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ABSTRACT

A rapid and accurate CI-MS method has been developed for

" the isotopic analysis of enriched boron. This method- involves

the formation of volatile methyl borate from boric.acid with

. direct introduction of the methyl borato into the eouroc of a

. quadrupole mass spectrometer. Data acquisition and storage is

computer—contfolleda A subsequent BASIC computer program reads - \

the data from the disc file; computes the averageilB/loB ratio

for up'to 250 separate spectra per anélysis and calculates the .
weight percent boron-10 from the correctediiB/ioB ratio using a
calibration factor based on a National Bureau of Standards boric

acid standard. The reiaiive standard deviation for the analysis

"of replicate samples of enriched boron with a boron-10.content

in the 90-95% range does not exceed 0.005%. Analytical results

on NBS certified enriched boron agreed to within 0.06% absolute.

NOTICE
This report was prepared as an account of wark
spo'nsored by the United States Government. Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their
, sub or their empl , makes ‘
any warranty, express or implied, or assumes any e
liability or responcibility for the & Y. e .
or useful, af any infi i produci ur ’
’

process disclosed, or repres.em: that its use would not
infringe privately owned rights.

\

DISTRIBUTION OF THIS DOCUMENT IS UNLIZIT




INTRODUCTION

Borqn.is used exﬁensively in fhe4nuc1ear power indgstry as
‘a neutron absorbér in nucleaxr contr01 rods. nuclear shielding, |
' neutron detecting devices, and as a burnable poison in nuclear
fuels. 'The'borén-lO isotbpe with a natural abundanée of 19.8 atom
percent prévides ﬁhié property because of a relatively high thermal
neutroﬁ éapture cross section (3840 barns). The isotopic composition
of boron can be a critical factor in the design of nuclear shielding
and control systems and neutron detectors. Therefore, it is essential
.that the boron-10 cpﬁtent in boron used in nuclear facilities be
known with a high degree of accuracy.
A number of analytical methods have been devised for the
isotopic.analYSis of boron. Radioanalyticél techniques:based on
- the nuclear‘tranérormation.of boron nuclei into activated or
metastéble nuclei and the subsequent measurement of the radioactive
decay ﬁroducts have been used freqﬁentiy for the determiﬁation of
~either ﬁoron—iO or boron-1l. Although these fecbniques can be applied’
over é relatively troad boron conéentration range, radioanalytical
methods do not provide the analytical precisioﬁ required for some
v:analysis. Coihcident measurement of complementary particles in a.
“ﬁucléaf trapsformatin have improved the analytical precision.and-
A, énabied the simultaneous determination of boron-10 and boron-1l.
| Due to the 1arge;differénce$'in the thermal neutron capture

" cross sections in the naturally occurring boron isotopes, neutron




EXPERIMENTAL

AReagents

| Bor§n isofope'standards used in this investigation were
'éertified fof totél boron,jBoron-iO, apd boron-11 By the National
Bureau of Standards. 'Reagent'grade chemicals were used for sample

. preparation.

App;ratué
‘The;maSs spectrometer—-computer system used:in this investi-
" gation conSistsfof a Hewlett Packard Model 5982A interfaced to
a HP ﬁodel 2100S computer with 32K of core memory. Ionization of
the methaneAgas was accomplished by irradiation with é 70eV electron
. beam. - The sample inletvassembly waS'construcﬂed from %" stainless
steel tubiné and contained a precision needlé valve to control the

sample gas flow from the quartz reaction tube. A.photograph of

the sample'inlet‘assembly is shown in Figure 1.

Géneral Procedure ‘ .

'Approximateiy 1OQ.mg of boron powdér was piaced'in a quartsz
test tube.and‘allowed to react with HNO3 with heating. If the sample
" coﬁtained'refractory materials, such as boron(carbide; the boron ﬁas

fused.lwithANa'.ZCO3 according to a procedure described by Lerner ( ).

The Na,CO.,, melt was dissolved in distilled water and acidified with -

273

HNO3' The acidified sample solution was evaporated to'dryness.

