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THE DISTRIBUTION OF IRON DURING FULL LOADING OF AMBERLITE IRC-72 
RESIN WITH URANIUM FROM NITRATE SOLUTIONS AT 30°C 

J. H. Shaffer 
C. W. Greene 

ABSTRACT 

The integrity of resin-based fuel kernels'used in the 
fabrication of fuel elements for a high-temperature gas- 
cooled reactor will depend, in part, on the concentration 
of iron incorporated in the resin particles during their 
loading with uranium. Consequently, assessment of chemical 
specifications for iron as an impurity in uranyl nitrate 
solution should be based on its distribution during the 
resin loading operation. For this purpose, the behavior 
of iron, as an impurity in uranyl nitrate solutions, was 
investigated under equilibrium conditions at 30°C during 
full loading of Amberlite IRC-72 cation exchange resin 
with uranium. Equilibrium quotients for the exchange 
reaction were derived from calculations based on complex 
coordination of ferric ion with the resin over the nitrate 
ion concentration range of 'L0.5 to 2 N. 

1. INTRODUCTION 

As developed by the Thorium Utilization Program, high-temperature 

gas-cooled reactor (HTGR) fuels can be fabricated using fuel kernels 

derived from spherical cation exchange resins which have been fully 

loaded with fissionable uranium. This fabrication method simplifies 

the recycle of 2 3 3 ~  in that the ion exchange resin can be loaded 

directly from the uranyl nitrate product stream of a fuel reprocessing 

facility. These uranium-bearing particles are dried, subjected to 

successive thermal processes for carbonization and partial conversion 

to uranium carbide, and coated with carbon and silicon carbide during 

fabrication of the microsphere fuel kernels. 

Resin loading with uranyl ion consists of the direct contact of a 

weak-acid cation exchange resin, in hydrogen form, with uranyl nitrate 

solution under conditions of chemical equilibrium and may be accomplished 

by either a batch ur a countereurrent contact processing methnd. 
1 



Adjustment of t h e  u rany l  n i t r a t e  feed  s t ream t o  provide f o r  t h e  p a r t i a l  

removal of n i t r a t e  i o n ,  w i th  r e spec t  t o  u rany l  i on ,  may be necessary  

t o  ach ieve  f u l l  r e s i n  loading .  This  requirement has  been def ined  by a  

sys t ema t i c  s tudy of t h e  exchange r e a c t i o n  under cond i t i ons  of chemical 
* * * 

e q u i l i b r i u m  f o r  bo th  Amberl i te  IRC-72 and Duo l i t e  C-464 r e s i n s .  2  

The s tudy  o f  i r o n  d i s t r i b u t i o n  during r e s i n  loading  wi th  uranium, 

p re sen ted  i n  t h i s  r e p o r t ,  r e p r e s e n t s  a n  ex tens ion  of t h e  i n v e s t i g a t i o n  

on chemical  e q u i l i b r i a  a s s o c i a t e d  wi th  the  r e s i n  loading process .  

The purpose of this s tudy  was t o  d e f i n e  t h e  behavior  of i r o n ,  a s  an  

impur i ty  i n  the  u rany l  n i t r a t e  feed  s t ream, dur ing  f u l l  r e s i n  loading  

w i t h  uranium. The exper imenta l  r e s u l t s  would be a p p l i c a b l e  f o r  es tab-  

l i s h i n g  r e a l i s t i c  i r o n  impur i ty  s p e c i f i c a t i o n s  f o r  t h e  uranyl  n i t r a t e  

f e e d  s o l u t i o n  i n  a n  HTGR f u e l  f a b r i c a t i o n  f a c i l i t y .  The scope of t h e  

exper imenta l  program was l i m i t e d  t o  very  d i l u t e  concen t r a t ions  o f  

f e r r i c  i o n  i n  u r a n y l  n i t r a t e  s o l u t i o n s  and t o  u rany l  i on  concen t r a t ions ,  

r e l a t i v e  t o  n i t r a t e  i o n  concen t r a t ion ,  which would be i n  equi l ibr ium wi th  

r e s i n  t h a t  i s  f u l l y  loaded w i t h  uranium. F e r r i c  i on  concent ra t ions  

used i n  t h i s  s tudy  corresponded t o  i r o n  i m p u r i t i e s  of 25 t o  1000 ppm 

by weight  wi th  r e s p e c t  t o  uranium i n  t h e  u rany l  n i t r a t e  feed  s o l u t i o n  

a t  n i t r a t e  i on  concen t r a t ions  which ranged from W.5  t o  2 - N. - 

