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THE SIMULTANEOUS ANALYSIS OF 
URANIUM AND NITRATE 

D. T.  B o s t i c k  

ABSTRACT 

A d i r e c t  spec t ropho tomet r i c  method has been developed f o r  t h e  

d e t e r m i n a t i o n  o f  20-200 g/1 o f  uranium i n  t h e  presence o f  3-5 - M n i t r i c  

a c i d .  A dual-wavelength a n a l y s i s  i s  used t o  e l i m i n a t e  t h e  enhancing 

e f f e c t  o f  n i t r a t e  i o n  on t h e  uranium v i s i b l e  spec t ra .  The p r e c i s i o n  

and accuracy o f  t h e  s imul taneous a n a l y s i s  o f  uranium and n i t r a t e  were 

compared u s i n g  combinat ions o f  t h e  f o u r  uranium wavelength maxima, 

o c c u r r i n g  a t  426, 416, 403 and 359 nm. 

and 416 nm da ta  y i e l d e d  t h e  most accu ra te  r e s u l t s .  

r e l a t i v e  s tandard  d e v i a t i o n  o f  uranium and n i t r a t e  c o n c e n t r a t i o n s  was 

5.4% and 15.5%, r e s p e c t i v e l y .  The pho tomet r i c  procedure i s  s l i g h t l y  

a f f e c t e d  b y  temperature; an i n c r e a s e  o f  one degree c e n t i g r a d e  r e s u l t s  

C a l c u l a t i o n s  based on 426 

The c a l c u l a t e d  

i n  a 0.2 g/1 o v e r e s t i m a t i o n  o f  uranium concen t ra t i on .  Because t h e  

method i s  non -des t ruc t i ve ,  i t  i s  d i r e c t l y  a p p l i c a b l e  t o  t h e  cont inuous 

i n - 1  i n e  a n a l y s i s  o f  d i s s o l v e d  uranium i n  aqueous f u e l  rep rocess ing  

streams . 

1.  INTRODUCTION 

Accurate i n - l i n e  a n a l y s i s  o f  uranium i n  process streams i s  e s s e n t i a l  

f o r  r e a l  t ime  (con t inuous )  process c o n t r o l .  Real t i m e  process c o n t r o l  

can e n h a n c e  p l a n t  o p e r a t i o n s  by p r o v i d i n g :  1 )  c o n t i n u o u s  p r o c e s s i n g  t o  

ach ieve  g r e a t e r  p r o d u c t i o n  th roughput ;  2 )  a h i g h e r  q u a l i t y  p roduc t  w i t h  

reduced losses  and rework th rough cont inuous  process o p t i m i z a t i o n ;  and 

3) a g r e a t e r  degree o f  process s a f e t y  which i s  ach ievab le  th rough  m a t e r i a l  
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n 
balance control and better operator awareness because of real  time 

analysis .  

colorimetric measurement of the uranyl ion a t  416 nm. 

monitors generally incorporate a dual-beam opt ical  system t o  reduce 

e r rors  resu l t ing  from sensor c e l l  window fouling and sample tu rb id i ty  

(1-4).  However, these uranium monitors a re  subject  t o  e r ro r s  a s  

great  as 15-20% due t o  var ia t ions i n  n i t r i c  acid concentration and 

temperature, in addition t o  tu rb id i ty  ( 2 ) .  

t iga ted  the observed va r i ab i l i t y  in uranium analysis  and found the 

absorption of uranium t o  be l i nea r ly  proportional t o  n i t r i c  acid con- 

centrat ion.  Erickson and Slansky ( 6 )  a l so  no ted  th i s  l i nea r  re la t ion-  

s h i p  and suggested t h a t  uranium and n i t r i c  acid m i g h t  be simultaneously 

analyzed using a multi-wavelength approach. 

uranium monitor did not incorporate th i s  proposal. 

Present in- l ine  uranium monitors a re  based on the d i r ec t  

The in- l ine  

Bhargava -- e t  a l .  ( 5 )  inves- 

However, t h e i r  subsequent 

T h i s  report  fur ther  invest igates  the influence o f  n i t r i c  acid 

on the uranium absorption spectra .  

uranium was developed based on these r e su l t s .  

method improves the accuracy of the ex is t ing  in- l ine  uranium monitors 

by compensating for  f luc tua t ions  in n i t r i c  acid concentration and tem- 

A dual-wavelength procedure for 

The modified photometric 

perature.  

concentration range. An error analysis  of the procedure is  presented. 

