .00004 

Total U .00834 

"OB Sol. u .0020 

HN03 Insol. U .0001 

Total U .0021 

HN03 Sol. U .0039 

HNOQ Insol.  U 0001 

Total U " 0040 

B- C 

VBL Sampling 
3P Resul ts  
vs NBL Resul ts  
W a l l  Sample 

.-- --l%l------ 

-.002 

None 

+, 0009 

+. 00 1 

-. 0005 

Ln 
0 

D C-D 

NBL Sampling 
NBL Results 

NBL Sampling (small) vs 
NBL Resul ts  NBL Resul ts  
Large Sample ( large)  

- - --la - - - - - - - (%) -- - --- -- - -- - 
HN03 Sol. U .015 

HN03 Insol, U .0013 

Total U .0163 -. 0002 

HNOQ Sol. U .0096 

"OB Inso l .  U. .00008 

Total U .00968 -.001 

HN03 Sol. U .0080 

HN03 Insol. U .0003 

Total  U .0083 None 

"03 sol. u .oom 
HN03 Insol.  U .00008 

Total U .00208 None 

HN03 Sbl. U .0041 

"03 Insol.  U .00007 

mtal u .00417 -. 0002 



'TABLE 1 ( C a m t i n n e d )  

A B 

NBL Sampling 
SRP Sampling SRP Results 
SRP Results S m a l l  Sample 

Weight (colorimetric) (Colorimetric) 
(98 

-I------ ---_-_ (%I I t e m  --fa, --- -- - -- -- -__ 
S t i r  Rod 2 312 .051 .0040 

'St irx ix i  3 4U. .080 .0036 

+.04? "N03'Sol. U -0020 

X"N3 U .OM)O6 

Total U .00206 

+.076 'IiNO,'&l. U -0035 

'm3 Insol. u .00006 

Total u .00356 

m3 sol. u .oom 

+. 002 Total U .0026 -.0005 

"03 UkInsol..U -0006 

"03 Sol. U -0025 

"03 Insol. U .Om05 

None Total 'U .00255 +.OO€O 

, 



DETERMINATION OF URANIUM I N  VARIOUS TYPES OF FUEL EIZMFXI' SOLUTIONS 

Wo A. Peavy and J. Po Highfill 

A uranium scrap recovery program from fue l  pin elements was begun 
during the last half of 1959 by the U. S o  Atomic Energy Commission, under 
the Technical Services Section, Mew Yolk  Operations Office, 

analytical  phase of t h i s  work, the New Bmnswick Laboratory was requested 
t o  prepare and analyze synthetic solutions of  (1) uranium-aluminum, 
( 2) uranium-stainle s s s tee1 p and ( 3) uranium-Zircaloy-2 
along wfth methods of analysis, were made available to interested parties. 
The needed information f o r  grantfng contracts was collected relat ive t o  
the selecting of a commercial laboratory, 

I n  order 
assist this graup i n  evaluating commercial laboratories for the 

The solutions , 

The methods of analysis , deta i l s  of preparing synthetic solutions, 
and New Bmswick Laboratoryf s analysis of these .solutions appear i n  
the f o l l o w h g  order, 

A .  Uranium In 'IJran%um-l\l&nm Alloy Solutbn, 

Bo Uranium in Uranium-Stainless Steel  Solution, 

C a Uranium %XI Uranium-Zircaioy-2 Solution. 

Apparatus 
___I_ 

(a) Jones Reductor (see Figure 1) - Transfer the zinc amalgam 
Keep the (prepared as described under Reagent g) t o  the mductor. 

amalgam covered at  a l l  tfms with H2SO4 ( 5 9 5 )  , Tamp it i n  place with 
a heavy glass pod, 
of w&er  through the reductor, collecting the washings i n  a ~ O o - m l ,  
f lask,  Titrate the solution with 0,02N potassium pennanganate.to a 
f a b t  pfnk end point,. 
S,Os mP. of potassium permanganate is obtained, Check the mductor 
each t h e  it is  used for  a series of samples, 

Pass 100 ml, of H2SO4 (5+95) followed by 100 ni l ,  

Repeat the operation unt i l  a blank t i t r a t i o n  of 

(b) Burst - 100-nil, capacity w%th a 5O-ml. reservoir trulb, Wormax 
grade , 

(e) Electr ical  Heaters, provided wf th  a mechanical shaker. 

