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ABSTRACT 

'1 A description is given of the method used at the Western Divi- 
sion of The Dow Chemical Company for the determination of uranium 
in phosphoric acid and other phosphatic materials. The extent of 
interference by cationic and anionic substances is reported, as are 
the effects of variation in technique and handling. 

Detailed instructions, with drawings, for the construction of the 
modified fluorimeter used are included. Other equipment needed and 
the chemicals consumed by the method are tabulated. 
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THE FLUORIMETRIC DETERMINATION OF 

URANIUM IN PHOSPHORIC ACID 

Many inves t iga tors  (1, 2 ,  3 ,  4, 5, 6, 7, 8,  9 ,  10, 11, 
12, 13) have s tudied the fluorescence of wmfm in a f luo r ide  
flux and have developed o r  improved ana ly t i ca l  procedures u t i l i -  
z ing this phenomenon. The standakd deviat ions assoc ia ted  w i t h  
these procedures a r e  a l l  very neakly the same, roughly 5 per 
cent  

A number of elements contrfbute  t o  thfs devta t ion  by 
i n t e r f e r i n g  w i t h  the  manium fluorescence i n  one of  two ways. 
(1, 2 ,  3 ,  4, 5 . )  F i r s t ,  c e r t a i n  elements cause a decrease i n  
the fluorescence and s o  a r e  ca l led  quenchers, Second, other  
e l e m n t s  cause a sh i f t  in the f luorescent  spectra ,  resu l t ing ,  
as the concentration of the interfering element i s  -creased, 
i n  an  increase i n  i n t e n s i t y  followed by a decrease.(5)  
demen t s  o f  which microgram quantf t i e s  appreciably reduce wan-  
fum fluorescence are:  A g ,  Au, Coy C r y  Cu,'Fe, Hg, Ir, 1Mn, N i ,  Pb,  
P t ,  T h y  and Zn. O f  these i ron  is the major queneher present  fn 
commercial phosphoric acid.  

A t heo re t i ca l  treatment of quenching has been reported 
by Price,  F e p r e t t i  and Schwartz ( 3 ) ,  who found that quenching was 
dependent on the concentration o f  the quencher and not  on the wan-  
fum to,quencher r a t i o .  By d i l u t i n g  the so lu t ion  su f f f c l en t ly ,  the 
e f f e c t  of the quencher becomes negl ig ib le ,  However, i n  many cases 
the r e su l t fng  concentrat ion of uranium is s o  low t h a t  a very sensi-  
t i v e  instrument 1s necessary t o  determine i t s  fluorescence.  Such 
instruments have been designed ( 3 ,  10, 1J+), and i n  most cases oper- 
ate very well. Chance contamfnatfon 1s probably the largest source 
of e r l a t i c  r e s u l t s  fn thfs df lu t fon  procedure and grea t  care  must 
'be taken t o  mfnimtze this soulace of e r r o r ,  

Quencher 

D i f f i c u l t i e s  were encountered in the determination o f  
hosphatic mater ia l  uranium i n  crude phosphoric ac id  and other  

when the d f lu t ion  technfque was applled ( 157 Accurate analyses 
were made but severe etching of the platinum dishes used decreased 
t h e i r  r e f l e c t i v f t y ,  made them d%f"f%eult t o  clean and shortened t h e i r  
l i f e ,  As a result  an e x t m t i o n  method was deemed necessary. 