The improved accuracy i s  demonstrated over a wide n i t r a t e  

2 .  EXPERIMENTAL 

Uranium standards were prepared from s e r i a l  d i lu t ions  of a 520.1 

The ac id i ty  of g/1 depleted uranium standard i n  0.001 - M n i t r i c  acid.  

the standards was adjusted by the addition o f  appropriate volumes o f  

reagent grade, concentrated n i t r i c  acid.  Solid sodium n i t r a t e  was 

n 
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used t o  determine the e f f e c t  of n i t r a t e  ion on the uranium spectrum. 

Dilutions of 70% perchloric acid were used t o  study the a f f e c t  of 

hydrogen ion concentration. 

Photometric measurements were made u s i n g  a Cary Model 14 recording 

spectrophotometer and 0.1 cm quartz c e l l .  Samples were analyzed vs. a 

water blank. 

used t o  record the absorbance change of an 104.1 g/1 uranium standard 

as the sample temperature was l i nea r ly  increased from 50 t o  80°C a t  2"C/ 

m i n .  The thermistor of the TI, analyzer was cal ibrated p r io r  t o  the 

temperature study . 

A Beckman T14 Analyzer and DB-G spectrophotometer were 

3. RESULTS A N D  DISCUSSION 

Typical output streams from the Purex fuel recycling process 

contain from 20-200 g/1 uranium, i n  addition t o  approximately 4 

n i t r i c  acid and 1 - f1 n i t r a t e .  

may f luc tua te  w i t h i n  one molar u n i t  of these values. 

of uranium standards containing varying concentrations of acid and 

n i t r a t e  were evaluated i n  order  t o  develop a uranium monitor which 

could accurately operate under these var iable  process s t r eap  conditions. 

The  n i t r i c  acid and n i t r a t e  concentrations 

Visible scans 

3.1 7 
Spectra . 
The v i s ib l e  uranium spectrum contains four major absorption maxima, 

occurring a t  426, 416, 403, and 359 nm (Figure 1 ) .  Calibration curves, 

obtained a t  constant n i t r i c  acid and n i t r a t e  concentrations,  a r e  l i n e a r  

w i t h  uranium concentration a t  each of these wavelengths (Figure 2 ) .  The 
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416 nm a b s o r p t i o n  l i n e  possesses t h e  g r e a t e s t  s e n s i t i v i t y ,  whereas t h e  

359 nm l i n e  e x h i b i t s  a s e n s i t i v i t y  which i s  o n l y  o n e - t h i r d  o f  t h i s  va lue.  

The v i s i b l e  spec t ra  o f  uranium change s i g n i f i c a n t l y  as t h e  concen- 

t r a t i o n  o f  n i t r i c  a c i d  i s  inc reased.  F i g u r e  3 i l l u s t r a t e s  spec t ra  i n  

which uranium c o n c e n t r a t i o n  i s  h e l d  cons tan t  and n i t r i c  a c i d  i s  i nc reased  

f rom 2 t o  6 - M. 

a c i d  concen t ra t i on .  

l e s s  de f i ned ,  as t h e  426 nm l i n e  broadens i n t o  a shou lder .  As d iscussed 

p r e v i o u s l y ,  t h e  a b s o r p t i o n  a t  t h e  wavelength maxima i s  l i n e a r l y  p ropor -  

t i o n a l  t o  n i t r i c  a c i d  c o n c e n t r a t i o n  ( F i g u r e  4 ) .  

t o  be  most a f f e c t e d  b y  n i t r i c  a c i d .  

The a b s o r p t i o n  a t  a l l  wavelengths inc reases  w i t h  n i t r i c  

The 403, 426, and 416 nm uranium t r i p l e t  becomes 

The 426 nm l i n e  appears 

It becomes obv ious f rom F igu res  3 and 4 t h a t  uranium a n a l y s i s ,  

based s o l e l y  on t h e  a b s o r p t i o n  measurement a t  416 nm, i s  cons ide rab ly  

i n f l u e n c e d  b y  t h e  f l u c t u a t i o n s  i n  n i t r i c  a c i d  c o n c e n t r a t i o n  as commonly 

encountered i n  t h e  rep rocess ing  streams. However, s i n c e  t h e  r e l a t i o n s h i p  

between n i t r i c  a c i d  and uranium absorbance i s  l i n e a r l y  p r e d i c t a b l e ,  a 

means i s  a v a i l a b l e  t o  compensate f o r  t h e  e l e v a t i o n  i n  uranium a b s o r p t i o n  

caused by  n i t r i c  a c i d .  