(d) Infra-red Lamps (500 watts). 
,- 

(e)  Eberback Dyna-Cath, .Magnetic Mercury Cathode, 



+- 

I 
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Reagents 

( a )  Hydrogen Stillf id? 

(b): Cupferron, reagent grade. 

(CY 9 f e r r o n  Solution, 6% - Dissolve 6 go of cupferron i n  100 ml. 
of water. Keep i n  a refr igerator  t o  prevent decomposition. 

(d)  Potassium Permanganate, 2% - Dissolve 2 g o  of  potassium 
permanganate i n  100 m l .  of watero 

( e) Chloroform, reagent grade. 

(f) Perchloric &id, 7096, 

(g) Zlnc halgan, 39 - Dissolve 26 go of mercuric chloride i n  750 
m l o  of hot water containing 5 ml. €Ill%, Cool t o  roan tenperatwe and 
t ransfer  the solution t o  a strong f l a s k .  
(20 mesh)' and shake vigorously f o r  2 minutes t o  completely amalgamate 
the  zinco 

Add 700 g. of zinc metal 

Wash the  amalgam several times with water, and several times 
with (SW5)o 

(h)  Ferric Chloride Solution, 4% - Dissolve 4 go of  f e r r i c  chloride 
in 100 mlo of  watero 

(i), GPO, - -EBxture - lBx 350 ml. of &Po, (85%) with 150 lal. 

c j 1 Diphenylamine Sulfonate a Indicator - Add 0232 go of .barium 

%%J 

diphenylamine sulfonate t o  9t2ml. 0-0 

anhydrous sodium sulfatee X i x  thoroughly and allow t o  stand overnight. 
mter through a No.. 42 Whatman filter papero 
100 mlo with watero 

Stir a M  add 0.5 go of 

Dilute the fatrate  to 

(k) lbtassitan Dkchromate Solution, appr oxhate3.y O o 0 2 ~ o  
h a t i o n  of potassium dichramate solution - r a t e  approxbnately 4 go of 
National Bureau of Standards standard sample of UaO, (DS-950) i n  a 
furnace a t  900°C f o r  me horn and then cool i n  a desiccatoro Weigh 
105O00 go of the standard i n  duplioate- and t ransfer  t o  5oo-m10 
Erlenmeyer fksks. Wash down the  sides of  the flasks, add 20 mlo of 
H$O, (ISl) and 10 m l o  of HI&, 
for 3 minutes. 
repeat the fuming s t ep  three<time Add 90 do of water and heat t o  
boiling, Cool t o  roam ransfer t he  solutions t o  2ooPmle 
volmet r ie  flasks abd e a t  25%; Take a 5cr".m10 aliquot 
and a 2 5 - d 8  aliquot fm each flask a t  25% and proceed with. the 

Standard- 

Evaporate t o  strong Srg fumes and ftme 
Cool, r inse  duwn the  sides of the  flasks with.water and 
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reduction and t i t r a t i o n  a s  described i n  t h e  procedure f o r  "Uranium in 
Uranium-&bminum m o y  Solution". 
follows 8 

Calculate t h e  t i t r a t i o n  blank as 

2x( t i t r a t i o n  of the O01875-gO sample)-( t i lxa t ion  of the 0.3750 go 
sample) t i t r a t i o n  blank, aspressed i n  m l .  of potassiun dichromate 
solutfone 

Calculate the titer as followsf 

where : 

k = grams of U30eo (Cert i f icate  value for WSS-950 is  99.94% U&,). 

B = milliliters of potassium dichromate. 

(i: = t i t r a t i o n  blank. 

13 = grms of per m i l l i l i t e r  of patassium dkehramate solution. 

Use a factor  of 0,8480 f o r  converting U,O, t o  uraniun per 
mill i l i ter  of potassium dichromate solution. 

A. Uranium i n  Uranim-iXhaninm Alloy Solutiono 

10 maly t i ca l  Procedure 

( a )  Transfer an aliquot of the uranim-aluminum sgnthetic 
so lu t im  a t  ZsoC t o  a tared ,weighing bottle, and-obtain the weight of 
the sample. 
u r a n i u e  
(l*l) evaporate under an inPra-red l a p  un t i l  So, fumes appear, and 
continue fuming f o r  3arninntese 
beaker and repeat the Anfng step. 
add 180 ml. of water. 
solution. 