Quenching may also be avolded by, a chemical separa t ion  of 
the uranium f rom the contaminants qesponsfble f o r  i t .  T h i s  separa- 
tion can be accomplished by ext rac t ing  the manfum as urallyl n i t r a t e  
i n t o  an organic s o l v e n t . ( l ,  2 ,  7,  15, 161, :Ethelas, ketones, a lde-  
hydes, and e s t e r s ,  i.e.,, solvents  containing oxygen atoms capable of 
e l ec t ron  donation, a re  qu i t e  s e l ec t ive  f o r  uranium. Uranyl n i t r a t e  
is not  a t  all soluble  i n  solvents  such as benzene, chloroform, e t c .  

c 
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Thorium, cerfum (IV), and gold a re  a l s o  ex tme ted  t o  a g rea t e r  
o r  l e s s e r  degree depend%ng upon the solvent ,  the EDTO COncentra- 
t fon  and the sa l t i ng -ou t  agent ,  3 

The e x t r a c t i o n  may be done in a continuous IllilllIleF using 
d i e t h y l  ether (171, o r  batchwise. Continuous extpactfon 1s eom- 
p a r a t i v e l g  t i m e - c o n s d n g  and w l l l  n o t  be discussed here ,  Batch 
ex t r ac t ions  are found t o  be quan t f t a t ive  f o r  many solvents  in 
conjunction w i t h  one of s eve ra l  sa l t fng-out  agents.  
so lvents  have favorable d i s t r i b u t i o n  coe f f i c i en t s ,  U g h  f lash  
and bo i l ing  points ,  and l o w  v i s c o s i t f e s ,  Ethyl a c e t a t e  fulfills 
some of these requirements, e s p e c i a l l y  that of low v iseos l ty ,  
and in add i t ion  has a low c o s t ,  On the o ther  hand, dfbutoxytetra- 
ethylene glycol (penta ether) has a high bo i l ing  point  and a 
s l i g h t l y  more favorable dfs t r i h u t f o n  coe f f i c i en t ,  e s p e c i a l l y  
from commercial phosphoric ac id .  Pent% e the r  is used a t  t h i s  
labora tory  but the low c o s t  of e t h y l  a c e t a t e  may recommend it  
i n  o ther  ins tances  

Desirable 

Description of the Method. 

The procedure used a t  Dow u t f l f z e s  the ex t r ac t ion  of 
uranyl n i t r a t e  by penta ether p r i o r  t o  the formation of f luo-  
r e scen t  uranyl f luor ide .  One ana lys t  fs able t o  complete 800 
t o  1000 determinatdorrs per month. Most of the samples analyzed 
are phosphoric a c i d  so lu t ions  but  many other l i q u i d s  have been 
dealt w i t h .  The ordfnary uranium concentrations are from about 
0-1 t o  about 2000 mg. U308 per l i t e r ,  

Since the procedure i s  appl icable  only t o  l iqu ids ,  a 
method of a t t a c k  on s o l i d s  was necessary,  Phosphate rock and 
many o the r  ores  a r e  r e a d i l y  taken i n t o  so lu t ion  by means of a 
hot  n i t p i c  ac id  leach. Usually a 1 t o  5 gram sample, depending 
on the estfmated uranium content,  i s  weighed and transferred t o  
a 100 ml. beaker. About 5 t o  10 ml, of concentratedHN0 a r e  
added and the mfxture heated u n t i l  no more brown fumes agpear. 
Then 20 t o  30 m l ,  of" 1:1 HN03 a r e  added and allowed t o  b o i l  f o r  
30 minutes. Upon cooling the l l qu fd  and residue are t r ans fe r r ed  
t o  a volumetric f lask and the volume is adjusted, Alfquots of  
t h i s  so lu t ion  are then analyzed. 

Twenty-four determinations on the l iqu id  samples are then 

1. Aliquots contalnln about 50 mf rograms of U308 are 

uranium concentration, micropipettes may be used, T h i s  is as 
accurate  as d i l u t i n g  the sample and considerably more convenient 
and r a p i d . )  The volumes of the a l l q u o t s  a r e  then adjusted t o  

taken concurrent ly  through the following procedure: 

pipetted i n t o  25 mna, x 100 mu. f es t  tubes,  YFor samples of high 

4 .  



3 .  When the so lu t ion  i s  cool, 5 m l .  of penta ether a re  
added from a Machlette automatic p i p e t t e ,  
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tt c r i t i c a l  so  long as i t  is reproducfble. 
t o  the same conditions are pun w i t h  each set ,  hence differences 
due t o  this source would not appear. 