. Approximately 10-25 mg of the'boric acid sample was transferred to .

a quartz reaction tube containing methanol, The methyl borate gas
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aBsorption and‘transmission techniques have been applied successfully
td hh§ determination of borbn—iO in Boron. Other methods, such as .-
atomic absorption and emission spectroscopy and nucleai magnetic
resonaﬁce spectroscopy have been ;pplied on a limited basis to the
iéotopic analysis of boroﬂi
| Mass épectroscoby ie the most accurate method for the determi-
natidn of boroﬁ—iO and borbnvli and is génerally the method of choice
when high precision is required. Most boron materials are analyzed
iéotopiéally by thermionic emission mass sPecthSCOPy. The ion
usually.measured is generatéd from a charge material of sodium
tetraborate on a heated filament. The major sources of error héve
been attrituted ﬁrimarily to variations in sample preparation. For
example, a relatively high sodium concentration or the presence of
’extraneous material in the sample can ‘lead to excessive isotope
vfractionatién during ionization from a heated filamenf. 'Howéver,
these prcblems have been overcome by careful sample preparation and
mounting..-'Other mass spectrometric techniques based on electron
ionization of gaseous boron compounds, such as BF3, have been seriously
impaired by memory effeéts‘resulting from sample sorption on the
surfaces of the inlet system and ion séurce in the‘mass spectrometer.
Previous efforts to control these problems have included purging tﬁe
system to remove boron chemically»ﬁrlby extensive baking of the inlet
system befween samples. These procedures are very time-consuming
and wquld be unacceptable for some analysis involving processAcohtrol.

A new chemical ionization mass spectrometric technique has

been -developed and investigated'for the isotopic anélysis of enriched

»
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boron. _Thié method is based on the formation of volatile methyl

‘ borate‘fgomvboric acid and methanol én& the direct introduction
of phe trimethyl ester into a quadrupqlé mass sfectrometer.

" Tonization of~methy1 borate is achieved by reaction with ionized

methane. .




SAMPLE INLET ASSEMBLY




5

formed in the reaction tube was directed into the ion source on the
nass sugatrometer through the sample inlet assembly. The sample gas
" flow Was adJusted by means of the precision needle valve to achieve

) 1OBH (n/e = 104) and

a maximum amplltude for the (CH 0
- (CH O) 11BH (m/e = 105) nass peaks. The boron peaks at masses
104 and 105 and the spectral background at mass 100 were monltored
using a dwell time 100 msec for 2 mlputes{ Under these conditions -
230 individgal measgrementé weré made at eacﬁ mass. The dafa,was
stored in a disc file for subsequent processing.

Data proce551ng was accomplished with a computcr program
written in BASIC. The 11 /1OB ratio was calculated from the mass
- 105 and mass 10@ peéks after correcting for_backgroundr and stored
in the core memory of thé 6ompute;.

For standardization of the mass gpectrometer, a boron isotope
$tandard such as NBS standard reference materiai‘952 was used. The

115/105 1atic was compared with the certified 11B/19B ratio

measured
and»g calibration factor was calculated. The calibration factor was
used to calcﬁlate’a_corrected 113/193 ratio from the’ measured ratio
for each“béfonAsample. The weight'% bofoﬁ—lo was calculated from

11B/iOB ratio. The vales reported in. subsequent

the corrected
tables in this paper correspond to 200 individual measurements for

’ ' each sample and standard.




~ RESULTS AND DISCUSSION

Tbe.formétioﬁ of-g molecular ioﬁ from methyl borate can

.AbeAaéhieQed either by direct eleciron.bombardmeﬁt'(electron‘
ionizaiion)-or by xeacfion of meﬁhyl borate with a reégent gas ion
:(chémical iénization), as shown in Figure 2. Electron bombardment
of a samble molecﬁle with a high energy electron beam can cause
extensive fragmentation of the ionized molecule. However, the
fragmentation pattefn is often very characteristic for the parent
‘ion and can be used advantageously for the classification of the‘
sample molecule and for the elucidatiﬁn of structural information.
Convérsély. chemical jonization results in the formation of a low-
energy molecular ion. Eherefoie, fragmentation of the molecular
ion is Qery minimal. .

For the measurement of the boron isotope ratio in methyl
'borate, the experimental conditions are selected such that a single
ionized'SPecies,predominates in the ion source. This:condition can
Be achieved readily by chepiéaiuionization.

Ionizétion'of methjl borate is dependent upon the relative
‘concentrations of methyl borate and the reagent gas ions; In order
to optimize the concentration of the methyl borate ion ih the source

- unit, the reagent gas-to-sample ratio‘shouid be large in order‘tQA
minimizé electron ionization of the sample molecule.