The aliquot shodd contain between,Oo160 and 00300 go of 
Transfer the sample t o  a 6 0 8 . m l e  beaker, add 20d.0 of %So4 

Cool, rinse down the side walls of the 
A l l o w  the solution t o  cool, and 

W a r m  on a hot plate un t i l  all salts are i n  

(b) Transfer the  solution t o  a 5OO-d. suction flask, Place 
a rubber stopper loosely i n  the  neck of the flask, Pass a stream of 
hydrogen sulfide (Reagent a) in to  t h e  f lask  -through the side ann for 
30 minutes* 
of the flask. Ulow the  aolutfon t o  stand overnighto 
sulfides,  using a I&. 40 Whatman paper. 
with %=, ( M 8 )  tha t  is saturated with hydrogm sulfideo 

Cork up the side arm and tighten the s t o p w  i n  the mck 
F i l t e r  off the 

Wash the precipitate thoroughly 
The wlume 
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of‘ t he  f i l t r a t e  should be about 225 mlo when washing is complete. 
maporate the  f’iltrate t o  g o d o  
be omitted due t o  the absence of t he  hgdrogcm sulfide group I n  the 
smaprecovery work cadmiun fs often added as a safety precaution i n  
quantit ies that  make it advFsable t o  remove as  the sulfide)e 

(Xn sane &sese the sulfide s tep can 

(e )  Add potassium permanganate solutlon, 24% (Reagent d ) ,  un t i l  

Transfer the solution t o  a ZfjGn!lo separatory f i n n e l ~  Add 
the  solution is @nk0 Cool i n  an i ce  bath unt i l  the tsmperature is 
below 5 O C e  
25 m l 0  of cupferron solution, 6% (Reagent e) and shake a few times. 
Aplow t o  stand fo r  3-4 minuteso 
e )  and shake rigorously. A l l o w  t o  stand unt i l  the  separation into 
layers is complete- Drain o f f  most of the chloroformo Repeat the  
extractions with porttons of‘ chloroform unt i l  the extract is colorless 
and add 5 mPo of cupferron solutione If the precipitate is  white and 
remains w h i t e  afeer standing a short t h e  a d  does not fnpart a brown 
color to the  next portion of chlorofcrm, the extraction is completee 

Add 25 m l o  of cold chloroform (Reagent 

(d)  Transfer t he  aqueous layer t o  t h e  or igfnal  beaker and 4 d  
15 m L  H l Q .  
lamp for  30mirmteso 
o f  watero and add 1 m l o  of  perchloric acid (Reagent f>o  Evaporate and 
fume 4 t h e s  $8 mmplertely remove t h e  cupfernon deeompositfon products 
and FINGO 

Evaporate the  solution t o  fumes of  S& under an infra-red 
Cool, wash down the sides o f  the beaker with l b l 5  de 

COOP and wash down the side walls between each fuminge 

e )  Dilu%e %he s o l a  ion t o  100 lalo heat to boiling, and add 
dropJrlse a 2$ solution o f  potassium permanganate u n t i l  the solution is 
pfnko 
reductoro 
be about 75 m l o  per minuteo 
go below the surfacb of the-amalgam “at any elme. 
3Gde portions of $Sa4 (JS+~,S) and then w%th three 3s-m10 portions of 
wa%sako eolfeof3mg the washi-ngs w k t h  %he reduced s olutfono 
solu%ion eo a 6cxr-lpne .beaker 
mfnufies, keeping the,.beakei.‘ cxmered:w-i%h a s p l i t  watch glasso Rinse 
off‘ tihe cover and amatore 

chloride solution (Reagent hle Stir and add 15 m l o  of‘ the I$&3,g-X$3Oc 
acid mix%ureo 
Tftra%e wi%h stanlard. potassfum idiQkiromate solutfon (Reagent k) to’  a 
pe%””anp$ purple &mi poknt, 
varies frm 25OC, the volume should.be caPre&ed according t o  Table 
1, ?empeoPatnre Correction &apt for  :T i t r a tkg  Solutionso 

6001 t o  mom temperature and pass the solution through a Joms 
The rate of flaw through t h e  reduotor should 