To eva lua te  t h e  e f f e c t  o f  n i t r i c  ac id ,  scans o f  uranium were made 

i n  t h e  presence o f  i )  2 E n i t r a t e  and i i )  2 E hydrogen i o n  and were 

compared t o  t h a t  ob ta ined  i n  t h e  presence o f  2 - M n i t r i c  a c i d .  

rep resen ts  a composite of  t h e  scans, a l l  o f  which were ob ta ined  i n  t h e  

presence o f  equal q u a n t i t i e s  o f  uranium. 

the  uranium spectrum c o n s i s t s  o f  a s i n g l e  b road a b s o r p t i o n  band; broad 

uranium a b s o r p t i o n  i s  g r e a t l y  suppressed and t h e  c h a r a c t e r i s t i c  u rany l  

t r i p l e t  emerges i n  the  presence o f  hydrogen i o n .  

F igu re  5 

I n  t h e  absence o f  hydrogen ion ,  

I f  n i t r a t e  i s  
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n 

addi t ional ly  present,  as w i t h  n i t r i c  acid,  the uranyl extinction 

coef f ic ien ts  increase. The scans suggested tha t  fur ther  s tudies  must 

be performed in the presence of a t  l e a s t  a minimum amount of hydrogen 

ion in order t o  observe the behavior of the uranyl absorption t r i p l e t .  

The relat ionship between n i t r a t e  and uranyl absorp t ion  was thus 

studied i n  the presence of 2 HN03. S o l i d  sodium n i t r a t e  was then - 

added t o  the ac id i f ied  52 g/1 U samples t o  adjust  the to t a l  n i t r a t e  

concentration w i t h i n  a 2-6 molar range. 

t r a t i o n ,  the uranium absorption l inear ly  increases w i t h  t o t a l  n i t r a t e  

concentration a t  each of the wavelength maxima (Figure 6 ) .  The slopes 

o f  the curves obtained with varying n i t r a t e  were found t o  be ident ical  

t o  those obtained w i t h  varying n i t r i c  acid.  This behavior indicates 

cence t h a t  the elevation i n  uranyl absorption i s  primarily due t o  the pre, 

o f  n i t r a t e  ra ther  t h a n  hydrogen i o n .  

A t  constant hydrogen ion concen- 

F 

This conclusion was confirmed by analyzing a s e r i e s  o f  samples in 

which uranium and n i t r a t e  concentrations were held constant and hydrogen 

ion was varied. The samples contained 52 g/1 U, 2 

volumes of  70% perchloric acid t o  adjust  the hydrogen ion concentration 

t o  w i t h i n  a 2-6 molar range. 

s l i g h t l y  curvi l inear  for a l l  b u t  the 359 nm d a t a .  

streams the acid concentration will  only vary between 3-5 molar. 

Therefore, the accuracy of the uranium monitor s h o u l d  n o t  be s ign i f icant ly  

a l te red  by the s l i g h t  absorbance changes which occur w i t h i n  t h i s  ac id i ty  

range. 

HN03 and appropriate 

As observed i n  Figure 7 ,  the resu l t s  are  

I n  actual process 
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3.2 Derivation of the Uranium Calibration Equation 

The relat ionship between n i t r a t e  and uranyl absorption was addi t ional ly  

investigated as a function of uranium concentration. 

standards was prepared i n  varying concentrations o f  n i t r a t e .  

absorption a t  416 nm i s  plotted vs. n i t r a t e  concentration i n  Figure 8 

fo r  each of the f ive  s e t s  of  uranium standards. 

t h a t  uranyl absorbance i s  l i nea r  w i t h  n i t r a t e  t h r o u g h o u t  the uranium 

concentration range. This re la t ionship a t  a given uranium concentration 

can be expressed i n  the fo l lowing  equation: 

A s e r i e s  of  uranium 

The uranyl 

The graph demonstrates 

where A416 i s  the uranyl 

x [No;] + ( 1  1 

absorbance a t  the 416 nm maxima, d(A4,6)/d[NO;] 

i s  the slope of  the curve, and A i l 6  i s  the absorbance of  the uranium 

standard extrapolated t o  zero n i t r a t e  Concentration. The in te rcept  

( A i l 6 )  has been extrapolated from the d a t a  since the uranyl t r i p l e t  

does n o t  e x i s t  w i t h o u t  a m i n i m u m  amount of  hydrogen i o n  i n  the sample. 