2 .  LABORATORY METHOD 

The experimental  procedure developed f o r  t h i s  s tudy  was very  s i m i l a r  

t o  t h a t  used t o  determine equi l ibr ium q u o t i e n t s  f o r  t h e  primary r e a c t i o n  

of u r a n y l  i o n  w i t h  t h e  r e s i n .  A s e r i e s  of f i v e  t e s t s  were conducted i n  

which t h e  n i t r a t e  and uranium concent ra t ions  were he ld  cons tan t  and t h e  

i r o n  concen t r a t ion  was v a r i e d  from 25 t o  $000 ppm by weight wi th  r e s p e c t  

t o  uranium. Each t e s t  cons i s t ed  of a  smal l  ba t ch  loading of 15  m l  of 

Amberl i te  IRC-72 r e s i n  ( s i z e d  540 t o  623-1-1 diam i n  hydrogen form) by 

adding 100 m l  of a s tandard ized  n i t r i c  ac id  s o l u t i o n  and s u f f i c i e n t  UO 3 
t o  y i e l d  >90% load ing  of  t h e  r e s i n  wi th  u rany l  i on  under equi l ibr ium 

c o n d i t i o n s  a t  30°C. I r o n ( I I 1 )  n i t r a t e  was prepared a s  s tandard  s o l u t i o n s  

**A trademark of t h e  Rohm and Haas Corporat ion.  
A trademark of t h e  Diamond-Shamrock Company. 



in nitrate acid having the same normality as that of the test series. 

In this manner, the introduction of iron into each test mixture was 

regulated by volumetric addition as a component of the standard nitric 

acid solution. Each test was contained in a 250-ml Erlenmeyer flask 

fitted with a ground glass stopper. Flasks that comprised one test 

series were equilibrated simultaneously by immersion and agitation within 

a constant-temperature water bath of commercial design. The reaction 

period was terminated when the acidity of each test solution showed 

negligible change in pH with time. Tn order to preserve equilibrium 

conditions after conclusion of the reaction period, the flasks were 

removed from the bath one at a time, and the contents were quickly 

poured onto a fritted glass filter which was connected to a vacuum source. 

The volume of filtrate was measured and the solution retained for analysis. 

The resin was washed free of uranyl nitrate solution with distilled 

water and oven dried at llO°C on the filter. The dried resin from each 

test was weighed and retained for analysis. 

Because of the very low iron concentrations planned for this program, 

values for iron were derived fron radiochemical analyses of the 59~e 

which had been added to each test. Approximately 15 mg of 59~e203 

was irradiated in the Oak Ridge Research Reactor to yield W.1 mCi of 

59~e gamma activity. This material together with a tared quantity of 

iron metal wire was dissolved in a known volume of standard 2.0 N 
nitric acid to make up the primary Fe(N0 ) -HNO standard solution. 

3 3  3 
Standard solutions at lower nitric acid concentrations were prepared by 

a successive dilution technique. Although the irradiated fron oxide 

was sparingly soluble in nitric acid, sufficient gamma activity was 

dissolved in or exchanged with the solution to yield a specific activity 
6 

of 'L2.8 x 10 disintegrations per minute per gram of iron. Samples were 

withdrawn ftnm each standard solution for radiochemical calibration 

standards. 

Materials requirements for all test series conducted during this 

program are outlined in Table 1. The iron requirement for each test 

was a relative value of the uranium content. Iron concentrations 

were expressed as parts per million by weight with respect to the weight 

of uranium in each test and were varied Pi-om 25 to 1000 ppm. The 



Table 1 .  Materlal; outl ine for dls tr ibmion of iron durin:: loading of Amberlite IRC-72 

res in  with uranium from nitrate  solutions a t  3 0 ° C  

(ResLn vo l .  15 m l ;  n l t r i c  acid vol, 100 m l ;  calculated resin loading, 90%) 

- -  - 

Nitrate 
ion "O3 Uranium ccntcnt 1.ron requirements :g) for se lected irox concentrations, ppm/U 
(E) (g / test> (g/ rest:@ 1000 300 100 50 25 

I * 
I 



quantity of UO added to each test was determined by considering 3 
equilibrium measurements from the earlier program. 