The optimum signal-to-background ratio for methyl borate

was established by varying the reagent‘gas in the source unit and

»
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monitoring fhe boron-10 and boron—11 mass peaks. The results shown
‘ in Figure 3 indicate that an optimum signal is achieved at a pressure

of about 24 x 10_4

torr. However,'the boron-11/boron-10 ratio was
relativély:constaﬁt,bver the source pressure range.studied. These

- resﬁlfs indicate.that electron ionization of the methyl vorate

A'méleculé in‘the'sburce unit:is negligible. Electrbn-ionization.

would lead to the'formation of the methyl borate ions at n/e of

103 and 104 with a subsequent decrease in the 105/104 ratio.

Examination df'Memory Effeété
Ohe oflthe majér‘problems yhiéh.have confronted analysts
atteﬁéting to utilize electron ionization for the iéotopic anélysis
. of boron has beeﬁ.memory‘effects resulting frbm sample sorption
of the surfaces of'the sample inlet aﬁd ion source. Efforts t§
control, reduce,'qr'coﬁﬁensate for memory effects have met Qith
B very’limited success. BEven then, these anaiysés required very
time consuming and laborious procédures;
With{the chemical ionization technique described, memory
effects in the ion source have been founa to be neglibible. This
was established by altern;tely measuring a highly énriched and a
ﬂatural bofon«sample. LTable T lists the results which'werelobtained
witﬁ the two boric acid samples. It is'onious from the experiﬁental
résults:that'bids effécts resultiné from previous samples are totally
absent sihce the measured ratios for gach sample are nearly idential
and are independent of the isotoPic ratios of previous samples.
Memory effects would be appérént'ffom these results if tﬁe boron-10
content in samples 1 and 2 showed a systematic decrease and increase,

respectively. ’
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AE.::A'NALY'TICAL RESULTS ON AN ,ENR'CHED
 AND A NATURAL BORON SAMPLE

WEIGHT % BORON-10 -

RUN SAMPLE #1 SAMPLE #2

1 ~ 94.097 - |

2 , ©19.997

3 94.123

4 © 20.078

5 94.087

6 | 20.071

AVERAGE 94.103 20.049 i
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'Memory effects‘in‘the sample inlet,system were found toAbe

’ Ve{y Severe. 'Exmensive purging of the inlet tube and valve assembly
w1th methanol and heatlng failed to completely remove residual boric
‘acid and methyl borate from the sample inlet assembly. However,
res1dual boron could be'reduced to negligible levels by disassembl&

~ of the unit and cleaning.

Pracision of the Mass Spectrometric Analysis

Hass spectroscopy is the most accurate method for the 1sotoplc
analy51s of enriched boron.v The National Bureau of Standards
| reported a relative 95% confidence limit of 0.038% on the 11B/1OB
ratio in the SRM 952 boron istope standard. These analyses were
performed by thermionic emission of}sodium tetraborate.

In order to establish the precision of the chemical ionizatien
technique, SRM 952 was enalyzed according to the described procedure
with methane as the reagent gas. The reproducibility of the

113/1OB‘fatio was established on a single sample and on replicate

samples in order to establish the relative magnitudefihe instrument
instability and to determine the effects of repositioning the
sample iniet system in the‘mass spectrometer. The comparative

esults shown in Table II show that the relatlve standard deviation
for 51ngle and replicate analyses are nearly 1dentlca1 and that
potential errorsresultlng from repos1t10ning the sample inlet system
are negligible. |

Tme felative 957 confidence limit for the measurement of
11B/1 B ratio was 0. 043%. Therefore, the chemlcal 1onlzat10n

technlque described.in this paper is comparable to the thermlonic

emission technlque utilized by the Natlonal Bureau of utandards.