Data were also obtained a t  the remaining uranyl wavelength maxima and 

a lso demonstrated a l i nea r  re la t ionship with n i t r a t e  s imi la r  t o  t h a t  in 

Figure 8. 

fo r  each s e t  of uranium standards a t  each wavelength. 

Analogous equations s imi la r  t o  the above can a l so  be wri t ten 

The uranium concentration appears t o  influence the magnitude of 

bo th  d(A416)/d[N0;] and A i , 6  values as seen i n  Figure 8. The exact 

p ropor t iona l i t y  can be evaluated by p l o t t i n g  d(A416)/d[N0;] and A i l 6  
vs. the uranium concentration. 

and uranium concentration i;s i l l u s t r a t e d  i n  Figure 9 .  

The relat ionship between d(A416)/d[N0sj 

S i m i l a r  d a t a  are  
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shown f o r  t h e  o t h e r  wavelengths. 

can be represented  b y  t h e  p r o p o r t i o n a l i t y  cons tan t ,  M416, i n  t h e  f o l l o w i n g  

equa t ion :  

The s lope  o f  t h e  416 nm da ta  ( F i g u r e  9 )  

The va lue,  b416, i s  t h e  i n t e r c e p t  o f  t h e  416 nm data.  

r e l a t i o n s h i p s  can be w r i t t e n  i n  the  fo rm o f  equa t ion  2 f o r  t h e  r e s t  

o f  t h e  u r a n i  um wave1 engths. 

I d e n t i c a l  

A p l o t  o f  A i16  vs. uranium c o n c e n t r a t i o n  ( F i g u r e  10) pe rm i t s  

t h e  computat ion o f  t h e  p r o p o r t i o n a l i t y  cons tan t  N416 such t h a t  

The parameter, c41 6, rep resen ts  a minor  c o r r e c t i o n  f o r  a non-zero 

i n t e r c e p t  i n  F i g u r e  10. 

c a l c u l a t e d  g r a p h i c a l l y  f rom t h e  remain ing  curves presented  i n  F i g u r e  10. 

Combining equat ions  1, 2, and 3 thus comp le te l y  descr ibes  t h e  

S i m i l a r l y ,  N426, N 4 i 3 ,  and N359 can a l s o  be  

e f f e c t  o f  n i t r a t e  i o n  on uranium a b s o r p t i o n  a t  416 nm: 

The q u a n t i t y  (N416 [U] + c416) rep resen ts  t h e  absorbance o f  uranium a t  

zero  n i t r a t e  c o n c e n t r a t i o n  and t h e  va lue  (b1416 [U]  + b416 ) [NO;] r ep resen ts  

t h e  e l e v a t i o n  i n  u rany l  absorbance due t o  t h e  n i t r a t e  i o n .  Because t h e  

absorbance due t o  n i t r a t e  i s  o n l y  a f r a c t i o n  o f  t h e  i n i t i a l  uranium 

absorbance and b416 i s  much s m a l l e r  than H416 C U I ,  t h e  416 nm c a l i b r a t i o n  

equa t ion  may thus  be  s i m p l i f i e d  t o :  
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- A:= N A [ U ] + C A  

W 

0 25 50 75 -400 425 450 175 
URANIUM CONCENTRATION ( g / 1 )  

F i g u r e  10. I n i t i a l  Absorbance (A:) versus Uranium Concen t ra t i on  
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n 

. 
o r ,  i n  genera l  

A, = M, [U] [NO;] + N, [U]  + c,. 

Table 1 summarizes t h e  uranium c a l i b r a t i o n  equat ions  f o r  each wave- 

l e n g t h  maxima and inc ludes  t h e  numer ica l  va lues f o r  t h e  assoc ia ted  

cons tan ts .  

3.3 Simultaneous Ana lys i s  o f  Uranium and N i t r a t e  

A s imul taneous a n a l y s i s  o f  uranium and n i t r a t e  i s  poss ib le ,  s i n c e  

t h e  r e l a t i o n s h i p  of uranium and n i t r a t e  concen t ra t i ons  i s  known f o r  a t  

l e a s t  two wavelengths. 

p a r t i c u l a r  sample i n  terms of  t h e  absorbance read ings  taken a t  any two 

o f  t h e  f o u r  u rany l  maxima b y  combining two c a l i b r a t i o n  equat ions :  

The concen t ra t i ons  can b e  c a l c u l a t e d  f o r  a 

and 

The s u b s c r i p t s  i n  the  above equat ions  rep resen t  t h e  r e s p e c t i v e  absorbance 

readings and cons tan ts  of t h e  two wavelength maxima. 

l e n g t h  a n a l y s i s  min imizes t h e  o v e r e s t i m a t i o n  of u rany l  c o n c e n t r a t i o n  due 

t o  n i t r a t e .  i o n .  