Do not permit the level  of t h e  liquid. to 
(@gara%us a ) ~  

Follow,with three 

Transfer the 
l e  aiP through t h e  solutfon for 15 
I 

? *  I .  i ‘  

(f) Add t o  %he reduc‘ed solution 20 ml. of Preshly pre ared ferrfe 

Add 8 drops of  diphenylamine-gdfonate indicator (Reagent ;j)o 

IT %he t empra tme of the Oftrating solvrtion 

U 



TEMPERATURE CORRECTION CHART FOR TITRATING SOLUTIONS 

TEMPERATURES I N  'C. I VOLUMES IN r i l l .  

20' 21' 22' 23' 24' 25' 26' 27' 28' 29' 30' 31' 32' . 33' 34' 35' 36' 37' 38' 39' 40' 
-------_Po_-- - - - - -_ I  - --  - 

10 ml -@ 02 iUo,O1 $0 01 $0.00 0 00 0.00 0.00 - C . r ) l  - 0 - 0 1  -0.01 -0 02 -0-02 -0.03 -0 03 -0.03 -0 04 -0.04 -0 05 -0.05 -0.05 -0 06 

20 $0.03 M 03 sO.02 M.01 $0 01 0.00 -0 01  - O b 0 1  -0.02 -0 03 -0 04 -0 04 -0.05 -0.06 -0 07 -0 08 -0 08 -0.09 -0 10 -0 11 -0 1% 

30 $0,05 $0.04 W.03 Jro 02 sO 01 0.00 -0.01 -0,@2 -0,03 -0 04 -0.05 -0.07 -0.08 -0,09 -0 10 -0-11 -0.12 -0. 14 -0.15 -0.16 -0 I 7  

40 $0.07 M 05 $0 O'I W,O3 -tO 01 0,GO -0 01 0 03 -0.04 -0,06 -0,07 -0.09 -0 10 -0, 12 -0. 13 -0.15 -0.17 -0. 18 -0. 20 -0. 22 -0 2:) 

50 M.08 -@,07 W.05 N.04 40.02 0.00 -0.02 -0 03" -0,05 -0.07 -0.09 -0 11 -0.13 -0 15 -0.17 -0 19 -0,21. -0, 23 -0. 25 -0.27 -0.2'3 

60 * o  10 08 %,Of; %.04 $0.02 0.00 -0 02 -0.04 -0.06 -0,09 -0.11 -0. 13 -0.15 -0 18 -0. 20 -0.23 -0 25 -0 27 -0 30 -0. 32 -0. 36 

70 $0.12 +O. 10 $0.07 tO.05 $0,03 0.00 -O,-O2 -0-05 -0.07 -0.10 -0-13 -0.15 -0.18 *20.21 -0.23 -0. 26 -0. 29 -0.32 -0, 35 '-0.38 -0.41) 

80 +O. 14 M. 11 $0. 03 M.06 $0.03 0.00 -0L03 ' -0,05 -0-08 -0.11 -0.14 -0, 17 -0.20 -0.24 -0.27 -Oo 30 -0.33 -0.37 -3.40 -0,43 -0. 45 ." 
90 $0. 15 M. 12 tO,O!l $0*06 40.03 0 , O O  -0.03 -0.06 -0, l p  -0.13 -0.06 -0.20 2 -0.23 -0.26 -0.30 -0.34 -0,37 -0.41 -0.45 -0.49 -0. 52 

100 M. 17 -toc 14 % . l O  -@*07 $0.04 -0.03 -0.07 -0.11 -0.14 -0.18 -0.22 -0.26 -0. 29 -0.33 -0.38 -0.42 -0.46 -0.50 -0.54 -0.56 
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where : 

A = weight of sample solutiono 

B = m i l l i l i t e r s  of potassium dichromate solution. 

C = t i t r a t i o n  blank, expressed i n  milliliters of potassium 
2 irlromate solutiono 

D = p a n s  of  uranium per m i l l i l i t e r  of potassium dichromate 
solution. 

If the uranium is enriched with the i d o p e  $359 the  isotopic 
content w i l l  be needed f o r  calculating the atomic weight of uranium 
and making the necessary corrections f o r  the uranium found. 