' COMPARISON OF ANALYTICAL REsUﬁS S
~ ON SINGLE AND REPLICATE - o '
BORON SAMPLES I

SINGLE SAMPLE o
f WEIGHT % "°B = 94.471 + 0.004% |

' REPLICATE SAMPLES T
 WEIGHT % B = 94.471 + 0.005%
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Analysis of boro# énd boric acid sampléé,

The accuracy of the chemicai jonization method was investi-
éated.and'established by analyéing a number of enriched'boroﬁ'and
bdric acid éémpleé'with a-borqn~10 content in the range from 90 to
95%-, Boric acid'samplésiof accurateiy kndwn<isot0pic composition
were prqparéd by mixing known quantitieé of NBS certified boron.
iéotoPe'standards. The exférimental.results shown in Table IiI‘
are in excellent agreement with the calculated results and do not
differ&by more than 0.06%. Theée experiments were repeated with

”‘enriched boron which had been certified Ffor 10

B content by the
New Brunswick Laboratory’using a mass spectrometer procedure

.similar'tb that used by the NBS (Table IV), The agreement between

the measured and certified values for five boron samples are excellent.

'In no case did the analytical results differ by moré than .0.110%. .
These results show that chemical ionization mass spectroécopy can
. be applied to the rapid and accurate defermination of the isotopic

composition of enriched boron.
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COM PARATIVE ANALYTICAL R ESU LTS

"ON NBS BORON ISOTOPE

- STANDARDS

WEIGHT % BORON - 10

' STANDARD [CALCULATED MEASURED DIFFERENCE
1 | 93.527 93.471 ' -0.055
2 . 92.607 92.633 | +0.026
3  91.704 91.643 | -0.061
4  90.828 | 90.812 | -0.016
5 “ 1 89.967 89.992 . | +0.025
|

i

iX4 Kansas City
et  Division




COMPARATIVE ANALYTICAL RESULTS
| ON NBL:CERTIFIED ENRICHED
BORON

r WEIGHT % BORON 10

| SAMPLE |CERTIFIED MEASURED :DIFFEREN'CE
A \ 90.135 90.166 | +0.031
B | 90.881  90.839 | -0.042
¢ | 90.811 90.812 | +0.001
: D | 91.081 90971 | 0110
E | 91634 91.592 ‘ 0.042
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SUMNARY'

_ Bofon piays a c?itical role in the design of control
systemé'and neutron'defectors in nuclear facilities. This is due
to.the relatively large the?mél neutron capture.qrossbsection of
ﬁaturélly‘occﬁnﬂng boron-10. Therefore, the boron-10 content in
boron used in nuclear facilities must be knowﬁ with a high degree
of éécuracy;

A number of techniques have been_devised‘for fhe isotopic<A
analysis of bofon.’ Mahy analytical methods based on radioanalytical
or ﬁeutron absorption techniques are inadequate for high precision
isotopic analysis. Masé spectroscopy is the most accurate method
for the isotopic analysis bf boron. However, conventional mass
spectrometrib methods based on thermionic ionization or electroﬁ
ionization of boron compounds are readily affected by variétibns
in chemical preparation, sample composition, and instrument operating
.parameters; |

A chemical ionization mass spectrometric method for the
isotopic analysis of enriched boron has been developed and ihvesti—
géted ihAdetail.'_This.method is based on the formation of volatile
methyl boraig from methanol and boric acid and the direct intro-
duction of the methyl borate into the ion source of a HP quadrupole
mass spectrometer. ITonization of methyl borate is achieved by
reaction with ionizéd methane. This technique is essentially free.

- of interferences due to extraneous material in the boric acid sample
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since péigntially interfering constituenté'areinot generated in |
_theAreaétion tube gnd discharged into the ion source.

| The'precisidn of the CI-NS anélysis is comparable to that
Qf conventional thermionic emission methods. - The relative
4 étandard deviation on replicate samples did not exceed 6.005% at

.Athe‘95% boron-10 level. The analytical results on NBS certified

“f.“boron isofope standards with a boron-10 contenf,in the 90-95%

:rangé agreed to within 0.06% absolute. The analytical results
"on a number of NBL certified enriched boron samples did not differ

" by more than 0.11% absolute.



SUIVIIVIARY

P DEVELOPED A RAPID AND ACCURATE CHEIVII@AL"
’ - L IONIZATION MASS SPECTROIVIETIC IVIETHOD FOR
| " - ' THE ISOTOPIC ANALYSIS OF ENRICHED BORON. | |

11. ESTABLISHED THE OPTIMUM CONDITIONS FOR
THE ANALYSIS OF ENRICHED BORON.

L. DEMONSTRATED THE COMPLETE ABSENCE OF
SAMPLE MEIVIORY-EFFECTS.' | .
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