Such a dual-wave- 

Th is  i s  achieved b y  e f f e c t i v e l y  c a l c u l a t i n g  uranium 
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TABLE 1 

Uranium C a l i b r a t i o n  Equat ions 

A, = M, [U] [NO;] + N, [U ]  + C, 

A41 6 

*426 

A40 3 

=3 .41  x [U] [NO;] + 3 . 7 0 5 x  [U]  -0 .0147  

= 4.612 x [U]  [NO31 + 3.097 x 

= 2.091 x l o e 4  [U] [NO;] + 3.183 x 

[U] - 0.0220 

[U]  - 0.0092 

= 6.556 x [U] [NO;] + 1.295 x [U] + 0.0023 
A359 
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n 

c o n c e n t r a t i o n  based on u rany l  absorbance a t  zero  n i t r a t e  concen t ra t i on .  

The n i t r a t e  c o n c e n t r a t i o n  i s  c a l c u l a t e d  f rom t h e  a d d i t i o n a l  absorbance 

increment  above t h i s  i n i t i a l  u rany l  absorbance. 

/ 

The p r e c i s i o n  and accuracy i n  t h e  s imul taneous a n a l y s i s  o f  

uranium and n i t r a t e  were compared us ing  combinat ions o f  two o f  t h e  f o u r  

maxima. 

0-4 r;l NaN03 were analyzed t o  determine t h e  e f f e c t  o f  a c i d  and t o t a l  

n i t r a t e  on t h e  c a l c u l a t e d  uranium concen t ra t i on .  The r e s u l t s  a r e  

summarized i n  Tab le  2. 

t o  be b e s t  if t h e  a n a l y s i s  was based on e i t h e r  416 and 426 nm o r  426 

Uranium standards (52 g/1 U) c o n t a i n i n g  f rom 2-4 - M HN03 and 

The p r e c i s i o n  i n  c a l c u l a t i n g  uranium was found 

and 403 nm data.  

2% when analyzed i n  t h e  presence o f  2-7 molar  t o t a l  n i t r a t e .  

accuracy i n  t h e  a n a l y s i s  i s  op t ima l  when t h e  c a l c u l a t i o n  i s  based on 

t h e  416 and 426 nm data;  uranium a n a l y s i s  based on these two wavelengths 

i s  l e a s t  a f f e c t e d  b y  a c i d  concen t ra t i on .  There i s  o n l y  a 0.3 g/1 (0.7%) 

i nc rease  i n  t h e  c a l c u l a t e d  uranium c o n c e n t r a t i o n  f o r  a one molar  i nc rease  

i n  hydrogen i o n  concen t ra t i on .  Because t h e  416 and 426 nm da ta  e x h i b i t  

t h e  g r e a t e s t  s e n s i t i v i t y  f o r  b o t h  uranium and n i t r a t e ,  these wavelengths 

were s e l e c t e d  f o r  use i n  t h e  uranium mon i to r .  

The c a l c u l a t e d  uranium Concent ra t ion  v a r i e s  b y  o n l y  

The 

The accuracy i n  de te rm in ing  n i t r a t e  c o n c e n t r a t i o n  was a l s o  compared 

a t  t h e  va r ious  wavelength maxima. The r e s u l t s  i n  Tab le  3 suggest t h a t  

n i t r a t e  a n a l y s i s  i s  n o t  as accu ra te  o r  p r e c i s e  as t h a t  ob ta ined  f o r  

uranium. 

due t o  t h e  presence o f  n i t r a t e  i s  o n l y  about  10-20% o f  t h a t  due t o  

uranium. 