(a) Fourteen lS te r s  of a synthetic solution containing 504 go 

The solution was bottled i n  onequart  bo t t less  fitted w 5th 
ukanfum pep l i t e r  and 25 go of aluminum pep l i t e r  i n  00lM FIN% were . 
prepared, 
molded plast ic  screw c a p  and taped with Scotch pressure-sensitive tape. 

(b) Wei&ts of t he  followfng chenfcals were put in to  solution 
i n  O o l N  XN% and m a d e  t o  14 l i t e r s  with the same strength acid. 
air was bubbled through the solution overnight before bottling. 

Dry 

89,1475 go U30, (MS-ST)= 7506000 go uraniun 

4868,3 go fi(NC&j)~09&0 ~ 3 5 0 . 0  go aluminum 

cc) The weight of the W l i t e r  solution was 3505625 pounds o r  
16,131015 go 

- = 0,004.687 go U/go soln. 

3. 

6g) Three one-quart bot t les  of the solution were selected at, 
rpndm (Bottles 6 ,  9, and ll) and analyzed i n  t r i p l i c a t e  fo r  uranium 
contento The results are reported i n  Table 20 
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TABLE 2 

ANALYSIS OF SYN!C,%TIC SLUTION A 

(go Ul‘g. soin.) 

Bot t le  6 Bottle 9 Bottle 11 

0. W688+00 - OC0002 (95% confidence l eve l  per single det eminat  ion) 

(g. uj l i te r )  

5 0 40’3 5.49 
5.4435 50Q$ 
5 . 4 9  5.49 

5 o 4W~0903  (93% Gonfidence level per single det emination ) 

B. Ur4nium in Uranium-Stainless Steel  Solutiono 

1. Ahalytical Procedure 

( a )  Transfer an aliquot of t he  uranim-stainless steel synthetic 
solution at  25OG t o  a tared weigfung bott le ,  and obtafn the weight of the 
aliquot, 
Transfer t h e  sample t o  a 6oO-nl. beakerp add 15 m l o  of perchloric 
acid (Reagent f), and evapbrate t o  strong fumes of perchloric. 
d i lu te  t o  200 wl, with watero 

The sample should contain between 0,160 and 0,300 go of uranium. 

Cool, 

(b) Transfer the solution t o  a Qna-Cath mercury cell  (Apparatus 
Drain e). 

off the solution, rznse out the c e l l  wi th  watero and col lect  the 
washings with t h e  main solution. 

Electrolyze t n e  solution for 30 t o  45 minutes a t  16 amperes. 

(e)’ Add a few drops of HNG t o  the solution ard heat t o  boiling. 
Add HH,OH dmpwise until  precipitation is complete, and the solutton has 
an odor of ammoniao ( b e p a r e  the NH@H by saturating water with m), 
F i l t e r  the precipitate through a No, 40 Whatman f i l t e r  paper and wash 
the  precipitate 3 or  4 times w i t h  warm 2$ evnmoniurn chloride solution. 

(d)‘ Dissolve the preeeipitate with hot HQ (1+4)e and wash t h e  
paper free of acrd with hot water, 
f i l t r a t e  and evaporate t o  strong Sg fumes. 
and warm until all s a l t s  are i n  solutiono 

Add 20  ml. of %SO, (1+1) t o  t h e  
Cool, dilute f o  100 ml., 
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(e )  Complete the  determination a s  Gescribed under A* Section 1, 
steps ( c )  through (g)o 

2. Preparation of  Solution 

(a) Fourteen liters of a synthetic uranium-stainless steel 
solution were prepared. and bottled i n  onequart  bo t t leso  
of  the  solution corresponds t o  No. 3O4.B stainless steel minus t h e  
s i l icon,  with 1008$ uranium added. This approximates t h e  composition 
f o r  t h i s  type of  scrap solutiono The 2$ si l icon normally found was 
omitted f i a n  the synthetic solution due t o  the expected d i f f i cu l ty  of 
keeping it i n  solution. 

The composition 

(b) The make-up of  t he  solution for analysis is shown i n  Table 
30. 