2 

3. EXPERIMENTAL RESULTS 

The data obtained from this program were derived from the results 

of chemical analyses of filtrate and dried resin samples from each test 

for uranium. Corresponding values for iron in each sample were obtained 

by radiochemical analyses. The nitrate ion concentration of each test 

solution was also confirmed by chemical analyses. These data are 

summarized in the appendix of this report. 

Using gamma energy intensity as a measure of iron required an 

additional test, without added iron, for each series in order to examine 

radiation background levels. Uranium daughter products that were present 

in the UO were also exchanged onto the resin and had gamma activities 3 
which significantly enhanced the gamma intensity attributed to 59~e 

activity. Consequently, both liquid and resin samples from these blank 

runs were used to determine background corrections for the radiochemical 

method. The magnitude of these background corrections together with the 

very low iron concentrations in the test solutions made it necessary to 

reject data obtained at a nitrate ion concentration of 0.2 N. 

4. DISCUSSION 

The experimental program was designed to examine the distribution of 

iron, as an impurity in uranyl nitrate solution, under conditions of 

essentially full resin loading with uranium. This relation may be 

described as the simple metathesis 

where R denotes the anionic exchange group of the resin. The equilibrium 

quotient, K for this reaction may be expressed as Q ' 



where concen t r a t ions  a r e  expressed as moles pe r  u n i t  volume f o r  bo th  t h e  

aqueous and r e s i n  phases.  A s  def ined  f o r  t h i s  s tudy ,  t h e  r e s i n  volume was 

i t s  s o l i d  volume and was c a l c u l a t e d  t o  be s ix - t en ths  of i t s  measured bulk 

volume i n  hydrogen form. For a p p l i c a t i o n  t o  t h e  engineering process ,  

Eq. (2)  was expressed a s  

where [Fe/U] denotes  t h e  concen t r a t ion  of i r o n  wi th  r e s p e c t  t o  uranium i n  

t h e  des igna ted  phase. This  r e l a t i v e  concen t r a t ion  term may a l s o  have 

u n i t s  of p a r t s  pe r  m i l l i o n  by weight of i r o n  pe r  u n i t  weight of uranium 

wi thou t  a l t e r i n g  t h e  v a l u e  f o r  K The uranium d i s t r i b u t i o n  c o e f f i c i e n t ,  
Q 

DU, was def ined  as i t s  concen t r a t ion  r a t i o  ( res in /aqueous) .  Since each 

test s e r i e s  was conducted a t  cons tan t  D v a l u e s  and cons t an t  nitrate ion u 
concen t r a t ions ,  Eq. (3)  expresses  t h e  concen t r a t ion  of i r o n  i n  t h e  r e s i n  

phase as a func t ion  of i t s  concen t r a t ion  i n  t h e  aqueous phase. However, 

a  t y p i c a l  i l l u s t r a t i o n  of t h e  da t a  p l o t t e d  according t o  Eq. (3 )  i n  F ig .  1 

. shows a non l inea r  r e l a t i o n  between t h e s e  system v a r i a b l e s .  This  non- 

l i n e a r  r e l a t i o n s h i p  w a s  a l s o  ev ident  from c a l c u l a t e d  va lues  of K f o r  Q 
a l l  test s e r i e s .  I n  each c a s e ,  t h e  va lue  f o r  t h e  i r o n  sepa ra t ion  f a c t o r ,  

[Fe/UIR/[Fe/Ulaq, was l a r g e r  than u n i t y  and increased  wi th  inc reas ing  i r o n  

concen t r a t ions  i n  t h e  aqueous phase. Thus, w i th in  t h e  v a l i d i t y  of t h e  

exper imenta l  d a t a ,  t h e  behavior  of i r o n  i n  t h e  exchange system i s  

appa ren t ly  more complex than  t h a t  implied by Eq. (1). 

Because of t h e  l i m i t e d  scope of t h e  experimental  program, t h e  t r u e  

behavior  of  i r o n  i n  t h e  exchange system could n o t  be adequately descr ibed .  

However, reasonable  c o r r e l a t i o n  of t h e  d a t a  was obta ined  by cons ider ing  

t h e  coo rd ina t ion  of  i r o n  by t h e  r e s i n  a s  
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where M denotes the degree polymerization of Fe(II1) in the resin phase. 