8, 
asbestos pad on a ho t  plate,  After 20 t o  30 minutes the HBI? 
and much of the penta ether are evaporated, Durfng thfs t i m e  
another s e t  of determinations are run through steps Noe 1 and 
Tom 2,  above. 

t o  volati l ize the N€JJ+nO3 and burn off the remaining penta ether. 

per cent MaF and 91 per cent MaKCO A flux dispenser 
efther of the hypodermfc type made from glass tubing w i t h  a close- 
f i t t i n g  glass rod as a plunger o r  a spoon-type dispenser may be 
use6 f o r  this  purpose. Again, as w i t h  the aliquot taken of the 
penta ether, the exact wefght is not c r i t i c a l  as long as i t  i s  
reproducible. A varfatfon Ln weight f r o m  2.4 t o  2.6 grams results 
i n  about - + 1.5 per cent error,  

The gold dishes are then placed, six a t  a t i m e  into 
a muf'fle furnace and rnalntained a t  a termperature of 815" C. f o r  
1.5 minutes. They are removed and the molten flux is swirled 
about the walls of the dish. They are then replaced into the 
furnace for about one minute. 

Control samples subjected 

The gold dishes are then placed on a 6 Inch thick 

9.  The dishes are then placed dfrectly on the hot plate 

10. To each dish, 2,5 grams of a flux consisting of 9 
are added. 3 

11, 

12. After cooling, the flux d i sc  i s  removed from the 
dish and placed In the fluopizrmeter where the fntensftg of i t s  
fluorescence is measured relative t o  that of a glass phosphor. 
The fluarescence i s  direct ly  proportional t o  the amount of uran- 
i u m  in the flux up t o  about 10 t o  15 mfcrograms of 08 i n  the 
2.5 grams of flux, The fluorescence is  also direct1 7 proportional 
t o  the intensity of the ultpavfolet-light soupce. Since this m y  
fluctuate over a period of time i t  i s  advisable t o  record the in- 
tensity of fluorescence of the glass phosphor periodically whlle 
determfning the fluomscence of the f lux  disc. 

model R fluopimetep used a t  Dow i s  given In Appendfx I. 
A complete description, w i t h  drawings, of the modified 

13. The uran ium in the original aliquot taken from the 
sample is calculated using the following formula: 

where the 3 0 8  i s  given i n  terms of micrograms of 0308 in the orig- 
fnal aliquot. 
cence of the flux disc,  corrected by subtracting the blank reaafng. 

ID i s  the galvanometer deflection due t o  the fluores- 

. 
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I. 

c 

This blank readFng is obtained by measwing the fluorescence of 
a flux disc contalnhg no uranium and should be detemnlned when 
each batch of  flux 1s made. I@ 1s the deflection due t o  the 
fIuorescence of' the glass phosphor. F 1s determined by running 
known amounts of wanium tbough the analytical procedme, detes- 
mfnlng ID and P and calculating F f i o m  the % b e e  known values. 

and a given analyst. Variations i n  technique as well as other 
factors w i l l  show up in a different F. 

The value of F P s very nearly constant f o r  a given f'l.uorime%er 

Extent of Interference W i t h  the Method 

As mentioned above, thorium, cerium (AT), and gold are 
a t  Ieast  par t ia l ly  extracted f n t o  the pehta ether, Two micrograms 
o f  cerium (IV) or  15 microgpams of  thorium w i l l  reduce the f luo-  
pescence by 10 per eent , ( l ,2)  
extracted, however,and the addition of iron (11) p r i o r  t o  extract- 
k n g w l l l  elimlnate i t s  effect ,  When the ra t io  of thorium t o  man- 
lnm i s  high a separation must be made p r io r  t o  extraction, If the 
separation can be effected by paper column chromatography (18) no 
further purification i s  necessary. 