T h i s  behav io r  i s  t o  be  expected s i n c e  t h e  absorbance change 

The r e s u l t s  seem t o  be l e a s t  accu ra te  f o r  h i g h  n i t r a t e  

. 
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Tab le  2 

C a l c u l a t i o n  o f  Uranium Concent ra t ion  i n  
Vary ing  N i t r a t e  Concen t ra t i on  

Exper imenta l  NO;, 
Added as 

Wave1 engths 

(nm) 

416 & 

426 

416 & 

40 3 

416 & 
359 

426 & 

40 3 

426 & 
359 

2 0-4  

3 0-3 
4 0-3 

2 0-4 

3 0- 3 
4 0-3 

2 0 -4 

3 0-3 
4 0- 3 

2 0-4  
3 0-3 
4 0-3 

2 0-4  

3 0- 3 
4 0-3 

Cal cul a t e d  [ U]* 

( g / l )  

52.5 - + 4% 

52.9 - + 1% 
53.2 - + 1 %  

51.8 - + 9% 
55.1 - + 5% 
5C.O - + 4% 

48.2 + 6% - 

54.6 + 7% - 

57.5 - t 7% 

51.4 - + 1% 

54.0 - + 2% 
54.9 - + 2% 

49.5 - + 4% 

54.0 + 5% 
56.. 3 - + 5% 

- 

* 
52.0 g/1 uranium s tandard  analyzed.  
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Table 3 

Comparison o f  Experimental and Calculated Ni t ra te  Concentration . 
Wave1 engths Ex pe r i menta 1 Cal cul ated 

Total Ni t ra te  Total Ni t ra te  ( n m )  

416 3 2 1.96 (1 ) *  
426 3 2.78 5 0.08 ( 2 )  

3.95 - + 0.16 (3 )  

5.01 - + 0.54 ( 2 )  

4 
5 4.53 - + 0.11 (3 )  

6 

416 & 

40 3 

416 & 

359 

426 & 

40 3 

426 & 

359 

2 1.72 I (1 1 
3 2.99 5 0.08 ( 2 )  

3.18 + 0.24 ( 3 )  4 - 

5 4.19 2 0 . 5 7  (3 )  
6 7.09 2 2.00 ( 2 )  

2 3.56 ( 1 )  
3 2.71 5 0.01 ( 2 )  

5 4.05 2 1.14 (3 )  
6 6.84 2 2.13 ( 2 )  

4 3.37 - + 1.15 (3)  

2 1.88 (1 1 
3 2.85 t 0.02 ( 2 )  
4 3.66 - + 0.17 ( 3 )  
5 4.38 2 0.21 (3)  

6 5.71 - + 0.30 ( 2 )  

2 2.68 (1) 
3 2.74 2 0 . 0 4  ( 2 )  
4 3.53 5 0 . 6 6  (3 )  
5 4.27 2 0 . 5 5  ( 3 )  
6 5.87 2 0 . 7 2  ( 2 )  

. 

The numbers i n  parenthesis represent the number of  
so lu t ions  analyzed. 

* 
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D 

concentration. Again ,  the accuracy of the n i t r a t e  analysis i s  bes t  

i f  based on 416 and 426 nm data.  Calculations w i t h  359 nm data a re  

most i n  e r r o r  s ince there i s  only the s l i g h t e s t  observable elevation 

i n  uranyl absorbance due t o  n i t r a t e  a t  th is  wavelength. 

3.4 Effect of Temperature on the Uranium Spectra 

Typical operating temperatures i n  reprocessing plants range from 

approximately 50-100°C. The accuracy of previous uranium monitors has 

a l so  been influenced by the temperature of the environment i n  which the 

uranium analysis was made. 

whether compensations could be made i n  the simultaneous uranium procedure 

f o r  f luctuat ions in  temperature. An 104.1 g/1 U sample i n  4 HN03 was 

l i n e a r l y  heated from 50-80°C in the sealed sample compartment of the T,,, 

analyzer. 

recorded vs. the resis tance of a thermistor contained i n  the  sample c e l l .  

The absorbance change i s  plotted vs. sample temperature in Figure 11. 

The absorbance increases l i n e a r l y  a t  a r a t e  of 0.00145 absorbance units 

per degree centigrade f o r  both the 416 and 426 nm maxima. 

Dierks ( 4 )  found a comparable temperature e f f e c t  throughout the 0-140 

g/1 U range. 

A temperature study was made t o  determine 

The sample absorbance a t  each of the wavelength maxima was 

Scot t  and 

An absorbance change of 0.00145 ODU a t  b o t h  wavelengths would 

represent an error equivalent t o  0.20 g/1 U .  

a t  416 nm, the corresponding e r r o r  would be 0 . 3  g/1 U per degree 

centigrade.  

wavelength monitor is cal ibrated a t  the temperature a t  which i t  will  

be operating. 

