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1,SOTOPIC ANALYSIS OF BORON AS 

~ I M E ~ Y L  BORATE 

by 

R. M. Abernathey 

A B S T R A C T  ' 

. . 

Boron-impregnated polyethylene tape has been i r r ad i a t ed  i n  the  
'' 

Engineering Test Reactbr C r i t i c a l  F a c i l f t y  t o  study the  e f f e c t  of boron 

as a burnable poison i n  reac tor  fue l .  0 .  Isotopic  analysis  of the  boron 

was perforined with a conventional CEC Model 21-103 mass spectrometer. 

The tape was d i s t i l l e d  off  and the  res idua l  boron was converted t o  

t r imethyl  borate.  The react ion mixture was analyzed without separation.  

Good precis ion w a s  obtained with samples containing l e s s  than 0.5 mg. 

boron. Features of .the mass spectrum of t r imethyl  borate a r e  discussed. 
/ 

Other appl icat ions  of the  method a r e  suggested. 
t 

Presented oral ly .  a t . t h e  ASTM Committee E-14 Meeting .on-Mass Spectrometry 
a t  Los ~ n g g l e s ,  May, 1959. 

Work done under Contract ~ ~ ( 1 0 - 1 ) - 2 0 5  t o  the  U. S. Atomic Energy Commission. 



, IDO-14503 
Page 3:. 

TRIMETHYL BORATE , 

TABLE OF CONTENTS -- 
Page - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  IlVTRODUCTION. 7 

. . . . . . . . . . . . .  'EXPERIMENTAL ; . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  CALCULATION ; 8 
, 

. . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  OTHER APPLICATIONS : .:..<:.:;. 8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C O N C L U S I O N .  9 . 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  LITERATURE CITED .11 

LIST OF TABLES -- 
TABLE - Page 

I. Commercial Methyl Borate . . . . . . . . . . . . . . . . . .  P a r t i a l  Spectrumd. 10 

11. ( A )  Reference Spectra . . . . . . . . . . . . . . . . .  Monoisotopic i n  Boron 10 

. . . . . . . . . . . . . . . . . . . . . . . . . .  1 ( )  Calculat ion 10 



IDO-14503 
Page 4 

ISOTOPIC ANALYSIS OF BORON AS 

TRIMETHY L BORATE 

by 

R. M. Abernathey 

INTRODUCTION 

~ o r o n l O  has been extensively studied a s  a "burnable poison" i n  reactor  
fuel .  I n  pursuing t h i s  study, polyethylene tape which had been impregnated 
with amorphous boron was i r rad ia ted  i n  the  Engineering Test Reactor C r i t i c a l  
F a c i l i t y  In  evaluating the  r e su l t s ,  it was necessary t o  .know the quant i t i es  

lo used i n  the  experiment. Total  boron w a s  determined by a colorimetric 
Of boropl) The lsutoplc  compo~ition of the  baron wae t o  be determined by mass me thoci. 
spectrometry. A method was sought by which isotopic  analyses of sub-mi1;ligram 
amounts of boron could be done i n  a length of time su i tab le  f o r  routine use, 
Thermal i n zat ion mass spectrometry was considered f i r s t  and, with avai lable  

?2j  equipment , was found t o  require  mater ia l  of h igher .pur i ty  than was obtain- 
able from the polyethylene and i n  the  small quant i t i es  avai lable ,  Conversion 
t o  boron t r i f l u o r i d e  was considered and was abandoned.because of the  involved 
preparation and pur i f ica t ion  required and because of lack of su f f i c i en t  sample 
f o r  pre-conditioning of the  equipment. Conversion t o  t r imethyl  borate was 
investigated and a 'procedure was developed t h a t  i s  qui te  simple and s a t i s f a c t o r i l y  
precise ,  