Cerium (IhI) i s  not appreciably 

Even though the dfstribut%oa coefifcient of iron fnto 
penta ether, C (organic)/C (aqueous), i s  only of th0 order of 
0.001, enough iron i s  carried through the procedure t o  cause 
quenching i f  i t s  concentration fn the o r i g i n a l  sample is about 
10 grams per l i t e r ,  This quenching i s  eliminated by washing three 
t i m e s  w i t h  armnonium ni t ra te  solution Instead of once. (Step 6 in 
the procedure.) Samples of known uranium concentration should be 
subdected t o  the same treatment For control 

Anionic interferences are m o m  serious than cationic in 
affecting the dstermlnation of -uranium %n phosphoric acid, Figure 
1 shows the decrease in extractLon of uranium I n t o  penta ether as 
a function of phosphate eoncentration. 
aliquot of a solu%ion conta+n%hg 400 grams PO4 per l i t e r  were 
treated only about 78 per cent of the uranium would be extracted. 
However, i f  a 1 ml, aliquot!of the same solution were used, 98 
per cent of the uranium would be extracted. For this reason when 
the phosphate concentrationlis known t o  be high as in the case of 
cormnercial phosphoric acid (140% H ~ P Q  ), this effect  must be taken 
f n t o  account in choosing If the aliquot 
is chosen on the basis of urn concentration the effect  of phos- 
phate concentpation must be'corrected for  by an empirieal factor. 
A smaller aliquot may be taken a t  the expense of sensltfvftg. This 
l a t t e r  method is prefekred i n  routine control work. 

Sulfate concentrations greater than about 100 gram SO 
per l i t e r  cause a precipitate upon the addition of the penta e t  er 
t o  the sample saturated w i t h  alumintun n i t ra te ,  Some uranium is 

F o r  example, i f  a 5 ml. 

lume tf, the aliquot. 

;B 
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occluded in this p r e c i p i t a t e  r e s u l t i n g  i n  low and e r r a t i c  r e s u l t s .  
Uranium may be separated from s u l f a t e  by an ammonium hydroxide pre- 
c i p i t a t i o n .  A l u m i n u m  i s  of ten  used as a c a r r i e r  f o r  t r ace  amounts 
of uranium in this p rec ip i t a t ion .  The hydroxide must be carbonate 
f ree  t o  prevent the formation of the soluble uranyl carbonate com- 
eplex. The p r e c i p i t a t i o n  may be performed i n  the 25 mm. x 100 mm. 
t e s t  tubes used i n  this method. After centr i fuging the aqueous 
phase is decanted, the p r e c i p i t a t e  i s  dissolved i n  concentrated 
NO3, and the so lu t ion  is taken though the usual procedure. ( I n  
the case o f  high phosphate concentration this scheme i s  inappl i -  
cable .  ) 

and the saturated aluminum ni t ra te  so lu t ion  is 120:l. However, 
since the volums r a t i o  i s  1:4 f o r  the organ1c:aqueous phases there 
is roughly a 3 per i s  t r ibu t ion  be tween the penta 
ether and the amon so lu t ion  is 33:1, the volumes 
being equal. These c to r s ,  combined w i t h  an expansion of the 
orgafiio phase, r e s u l t  in appreciably less than 1/10 of the uranium 
repor t ing  i n  the 0.5 ml. a l iquo t  from the penta ether. Empirically,  
th is  i s  1/14.5 of the o r i g i n a l  amount. However, these losses  are 
reproducible and are corrected f o r .  

The d i s t r i b u t i o n  of uranyl ni t ra te  between the penta ether 

If the volume of aluminum ni t ra te  so lu t ion  per  determina- 
t i o n  i s  p lo t t ed  vs. the per cent  ex t r ac t ion  a maximum occurs a t  
about 15.5 m l .  f o r  so lu t ions  containin no phosphate. (Figure 2 .  ] 
A var i a t ion  i n  volume from 15.3 t o  1T.E m l .  r e s u l t s  i n  a devia- 
t i o n  of about 1 per cent .  A t  g r e a t l y  increased phosphate con- 
cent ra t lons  a l a r g e r  volume of aluminum ni t ra te  so lu t ion  i s  neces- 
s a r y  t o  g e t  maximum ext rac t ion .  However, a 2 m l .  volume range 
s t i l l  has + 1 per cent deviat ion.  A volu~lle of 16 ml. should be 
optimum foF the majority of samples treated. 