This complex behavior could also be assigned, mathematically, as a 

function of hydrolysis in the aqueous phase. Under the experimental 

conditions of the various test series, this argument would contradict 

that of current hydrolysis theory. In addition, infrared spectral 

analyses of loaded cation exchange resins have indicated complex bonding 

between uranyl ion and other cations and the carboxyl exchange groups of 

the resin.4 Comparable results obtained froma similar study of the 

thorium distribution during resin loading with uranium from nitrate 

solution relfed on an empirical expression of the actfvity coefficient 
5 ratio of thorium for correlation of the experimental data. However, 

this correlation was not satisfactory for explaining Fe('II1) behavior in 

this study. 

The equilibrium constant for the reaction noted ,as Eq, (4) may be 

expressed as 

where the subscript, R, denotes the resin phase. Concentration terms 

were calculated as molar quantities. Since the uranium distribution 

coefficient, DU, was maintained at a constant value for each test series, 

Eq. (5) could be evaluated as a,linear .expression from its logarithmic 

f o m ,  

3+ In [ (Fe)M] = M in [Fe ] + M ln (KDU 3 / 2 ) .  1 

Values for M were determined by successive linear regression analysis 

until the best fit of the data was obtained. Corresponding values for K 

were calculated from the intercept value, I, by the expression 



The results of these analyses are summarized in Table 2 and are 
included in the appendix. 

The apparent dependence of the coordination factor, M, on the nitrate 

ion concentration is graphically illustrated in Fig. 2. Within the range 

and accuracy of the experimental data, these values increased as a 

continuous function from unity to an apparent constant value of U.5 as 

the nitrate ion concentration was increased. The effect of nitrate ion 

on the calculated values for K is shown in Fig. 3. Experimental values 

for DU, which approximated those for full resin loading with uranium, 

are plotted versus nitrate ion concentration in Fig. 4. 

Table 2. Summary of constants from linear regression analysis' 
of exper'imental data according to: 

3+ 
In [ (Fe)M]R = I + M ln[Fe 1 
I = M In (K) + 312 M In (DU) 

1~0~- I a 
Run No. "u I M K~ 

a Equilibrium distribution coefficient for uranium at full resin loading 
( [ U O ~ R ~ I  1 [uo22+1 

b~alculated using average value for I. 

C Analytical values for iron in solution were too low for it to be 
significant. Values for M and K were calculated by extrapolation. 



NITRATE CONCENTRATION ( normality 

Fig. 2 .  Effect of nitrate concentration on the coordination of 
iron witG Amberlite IRC-72 resin during full resin loading with 
uranium from nitrate solution at 30°C. 



Fig. 3. Effect of nitrate concentration on the equilibrium 
distribution of ferric and uranyl ions between Amberlite IRC-72 
resin and nitrate solution at full resin loading with uranium at 
30°C. 





The metathetical reaction of Fe(II1) with resin loaded with uranyl 

ion may be related to the individual cation exchange reaction with the 

hydrogen form of the resin by 

and 

through their respective equilibrium quotients. Thus, the equilibrium 

quotient, S e ,  for Eq. (8) may be calculated from values for the equili- 

brium quotient, %, for Eq. (9) and values for K from Eq. (5) generated 
from this investigation by the relation 

Values for Se obtained from Eq. (10) together with those obtained for 
% in a related investigation (ref. 2) are shown graphically in Fig. 5. 

5. CONCLUSIONS AND RECOMMENDATIONS 

. .., 

The apparent complexity of the exchange of ferric ion with ~mberiite 

IRC-72 cation exchange resin from nitrate solution has required interpreta- 

tion of the data beyond the scope of the experimental program. However, 

these interpretations have provided consistent correlations over nitrate 

ion concentrations of W.5 to 2 - N and may provide the basis for a more 

fundamental investigative program. Increased iron concentrations would 

permit the use of alternate or comparative analytical methods and should 

improve both the accuracy and precision of the data. Direct examination 

of 'the resin particles may'also elucidate complex bonding properties of 

the exchange resins. 
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Reasonable estimation of iron behavior during resin loading opera- 

tions associated with an HTGR fuel fabrication facility may be obtained 

from the results presented in Table 2. However, the assessment of 

chemical specifications for iron in the uranyl nitrate feed solution 

to this plant may also be influenced by the operating conditions of 

the resin loading process employed. The preferential concentration of 

iron, relative to uranium, in the resin phase indicates that under 

certain process conditions (i.e., countercurrent flow) the distribution 

o f  iron throughout the resin batch may not be uniform. In all cases 

the separation factors for iron, [Fe/UlR/[Fe/UIaq, had values greater 

than unity. Consecjuently, a study of the redistribution of iron on resin 

contained in a countercurrent flow system may be necessary to establish 

minimum aqueous feed recycle rates which would yield a resin product 

having iron concentrations within specified limits. This study may 

also show that a small scavenger bed of resin, fully loaded with uranium, 

may suffice for reducing iron impurity from the uranyl nitrate feed 

stream prior to its introduction into the production unit. 