Using a s i n g l e  observation 

The e r r o r  from temperature can be minimized i f  a dual 

Because the temperature e f f e c t  i s  l i n e a r  and consis tent  
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th roughout  t h e  uranium c o n c e n t r a t i o n  range, an au tomat ic  e l e c t r o n i c  

c o r r e c t i o n  can be i n s t i t u t e d  i n  t h e  procedure,  i f  tempera ture  

f l u c t u a t i o n s  a re  g r e a t  enough t o  s i g n i f i c a n t l y  a f f e c t  t h e  accuracy 

of t h e  uranium a n a l y s i s .  

3.5 E r r o r  Ana lys i s  i n  t h e  Simultaneous De te rm ina t ion  o f  Uranium 

and N i t r a t e  

The u n c e r t a i n t y  i n  e s t i m a t i n g  each parameter i n  equa t ion  6 c o n t r i b u t e s  

t o  t h e  t o t a l  e r r o r  i n  c a l c u l a t i n g  uranium and n i t r a t e  concen t ra t i on .  

e r r o r  a n a l y s i s  o f  t h e  procedure was performed t o  determine wh ich  parameters 

most i n f l u e n c e  t h e  accuracy o f  s imul taneous uranium a n a l y s i s .  

An 

I n  t h i s  

i n c l  uded 

y s i s  

a n a l y s i s  t h e  e f f e c t  o f  smal l  temperature f l u c t u a t i o n s  

s i n c e  t h i s  e r r o r  i s  n e g l i g i b l e .  The va r iance  i n  u ran  

( S  
2 ) can be  c a l c u l a t e d  f rom equa t ion  9:  
CUI  

i s  n o t  

um ana 

2 2 + ( a [ u l  2 2 + (a[u) ) 2  s2 
sA416 aA426 ) sA426 ac41 6 '41 6 

41 6 426 

+ (?€.a 2 2 ' + (3CUl ) 2  s2 
aM41 6 "416 aF.1426 M426 

( 9 )  
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The e r ro r  of  each parameter i s  derived from the product of the par t ia l  

der ivat ive of equation 6 w i t h  respect t o  t h a t  parameter, multiplied by 

the variance of  t h a t  parameter. 

the standard deviation of each parameter and was determined experimentally. 

Table 4 l i s t s  the numerical values o f  each parameter with i t s  standard 

deviation. 

intercept  ( N )  proport ional  i ty  constants a re  dependent on the absorbance 

a t  the 416 and 426 nm maxima. 

The variance i s  simply the square o f  

Both the pa r t i a l s  w i t h  respect t o  the slope (M) and the 

Therefore, t o  calculate  the e r ro r  

associated w i t h  these proportionali ty cons t an t s ,  a par t icu lar  uranium 

concentration and i t s  appropriate absorbance values must be assumed. 

A 166.5 g/1 U s t anda rd  i n  4 

typical for fuel reprocessing streams. The absorbance values a re  

A4,6 = 0.829, and A426 = 0.798 for these concentrations; a ~ 0 . 0 0 1  

deviation i n  absorbance readings was assumed. 

HN03 was selected s ince these values a re  

Table 5 l i s t s  the calculated e r ror  for  each parameter. The 

grea tes t  uncertainty i n  determining u r a n i u m  concentration i s  associated 

w i t h  defining the in te rcept  ( N )  and slope (!I) proportionali ty constants 

and the correction factors  ( c )  fo r  b o t h  wavelengths. 

from the absorbance reading becomes s ign i f i can t  i f  the standard 

deviation i s  above - + 0.003 ODU. 

represents the variance i n  uranium analysis a t  166.5 g/1 a n d  i s  equal 

t o  80.8 g /1 . 
or  5.4%. 

The e r ro r  incurred 

The summation o f  a l l  the e r rors  

2 2  The calculated uncertainty in uranium i s  thus 5 9.0  g/1 

The uncertainty in determining n i t r a t e  concentration was s imilar ly  

calculated.  The e r rors  resu l t ing  from each of  the parameters in 

equation 7 a re  a l so  l i s t e d  i n  Table 5.  Using the same 166.5 g/l U 

. 
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TABLE 4 

Standard D e v i a t i o n  i n  416 and 426 nm Constants 

416 nm s l o p e  cons tan t  (M416) = 3.41 x lom4 + 9.4.7 x 

426 nm s lope  cons tan t  (M426) = 4.61 x + 9.63 x 

416 nm i n t e r c e p t  cons tan t  (N4,6) = 3.70 x 

426 nm i n t e r c e p t  cons tan t  (N4i6) = 3.10 x 

416 nm i n t e r c e p t  c o r r e c t i o n  f a c t o r  (Clr16) =-1.47 x 

- 

- 

+ 3.27 x - 

54.39 x 

+4.57 x l oe3  - 

426 nm i n t e r c e p t  c o r r e c t i o n  f a c t o r  (c426) = - 2 2 0  x IO-' + 7.96 x - 
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Table 5 