S t i r r i n g  f o r  one minute o r  greater seem t o  e f f e c t  e q u i l i -  
brium between the two phases. When s t i r r ing  was l imi t ed  t o  30 sec- 
onds, errat ic  r e s u l t s  were not iced.  

steps (steps 4 and 5 in  the procedure) should be q u i t e  small s ince  
the o r i g i n a l  a l iquot ing  r e s u l t s  i n  u ran ium concentrations of equal 
order of magnitude i n  the tes t  tubes.  

Cross contamination during the s t i r r i n g  and separat ing 

Inhomogeneity of the flux may be responsible f o r  some 
e r r o r .  However, varying the time of mixing (by r o l l i n g )  from s i x  
t o  e ighty  hours has not  s i g n i f i c a n t l y  lowered the standard e r r o r .  
Nor i s  this e r r o r  appreciably lowered by fusion over a Meker burn- 
er  as i s  done i n  other  labora tor ies .  

The sodium and potassium carbonates, and the sodium f luo-  
r i de  used i n  making up the flux contain a maximum of  0.001 per cent  
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Fe and O.OOO5 per cent heavy metal impurities, If the maximum 
amounts are present 16 micrograms of heavy metals and 24 micro- 
grams of iron would be present i n  the 2,5 grams of flux. This 
would, of course, resul t  i n  appreciable quenching. The quenching 
due t o  lead, and many other elements, i s  reported as "variable 
quenching" ( 2 )  since multiple experiments gave inconsistent re- 
su l t s  f o r  the quenching. This could be a t  least  partly responsi- 
ble f o r  the high standard deviation. 

If the swirling i s  eff ic ient ,  errors due t o  local uranium 
concentration i n  the f lux  should be negligible. 

Gold causes quenching; the higher the fusion temperature, 
the more gold that  w i l l  dissolve In the flux. Likewise the longer 
the time of fusion the more gold that  w i l l  dissolve unt i l  the equi- 
librium concentr&tion i s  reached. A quantitative s tudy  of the s o l -  
ub i l i ty  of gold i n  the f lux has not been made. 
t ively i t  has been found that the longer the time of fusion and 
the higher the temperature, the more serious the quenching. A t  
815" C. o r  lower and w i t h  one t o  two minutes fusion time th is  
e f fec t  i s  quite small, 

However, qualita- 

The photovolt photoelectric photometer can easi ly  be read 
to  0.5 division w i t h  a possible error of 0.5 t o  5 per cent depend- 
ing upon the absolute reading, 

The manner i n  which the flux is cooled upon removal from 
the furnace affects the results sl ightly.  The methods used t o  
t e s t  this  dependance were somewhat crude and only qualitative ef-  
fects can be reported. The time of crystal formation evidently 
affects the fluorescence w i t h  the longer the t i m e  the greater the 
fluorescence i n  this  range. As long as a l l  the samples are treated 
similarly no serious errors should result., 