EXPERIMENTAL 

Suff ic ient  tape t o  contain about 0,5 milligram of boron w a s  heated i n  a 
small quartz t e s t  tube t o  depolymerize and d i s t i l l  off the  po'lyethylene. The 
res idua l  boron was then oxidized with warm n i t r i c ' a c i d  and dr ied  under vacuum, 
A drop of methanol was added t o  the  bor ic  acid  residue, and the  e n t i r e  reac t ion  
mixture vaporized i n to  t h e  i n l e t  manifold of a CEC' 21-103 mass spectrometer. 
A su i tab le  a l iquot  was taken and the  mass spectrum recofded i n  the  usual  manner 
with one exception. The m/e . l o  and 11 peaks were recorded a t  increased ionizing 
current and with automatic e l e c t r o s t a t i c  scanning, bu t  with manual adjustment of 
the  magnet current between peaks so t h a t  both beams were recorded a t  3400 acceler-  
a t ing  vo l t s .  This was done t o  el iminate voltage discrimination against  the 
heavier mass. With e l e c t r o s t a t i c  scanning, the  higher voltage required t o  focus 
m/e 10 gives s-ignificantly higher ion drawout eff ic iency,  I n  t he  m/e 72-73 
and 103-104 region, the  discrimination between adjacent masses i s  smaller than 
peak measuring e r r o r  and can be neglected. 

Background e r ro r s  were found.to be grea t ly  reduced by a methanol r inse  
between samples of d i f f e r en t  composition. .The high pressure sect ion of the i n l e t  
system was saturated with methanol vapor, allowed t o  stand a few minutes, and the  
methanol pumped out. Then a blank run was made using methanol without bor ic  ac id  
and was recorded t o  be used a s  a background  correction.^ After the  second in t ro-  
duction, the  i n t ens i t y  of the  background peaks became reasonably constant a t  a 
few tenthscof a percent of normal sample in tens i ty ,  

. Preparation of a s ing le  sample from tape required about an hour, Additional 
samples can be prepared a s  a s e r i e s  in '  about 15 minutes per add i t iona l  sample, 



CALCULATION 

Table I i s  a tabula t ion of the  most important peaks i n  the  mass spectrum 
of commercially avai lable  tkimethyl borate ,  It i s  evident t h a t  boron f sotope 
r a t i o s  might be calcula ted from at l e a s t  three  regions of the  spectrum: the  
parent peaks (m/e 103-lob), the  parent - minus - methoxy fragment peaks (m/e 
72-73), and the  boron peaks, The m/e 42743 peaks were not considered because 
of the  greater  complexity of the spectrum i n  t h i s  region. The major peaks 
i n  t h i s  region a r e  umed t o  be due t o  .rearrangement, probably means of a 
cyc l ic  intermediateag7, ra ther  than t o  B O ~ + .  It w i l l  be noted t h a t  the  m/e 26 
and 27 peaks a r e  not i n  the  proper r a t i o  f o r  BO' ions from na tura l  boron, + These may indicate  C2+ rearrangement ions, BOH rearrangement ions, o r  BOH' ions 
fpom impurft ies i n  the  borate.  

Inghram recommends using the  B+ ion f o r  isotope r a t i o  measurement because, 
while it i s  of low in tens i ty ,  the re  i s  usual ly  no instrument backg nd and no 
corrections f o r  carbon, oxygen and hydrogen isotopes a r e  required. fey However, 
i n  the  presence of ex ss methanol, as i n  t h i s  procedure, the  B+ peaks were 
found t o  give a Bll/BPg rafbo t h a t  in8some cases w a s  known t o  be too high. 
I n  samples of known high B enrichment, the  m/e 11 peak w a s  found t o  be too 
high by an amount equal  t o  about 2 9  of the  m/e 10 peak, while t he  heavier ion  
groups gave the  cor rec t  r a t i o .  This e r r o r  appeared t o  be independent of rese rvo i r  
pressure and methanol/methyl borate  r a t i o .  