Cal cul a ted Errors Associated w i t h  the Simul taneous 
Determi nation o f  Urani um and Ni t ra te  

Errors i n  Uranium Analysis Errors i n  .Ni t ra te  Analysis 
~ 

(u)‘ s2 = 0.499 
aA41 6 A41 6 

(m = 0.273 
aA426 sA426 

-4 
(m)2 s2 = 4.73 x 10 
aA426 A426 

(m i2 s2 = 10.4 (m)2 s2 = 4.16 x lo-‘ 
aC41 6 ‘41 6 aC41 6 ‘41 6 

( a  L L  )’ S2 = 17 .3  
aC426 ‘426 

3CN031)2 s2 (a[u1 )‘ S2 = 12.7 ( = 5.99 x 10-2 
aN41 6 N41 6 aN41 6 N41 6 

( )’ S2 = 14.8 
aN426 N426 

-2 (m)’ s2 = 1.15 x 10 
aN426 N426 

. 

(m)‘ s2 = 5.69 
aF1426 M426 

sCNO3, 2 = 0.388 
SZCu, = 80.8 

S = + 8.99 g/1 U ’[NO;] - = + 0.62 - M 
CUI - 8 166.5 g/1 u (3 4M HN03 

= + 5.40% = 15.5% - 
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standard,  t h e  t o t a l  n i t r a t e  var iance i s  0.388 M'. 

due t o  read ing  t h e  absorbance becomes impor tan t  i f  t h e  u n c e r t a i n t y  

i s  g r e a t e r  t han  - + 0.003 ODU. 

c a l c u l a t i o n  i s  - + 0.62 - M o r  15.5% a t  4 fl HN03. 

Again, t h e  e r r o r  

The r e s u l t i n g  s tandard  d e v i a t i o n  i n  n i t r a t e  

4. CONCLUSION 

The p resen t  m o d i f i c a t i o n  o f  t h e  pho tomet r i c  uranium a n a l y s i s  

rep resen ts  an improvement ove r  p rev ious  procedures. F l u c t u a t i o n s  i n  

b o t h  t h e  temperature and compos i t ion  o f  fue l  rep rocess ing  streams 

a f f e c t  t h e  accuracy o f  t h e  s ing le -wave length  mon i to rs .  

c o n c e n t r a t i o n  i s  found t o  be t h e  major  f a c t o r  i n f l u e n c i n g  t h e  accuracy 

N i t r a t e  

of  t h e  uranium a n a l y s i s .  

n i t r a t e  e l i m i n a t e s  t h i s  source o f  e r r o r  b y  e s s e n t i a l l y  bas ing  t h e  

c a l c u l a t i o n  on u rany l  a b s o r p t i o n  e x t r a p o l a t e d  t o  zero  n i t r a t e .  

Such a techn ique p e r m i t s  t h e  a n a l y s i s  o f  20-200 g/1 uranium i n  t h e  

presence o f  2-6 - M n i t r a t e  w i t h  an accuracy of  5%. 

method a l s o  p rov ides  another  process c o n t r o l  parameter by f u r n i s h i n g  

an e s t i m a t i o n  o f  n i t r a t e  c o n c e n t r a t i o n  w i t h  an accuracy o f  15%. The 

s imul taneous procedure i s  a f f e c t e d  sl  i g h t l y  l e s s  by temperature 

f l u c t u a t i o n s  than t h e  s i n g l e  wavelength method. I f  t h e  temperature 

o f  t h e  uranium sample i s  mon i to red  w i t h  t h e  dual wavelength method, 

temperature f l u c t u a t i o n s  can be compensated w i t h  a s imp le  l i n e a r  

c o r r e c t  on func t i on .  The s imul taneous procedure m i g h t  be i n c o r p o r a t e d  

i n t o  ex s t i n g  uranium mon i to rs  t o  a l l o w  accu ra te  a n a l y s i s  under v a r i a b  

process s t ream c o n d i t i o n s .  

The s imul taneous a n a l y s i s  o f  uranium and 

The dual -wavelength 

e 

1 
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