6. ACKNOWLEDGMENTS 

The analytical support of W. R. Laing, J. F. Emery, and 

K. J. North~~itt, Analytical Chemistry Division, is gratefully acknowledged. 

Technical review comments and recommendations were provided by 

C. F. Baes, Jr., Chemistry Division, and by P. A. Haas and K. H. Lin, 

Chemical Technology Division. Thelma Patton organized and prepared the 

manuscript for publication. Administrative support of this program 

was provided by K. J. Notz and A. P. Malinauskas. 

7. REFERENCES 

1. P. A. Haas, Resin-Based Preparation of HTGR Fuels: Operation of an 

Engineering-Scale Uranium Loading System, ORNL-5300 (October 1977). 

2. J. H. Shaffer and C. W. Greene, The Reaction of Uranyl Nitrate 

Solutions with Carboxylic Acid Cation Exchange Resins at 30, 40, 

and 50°C,  ORNL/TM-6G11 (in preparation). 



3. C .  F. Baes, Jr. and R.  E .  Mesmer, The Hydrolysis of Cations,  Wiley, 

New York, 1976. 

4. E. A .  Chuveleva, N .  K. Yufryakova, P.  P. Nazarov, and K.'V. Chmutov, 

Zh. F i z .  Khim. - 44(8) ,  1990-6, 1970. 

5. J .  H. Shaffer  and C.  W. Greene, The D i s t r i b u t i o n  of Thorium During 

F u l l  Loading of Carboxylic Acid Cation Exchange Resins wi th  Uranium 

From N i t r a t e  So lu t ions  a t  30 and 40°C, 0R~'L/~M-6613 ( i n  p repa ra t ion ) .  



APPENDIX : 

SUMMARY OF EXPERIMENTAL DATA 



T H I S  PAGE 

W A S  INTENTIONALLY 

LEFT BLANK 



EXF"ERIf4EN'T NO + 157 
RUN NO, 1 

IRON D1S'TRI:BU'TI~IN ON AMBER1 ... I T E  I:RC-72 RE:!SIN 
A'T 30 ICIEG C: 

1.)-RES F'E-RES Fi' b17' I.! - I... T (2 F E-I.. I: Q 
WT % W'T' X GRAE/IS' MG/MI ... M (3 / M I... 

3: O N 1: C CND3.-II TU02++7 CFE397 F:'E/IJ 
EiTRENGTH MOL-RR HOI._AR MOL..AR PF'M/IJ 

0 + 9 5 6  0 + 5 6 8  0 , 3 3 6  6 + 84E.-.06 4 + 78 
0 , 9 3 7  0 + 55h 0 0 329 1 0 3 7 E - 0 5  9 74 
0 e 9 5 3  0 , 5 6 8  0 , 3 3 4  2 9 74E:.-05 19 25 

. 0 . 9 6 1  0 , 57 1. 0 ;3JR 4 + ' 8 E - 0 5  33 0 2 1  
0 , 924 0 0 5 3 2  0 , 329 i 0 SOEi-04 107 , 4 7  

BUL..K R E S I N  CAPACZ'TY CE.:Q/L-ITER) 3 + 2 . 
BIJI-I( RE8TN Val-UME(L-I'TERIj').- 0,015 

INDEX (R-2 )  EXFL. 'JAR UNEXPL.. VAR S'TD ERROR 

F'ARRMETE'R V A L ~ J E  95 F:'(::T CONFIDENCE I..:~MITS 



EXPERIMENT NU, 15:i7 
RUN NO* 3 

IRON I:! IS.1'11'3: HI.J'I'..UCIM ON AMEERL-I'I'E IRC-72 RESIN  
AT 30 rlEe (:: 

IJ-RES 
F'F RE . - S N h1.r IJ-L I f.2 F E - I... :I Q 

WT % W'T X GRAMS MG/MI- MG/ML 

IONIC [: N03- 3 C U 0 2 t t 3  CFE3t3  FE/I.J 
STRENG'TH ' MCjbAlr' , 'HOLAR MOLAR PPM/U 

1,482 0 877 0 , 5 2 1  , 3 ZOE-05 1 4  e 4 0  
1.511 0 4 085 0 , 534 i 34E:-04 59 4-03 
1,466 0 1879 0,513 34 07E-04 140.46 
1,502 0,897 0 * 525 7 22E-04 322 b 73 

HULK RESIN C:APACI'TY (E::G)/L.:CTE:R 3 e 2 
BLJL.I( RESIN VOL-LIME (1-ITERS! := O , 01.5 

Efl(.M7'Xc)N : 'f z:: + E I X  . . 