The relationship between fluorescence and time of standing 
i s  quite interesting and as yet i s  unexplained. Taking the time of 
removal of' the disc from the furnace as the reference point, there 
i s  an increase in the fluorescence w i t h  time which at ta ins  a maxi- 
mum value, a f te r  about three hours. During the next three hours 
the fluorescence decreases, approaching a constant value. This 
phenomenon was studied by preparing, by the standard method, a num- 
ber of discs of different intensi t ies .  When read on the f l u o r i -  
meter, the maximum value was 6 t o  8 per cent greater a t  three hours 
than the constant value reached af te r  s i x  hours. These f lux  d i s c s  
were kept i n  a dessicator (over Mg(C104)Z)when not being read. 
Discs which were not dessicated bere subject t o  a larger deviation 
than the dessicated ones. 'If time were no objec t t t  would be ad- 
visable to  wait until the following day before meaburing- the fluo- 
rescence of the discs. Where time i s  an important factor one must 
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1 
assume that the same condltons prevail throughout the entire set 
of samples and that the tirme erroIp is corrected fo r  by the known 
samples run concurrently. Actually, duplicate samples run both 
ways indicate that on w a i t i n g  un t i l  the following day t o  deternine 
the fluorescence the standard error I s  appreciably less: 5 per cent 
as compared t o  7 per cent. 

Increasing ambient temperature causes a decrease i n  the 
fluorescence of the flux disc, and of the glass phosphor used as 
a reference. !the flux and the glass do not have the sanm tempera- 
ture-fluorescence relationship, thus the r a t io  of their  intensit ies 
will not be constant. 'Fhe glass being somewhat more affected, the 
r a t io  is therefore an increasing function, increasing roughly 0.5 
per cent per degree up t o  27O C. and about 1 per cent per degree 
above 27O C. This effect  has no bearing whepe the samples and the 
lcnowns are read a t  the same temperature. 

l2 
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A P P E N D I X  I 

M O D I F I E D  MODEL R FLUORImTER 

The f luorimeter  used a t  Dow i s  a modification of the 
Model R (18) f i r s t  constructed a t  Oak Rfdge National Laboratory. 
The main modification was in  the l i g h t  source. Since the i n t e n s i t y  
of f luorescence i s  d i r e c t l y  proportional t o  the intensity of  the 
u l t r a v i o l e t  l i g h t  source, more intense General E l e c t r i c  CH4 ( spo t )  
o r  E"+ ( f lood)  lamps were subs t i t u t ed  f o r  the Hanovia lamp i n  the 
o r i g i n a l  Model R .  A constant-voltage-supply transformer was also 
incorporated.  With the above exceptions and some minor rearrange- 
ments,the design i s  that  of the M o d e l  R and any Model R can be 
adapted t o  use the more in tense  CH4 o r  E84 lamps. 

Included i n  th i s  Appendix are a l i s t  of the parts of the 
f luorimeter ,  drawings from which the p a r t s  may be made, and 2 views 
of an assembled f luorimeter .  

1 4  

... . ...~ ~... . I .. . . . ~ . . .. 



Drawing No. 

I. 
I1 
I11 
Iv 
V 
VI 
VI' 
VI1 
VI11 
Ix 
X 
XI 
XI1 
XI1 ' 
XIII 
XIII' 
XIV xv 
XVI 
XVII 

COMPLBTE PARTS LIST FOR MODIFIED 
MODEL R FLUORIME!L%R 

Quant i ty  
Required 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
9 
2 
3 
8 
6 
8 
2 
7 
2 
2 
1 
1 
1 
1 

1 

1 
1 

I tem Material  

Center block 
Sl ide  
Photocell  Holder 
Holder Support 
Spring Guide 
Guide bar 

Wood 
11 

It 

I t  

I1 

fl 

I t  

End Bar I t  

Sl ide  cover 
Clip Brass 
Spring Bronze or  s t e e l  
Base Wood 
Transi te  base p l a t e  
Trans i te  spacer 
Shut ter  p l a t e  Brass 
Screen p l a t e  
Brass Collar 
Transi te  Socket support Trans i t e  
Socket cap S i e e l  
Lamp Shield 
2 1/2" No. 8 R.H. Wood Screws 
1 1/4" No. 6 R.H. 
3/4" No.6 R.H.  Wood ScTews 
1" No. 10  F.H. " 

I" No. 6 F.H. Wood Screws 

I1 

Tzans i t e  

11 

n 

No. 6 F.H. Wood Screws 
x 1/2" R.H.  Machine Screws 
x 1/4" R . H .  