TABLE 3 

COP4POSITION OF SYNTHETIC SOLUTION SIKELAFi TO NO. 304B STAIIILESS STEEL 

Canposition of Composition of Scrap Composition of Scrap 
304B S/S Soln. with 1008% Soln. Based on 

Element minus S i  U added 6020 go U/liter ---7n--- ( d l )  

100000 

0051 
00 a20 
Oo Oa6 

9022 
40 1Q 

37.35 
60 20 

( c )  Weights of the following chemicals were put in to  solution 
with “q, ( 5 s )  and made t o  14 liters with t h e  same strength HN%o 
air was passed through the  solution o v e r n i e t  before bot t l ingo 

Mn 0.51 go/liter x 14 = 7.14 go Pln x 3.258 = 23e26 go Mn(NO,), or  46.5 mlo-  

Dry 

( 5 6  Soln.). 

P 0.020 g o / l i t e r  x 14 = 0.28 Q. P x 2.291 -- 0.64 go P,%o 
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3e Analytical ResLLts 

(a) Three one -qud  bo t t l e s  were selected a t  random (Bottles 2, 
7* and 10) and analyzed in t r i p l i c a t e  for unpiumo 
reported a s  shown i n  Table 4- 

The resu l t s  a re  
I 

TABLG 4 

ANALYSIS OF SYNTHETIC SOLUTION B 

(go u/go solno) 

Bottle 2 B o t t l e  7 Bo t t l e  10  

(go Uj l i t e r )  

,60189 6,189 
6A87 60 187 
60191 60188 

60189-t30003 (95% --nfidence leve l  per s ingle  determination) 

Co Uranium i n  Uranium-Zircaloy-2 .Solutione 

lo Analytical Procedure 

(a) Transfer an aliquot of the uranim-Zirealoy-2 synthetic 
solution a t  25OC t o  a tared weighing bot t le ,  and obtain t h e  weight of 
the sampleo 
Transfer t h e  sample t o  a 6QO-ml. beakero add 20 m l o  %SO, (l+l) 

The aliquot should contain 0,160 go t o  00300 go of uraniume 
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evaporate under an infra-red lamp u n t i l  S Q  fumes appearo and continue 
fuming for  30 minutes. Cool, r inse down the side mlls of the beaker, 
and repeat the fuming step, 
mlo of water, 

A l l o w  t he  solution t o  coolB and add 180 
W a r m  on a hot plate u n t i l  a l l  s a l t s  are i n  solution. 

(b) Transfer t h e  solution t o  a 5OO-ml. suction flask. Rinse 
ou% the beaker d t h  water. Place a rubber stopper l o b s e l g i n  the neck 
of the f lask .  Pass a stream of hydrogen s-ide throughthe side amo 
Cork up the  side a m  and tighten the  stopper i n  the neck of‘ the f l a s k ,  
and allow the  solution t o  stand overnighto 
through a Noo 40 Whatman paper. 
saturated with h#mgen sulfide. 

F i l t e r  off  the sulfides 
Wash the precipitate with H&O, (2498) 

Evaporate the f i l t r a t e  t o  90 m l o  

( c )  Add potassium permanganate solution (Reagent d)  u n t i l  t he 
solutton is pink, 
Transfer the solution t o  a 258-m10 separatory funnel. 
cupferron (Reagent b )  and shake several times t o  insure c h p l e t e  
ppec’ipitation, 
(Reagent e)o 
Drain off most of tne chloroform in to  a second separatory funnel for  
further treatment, 
u n t i l  t h e  extract is colorless, retaining all of the  chloroformo 
t h  Step with cupferron solution (Reagent c )  u n t i l  there i s  no f u r t h e r  
pre@ipitationo 
and r inse  t h e  funnel several tfmes with water0 Wash the combined eh lo ro fm 
layers with 50 ml. of cold &SO, (I*)* 
main aqueous porttone 

Cool i n  an i c e  bath u n t i l  the solutfon is b low s0C0 
#dd 15 go of 

&tract t h e  precipitate with 25 m l .  of -cold chl!orofom 
Allow t o  stand unt%l t h e  separation i n t o  layers is  complete. 