10  The mass di f ference between Bl1 and B H i s  not g rea t  enough t o  permit 
reso lu t ion  of these possible components of the  m/e 11 beam. However, examination 
of beam widths indicated t h a t  the  m/e 11 beam w a s  s l i g h t l y  wider than the  m/e 10 
beam. It was therefore  assumed t h a t  BH' ions were formed i n  t h i s  system. The 
m/e 10 and 11 peak? werg not used f o r  calcula t ion except i n  the  case of mater ia l  
with a very high B 7 B r a t i o ,  where the  B1$ e r r o r  i s  small and can be corrected 

i s a t i s f a c t o r i l y ,  and where cracking pa t t e rn  uncertainty i n  the  higher masses 
becomes more troublesome, 

Table IH(A) gives port ions of a spectrum of tr imethyl. .borate which is 
monoisotopic-in boron. These can be derived from the  spectra  of two samples 
of d.l.fferent enrfahmbnt. One or boLh of these  reference spectra  were used t o  
'ca lcula te  the  isotope r a t i o s  i n  the  manner i l l u s t r a t e d  i n  Table PI(B), The 
mixture spec-fpm i s  resolved i n to  two componep s ,  one component due t o  the  ions 
containing B , the  other t o  ions containing B1l0 The r a t i o  of the, parent  
(or  base)  peaks i s  then the atom r a t i o  of t h e  boron isotopes,  

. A t  the  na tura l  Bl1/g1O r a t i o  o f  about 4, t he  standard devia t ion by t h i s  
method i s  0,024; at a 1: 1 ra.tio, t h e  s t a n d u d  deviation i s  0.008, It f s believed 
t h a t  t h i s  could be improved by' t he  use of a metastable suppressor and by c loser  . 
cant,~rs.l, of instrument operating cunditions . The metas t ab l e  suppressor should 
improve accuracy by improving resolut ion and removing base l i n e  i r r egu l a r i t y .  
This should a l s o  provide more accurate monisotope pa t t e rn  information, 

OTHER APPLICATIONS -- 
This general  pr.ocedure can be modified t o  handle. severa l  forms of samples. 

Isotopic  analysis  of t he  boron i n  a borax bead thermocouple coating has been 
performed by simply dissolving the  borax i n  .a minimum amount of hot  su l fb r i c  
acid ,  adding methanol, and performing the  analysis  as with the  tape.  
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I n  the case of highly radioactive solutions,  such a s  r e su l t  from 
dissolut ion of spent reactor f u e l  elements, it i s  sometimes possible t o  
ge t  adequate decont,amination and complete boron recovery by ion exchange 
i n  remote apparatus. A good spectrum i s  obtained from a s  l i t t l e  a s  
20 micrograms of boron and the precision i s  s t i l l  good at t h i s  level.  
Because of the  small amount of time required f o r  d i r e c t  handling i n  preparing 
the tr imethyl borate,  and because of the small quanti ty of boron required, 
it i s  possible t o  make isotopic  analyses of reasonably radioactive solutions 
without decontamination, 

CONCLUSION 
. . 

1sotopi.c analysis of boron can be performed with a ,conventional 
ana ly t ica l  mass spectrometer by a simple conversion t o  tr imethyl borate.  
Only a few micrograms of boron a re  required, and boric  acid., borates or 
elemental boron a re  sa t i s fac tory ,  



TABLE I 

r e l a t i v e  

m/e abundance 

Comerical  Methyl Borate 
P a r t i a l  Spectrum 

TABLE I1 ( A )  

Reference Spectra 
. Monoisotopic i n  Boron 

B ( O C H ~  ) 3+ Group 
, 

r e l a t i v e  

?k abundance 

B ( 0 ~ 8 ~  )2+ Group 

*p = Parent, .B = Base 

TABLE XI ( R )  

, 
Calculat ion 

lo B 
11 

m/e mixture  . .  B 

0.035 B1° P.P. + B" Pep. = 1923 

B1° Parent Peak = 474 

B" Parent Peak = 1.96 
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