8/32 x 1" R.H.  n I1 

10 24 x 1/2" R.H. I' 

1/1/20 x 1 1/2" R.H."  
U.V. F i l t e r ,  2" x 2" Glass 
Yellow F i l t e r ,  2" x 2" 
Blue F i l t e r  2 "  x 2" 
Phosphor, 2 "  x 2"  

II 

I1 

I' 

n 

The f i l t e r s  and phosphor are Corning 
Cat. No's. 5874, 3486, 9780, 3750 res- 
pect ively.  (The U.V. F i l t e r  sets i n  
the  block (I) below the t r a n s i t e  base 
p l a t e  (XII). The yellow and blue f i l t e r s  
se t  i n  the block below the  photocel l  
holder (111). 

Photometer: Photovolt Model 5UM, Photovolt 
Corp., N e w  York City, New York 

U.V. Lamp: General E l e c t r i c  CH4 o r  EH4. 
Constant voltage transformer, Cat. No. 

301883, Sola E l e c t r i c  Co. 4633 West 
16th S t . ,  Chicago 50, I l l i n o i s .  
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APPERDIX XI 

EQUIPMENT AND CEEMICALS REQUIRED 
^ 2  ’. ’e, 

EauiDment Needed 

Pipettes. For each analyst the followfng pipettes are 
needed: one each, 5 m l . ,  2 m l . ,  1 m l , ,  1 ml. graduated, 0.2 ml. 
gaduated, and one 0.050 ml. micropipette. For analyzing solutions 
containing 1 t o  5 grams 508 per l i t e r ,  micropipettes down t o  .1 
microliter or less may be kequfred, 
Company, 1834 rniversfty Avenue, Berkeley, Californfa, handles a 
large stock of micro equipment. ) 

(Micro Chemicals Specialties 

Test Tubes., Forty-eight t e s t  tubes, 25 mm. x 100 mu. 
are needed fop each analyst. It is convenient that  they be num- 
bered in se t s  of 24. 

Gold dishes. Twenty-four gold dishes are needed f o r  each 
analyst. Th e dimensions of the dishes, made of 99.99 per cent pure 
gold, used a t  this laboratory are shown in  drawing XVIII. This 
dish w i l l  produce a flux disc that will f i t  the sl ide shown in the 
fluorimeter d r a w i n g s .  Western Gold and Platinum Company, 589 Bry- 
a n t  Street ,  San Francisco, California, have supplied the dishes used 
a t  mu. 

After each use, the gold dishes are heated i n  1:4 HEJO . 
Occasionally they must be remolded - a task easily accomplishes by 
the analyst. After remolding the dishes are boiled in 1:l HRO 
for a few minutes t o  remove traces of Fe picked up from the mo d. 1 

Test Tube Racks. Racks fop the 48 test  tubes have been 
found convenient durfng pipetting, stc .  They were constructed of 
sheet metal as shown i n  Draw- XIX and painted w i t h  acid-resfstant 
paint. 

Alqndnnm Nitrate Dispenser. This dispenser has been 
constructed a t  thf s laboratory according t o  Drawing IQC. It has 
been found convenlent although not essential .  
for  this purpose mag be made fpom a two-neck round-bottom flask. 
A condenser should be f i t t e d  into one of- the necks, the other 
neck bein@; used for pipetting and allquoting and closed off when 
not in use. A steam bath would keep this a t  the p ~ o p e r  temperature. 

5 d., has been used to deliver pen- ether. 