Kepeat t h e  extraction with portions of chloroform 
Continue 

DPafn the aqueous layer in to  the  or iginal  5cx>pm10 f lask 

Add the ac id  washings t o  the 

t%d) Add 15 m l .  of HNG, evaporate t o  fumes of  S Q ,  and hnne f o r  
3-4 m’inutes. Cool, wash dawn the sides of the f lask,  ard add 1 ml. of 
perehlorfc acid (70$Ie maporate the solution t o  s t ~ o n g  fumes 4 times 
t o  completely remove the  cupfemn deemposition products plus “0,. 
Kfns’22 down the sfde w a l l s  with a l i t t l e  w a t e r  b e t w e e n  each-ffrming. 
Add 100 ml, of water and warn un t i l  all salts are i n  solutione 

( e )  lvdd “,OH t o  the hot solution until it is awnonical plus a 
f e w  b p s  i n  excess. 
paper, wash the ppecipitate 3 d r  4 times with warm ammonium chloride 
solution (2%). 
the  paper free of acid with hot water. Add l 5 ” m l O  of  H2m4 (1Cl) t o  
f i l t r a t e  and evaporate t o  So, fumes. Cool, d i lu t e  the solution t o  100 
m l - ,  heat t o  bofling, and add potasstun pemanganate solution (Reagent 
d),  dropwise, unt f l  the solution is pink. 

F i l t e r  the precifitate through a No, 4.0 Whatman 

Dissolm- the precipttate with hot HC1 (1+3), and wash 

(f) Complete the detemination for uranfum as described under 
& Section 1, steps ( e )  through ( g ) .  



20 Preparation of Solution 

--(a) Fourteen l i ters of a synthetic uraniunn-?ircalogb. solution 
were prepared and bottled i n  one-quart polpthylene bottleso 
ccmposition of  the  solution corresponds t o  that of  Zircaloy-2 with 
5 0 2 6  uranium added,, and approximates the  make-up f o r  this type of scrap 
f o r  processinge 

The 

(b) The composition of the solution prepared for  analysis is  
shown i n  Table 40  

TBLE 5 

CW”0SITIOEJ OF URANIUM-ZIRCALOY-2 SPMTHETIC~ SOW’I!ION 

Composition of Composition of‘ zrfrcaloy-2 Composition of Soln-0 
atwent lifscaloy-2 plus 5eM u (Based 6n 60095 go U/li ter)  
77 ( g o / l )  

- 



(d)  The weight of t he  14- l i te r  s o l u t i ~ n  was We25 pounds o r  
20,0?1080 go 

-w = 0.004251 go Ulg. soln. 

j 0  A"nalytica1 Results 

(a) Bot t les  4, 8, and 11 were selected a t  randan and analyzed 
i n  t r i p l i c a t e  f o r  uranium, The results are reported i n  Table 6e 

ANALYSIS OF SYNTHETIC SC"TI0N G 

(go U / ~ P  solno)  

60 068 6oQ72 60 w2 
60S70 6&?7 60 072 
60 cP12 60 077 60 W4 

6.W3+00OO5 - (951 Confidence leve l  per single determination), 
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ISOTOPIC ABUNDANCE MEASUREMENTS OF URANIUM WITH TEIE MASS SPECTROMEm 

H. 0. Finley and E. E. Leuang, Jr. 

The present procedure for  the analysis of uranium-by mass spec- 
trometry i s  being further evaluated by additional measurements i n  the 
detClrMnation-of the--isotopic content of the National Bureau of Standards 
mSS-U-200 uranium sample.1- A sol id  source, triple-filament arrangement 
w a s  used i n  these measurements. 

The previous evaluation of the NEE-U-200 standard by th i s  labora- 
tory was based on two charges from which an average of three assays w a s  
reported. 
more recant charges, are l i s t ed  i n  Table 1, i n  weight percent. 

The values for  these two charges, and the values for  two 

A report of the Advisory Committee for  Standard-Reference Materials 
and Methods of Measurement contains the National Bureau of Standards 
best  estimate of pooled values for  the isot6pic cogposition of a 
uranium oxide (UaO8) material l isted as NBS-U-200. The pl;ovisional 
Certif icate f o r  St&ndard Sample U-200 issued by the Rationil BlireeLu 
of Standards a l so  contains values for  the isotopic composition. 
These are l i s t e d  i n  Table 2. 
obtained by New Brunswick Laboratory were converted t o  atom-percent 
and a l so  listed. 
that there is  no significant difference between New Brunswick Labora- 
toryrs values and e i ther  s e t  of National Bureau of Standeds’ values. 

For comparative purposes, the values 

A s t a t i s t i c a l  comparison of the data indicates 
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