I ElIlEX C R " ' 2  ) I:>(I='L VAR IJNEXF'I- UAR STD ERROR 
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EXI"ERZMENT NO , 1157 
l?I.JP.! NO. 4 

I:F\'C)N XS:I:S'I'RPBUTION (:IN AMBER1 ... I T E  IRC-72 REISIN 
A T  3 0  nr:a c 

U-RES FE-RES R W'I' 1J-I, I Q' FE-I ... I Q 
WT % W'I' X GRAMS MI3/MI ... M G / M I._ 

IONIC  C N03.- 1 I ~ U 0 2 t t I  CFIEJtJ FE/IJ 
EiTRENti'l'H MOLAR MOl...AR MOI ... AR PPM/CJ 

2 c 5 4 I  11 * 434  0 ,912 7 + 5 7 E - 0 5  1.9+48 
245314 1 ,458  0 + 9 0 3  1. * 03E-04  2 6  69 
29405  1,363 0 + 8 6 1  1 , 6 8 E - 0 4  4 5  + 6 7  
2,420 1,356 ' 0 ,  El70 4 , l l .E-04 1 1 0 9 8 8  
2 .443 1 ,347  0 ,882 1,17E-03 3 1 0 a h 3  

W:IUI ... K RES1:N CAPAC:T'T'Y ( EIQ/I ... ITER ) 3 + 2 
BULK RI:SIN V(II.-IJMEC1..I'I'EI.^S!::z 0.015 

I N I : X ( I ' ' ) IZ XI' 1,. 'J  h R [JNEXPI ... VAR STD ERROR 



1;XPERIMEN'I' N(3 t 1 5 7  
l3I.JN PIC)+  5 

IWCIN DIS'r'RIBUI'1C)N 0111 AMBERL-I'TE IRC-72 RESIN 
RT 30 DECi C 

1.J-RE:$ Fl!-l?l=!3 R lr3T U-I... I C J  FE-I.. I R  
WT X W'r' X GRAMS MG/MI ... MG/ML. 

IONIC C'NCl3-.:'I E:tJ02tt3 I:FI,J+:I FE/lJ 
S'TRENG'TH MU1 ... AI? M 0 1.- A R M01..Ali PPM/IJ 

3 0 039 1,742 I. 0 084  P624E-05 2 0 0 0 0  
3 0 04H 1 ,758  3 . 4  0 8 4  20 3j.E-04 5 0 + 0 0  
3 o 0 6 5  I. 0 790 j. + 084  460j.E-04 8 6 0 8 2  
3,043 I. 0742 10084  7.86E-04 1 7 0 , l h  
3 , 024 1 + h 9 4  1,084 1 0 93E-03 41.8060 

l3ULK RESIN CAPACITY(EQ/LTTER) 3 0 2  
EI.JI-K RIKSIN IJOL..I.JME (L ITERS =: 0 0 0 1 5  

CU02K27 CFEH33 L:FE/1.JIR DIl !)  D (FE)  
MOL-ES/L MOLES/L PPM/U RES/LIQ R/L../U 

2 ' 5 1 3  5 + 44E-04 4 8  0 8 7  2,410 2 0 4 4 4  
2 ,572 1063E-03 1 4 8 6 6 7  2 0 3 7 3  2 + 9 7 3  
20600  ;3,2?E-0;3 2 9 7  t 28 2 * 3 9 8  3 424  
2e695  1 * 3 4 E - 0 2  1 1 6 2 r 6 0  2 t 4 8 6  h + 8 3 3  
2 0 6 0 :I. 409HE-02 4491027  2 0 4 0 0  10,729 

C(FE)MR3:Iu(1, /M~::~K~C:FE3tJtC:Tl(1.J)  Jm(3/Lz) 
M ::: 1 .5213 
RUG D(l.J?- 2041345  

INDEX ( R n 2 )  EXPL VRR LINEXPL. VAR STI:I ERR(1R 

PARAMETER VAl,lJE: 9 5  PC:T CONFIIjlENCE LIMI' I 'S 
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