A simple apparatus 

Penta Ether  Dispenser. A Hachlette automatic plRpette, 



Stirr ing Assembly. A s t i r r ing  unft  capable of handling four 
samples sxmultaneouslg was designed a t  th%s laboratory and is  shown 
i n  Drawfn X X I .  This unft  is equipped w f t h  rour variable speed 
s t f r re rs  7 Eastern Industries, Model 1, available from many supply 
houses). Glass rod was used t o  make the screw-type s t i r r e r s .  "he 
t e s t  tubes are l i f ted  t u  Stirring position fi racks similar to  the 
larger ones mentioned above. 
analyst 

Sfx of these racks are needed for each 

Centrifu e The centrifuge used a t  Dow 1s a Model CL 

Separation Apparatus. Two suction flasks, connected fn 

c l in ica l  centrf uge 

series as traps w f t h  suction provided by an aspirator 
suction tubfng and a ofnted glass tube as a pipette t o  separate 
the aqueous (Al(N0 1 P layer from the penta ether. 

Hot Plates. H o t  plates must be available. The e lec t r ic  
ones used a t  Dow are multiple units, type 32, made by Heavy Duty 
Electric Company, Milwaukee, Wfsconsin. 

treated w f t h  acid resis tant  paint. 

are used w i t h  

3 3  

Flux Dfspenser. A f lux dispenser made of glass tubing 
w i t h  a s o  ~ v e r  and calibrated t o  deliver 2.5 grams of 
flux has been found convenient. See Drawing XXII. A pan balance 
t o  weigh- the f l u x  o r  a spoon-type dispenser would also be satis- 
factory. 

ing were d v e r  soldering nichrome wire t o  the t i p s  of 
beaker, tongs. The wire was shaped t o  f i t  the groove a t  the bottom 
of the dish. See Drawfig XXII. 

D i s h  Ton s Tongs t o  hold the gold dishes while s w i r l -  

Muf'fle Furnace. A furnace capable of malntafning a temp- 
erature o? 800" t o  825" C. is required. One analyst  can conven- 
i en t ly  use 2 furnaces when fusing, but 4 analysts ppobablywould 
require no. mQFe than 2 Furnace Type llL, made by Western Goid 
and Platinum Company has been found t o  be particularly suited for  
thfs work. It i s  provided w i t h  a sliding tray that holds six gold 
dishes a t  a t i m e .  Spare elements and trays should be considered. 

Fluorimeter. One f luorfmeter (described ln Appendix I) 
w i l l  serve f o r  up t o  5 analysts. Replacement parts needed are 
B batteries (Burgess IQO) and 6-volt batteries (4F2H) .  

Chemicals Meeded f o r  1000 Determinations. 

Al(MO ) -9H 0, C.P. granular 18 K g .  
Pen ta3eZher2 5 1. 
MH4N$, C.P. granular 3 . 3  K g .  



Ma CO3, C .P .  powder 1 K@;. 

H1903, C.P. reagent 20 1. 

K2 03, C.P. powder (Nerck) 1.3 K g .  
.275 Kg. RaF, C.P. powder 

The aluminum n i t r a t e  is dissolved in a weight r a t i o  o f  

i! 

A l ( H 9 )  *g%O:H20:concentrated KAT0 = 1 8 ~ 3 %  and kept a t  an e l e -  
vated t&nperatuPe, about 100" C o  
made t o  contain 660 grams l " 4 N 9  and 66 ml. concentrated HpTO3 per 
l l t ep  of solut ion.  

h e  ammonium n i t r a t e  so lu t ion  i s  

!Phe f lux  is made t o  contain 9 per cent  MaF, 39.5 per cent  
H+C? and 51.5 per cent  K2C by weight. These powders a re  mixed 
by PO ling In a g lass  o r  about 24 hours. 

Hinety pep cent  of the n i t r i c  ac id  reported above i s  

The above chemicals do not  include those needed t o  d i s -  

used i n  cleaning the gold dishes.  

solve s o l i d  samples. 
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20mm Gloss  
Tubin 9 .  

5 0 m /  B u r e f f e  C' 

3 m m ,  3 WQY 
S t o p  C o c k  --",, 1 

60 m rn. G h 5 s  

A s b e s f e s  Lined 
Iron C o l f a r  
For Support  

c-- 70 mrn. P v r c x  Tube 
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