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Quantitative analysis of B and Li for the evaluation of neutron irradiation

effects on H3zBO3 solution
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Abstract

The concentration of boric acid solution was analyzed by acid-base titration in order
to investigate the neutron irradiation effect on the boric acid solution which is main
chemical additive in primary coolant system, and the inductively coupled plasma AES
was used for confirming the accuracy of titration method. The deviation rate 0.067%%
between two methods shows considerable accuracy, and the relative standard deviation
values, 0.24, 0.25%, were obtained respectively. The interference effect of boron on
analyzing small quantities Li below 0.1 ppm by ICP-AES was evaluated. As the
concentration of boron was increased, the measured Li values were deviated by 15~50%
compared with actual values. The 4510.0ug/m¢ boric acid solution was irradiated under
6.5x10"” n/crf . sec neutron flux for one hour. The generated Li by 10B01r0r1(r1, a)'Li

reaction was 0.16 ppm which was 70.9% of the calculated.
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Wi = Scone. % 0.198 ¥ x8x Tiraa x6.023x107x A,
where ;
Sconc 3 Concentration of Sample(ug/ml)(this study = 2050 ug/mé Boric acid)
0.198; Naturally abundance of Boron
6.023x10%; Avogadros number (atom/mole)
¥ ; Neutron flux (n/em2.sec.)(in case of HANARO= 6.5x10")
8 ; Thermal neutron absorption cross section[barn]
(in case of Boron =3840x10 “cm’]
Tirag. ; Irradiation time(sec.)(this study=3600 sec.)
Ay Li 92 (6.9g/mole)

Total '° Boron:

4510.0 pg/mex0.5 mex0.198(%'" B) = 4465 ug

Nuclear reaction:

4465 pgx10 °g/pgx6.5x10"n/cr + secx3600 sec.x3840x10 “crf
6.023x10%+10.81 g/mole = 2.235x10'® atom

Producted Li content:

2.235%10"%atom+6.023%10"atom/molex6.9 g/mole = 2.256x10"g Li
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Table 1. Instrumental parameter for Lithium analysis

A. Instrument: 5100, Technique:HGA, V ersion:7.1

Wavelength: 670.8 peak

Slit: 0.2 low

Signal Type: Zeeman AA

Signal Measurement: Peak area

Read Time: 5.0

Read Delay: 0.0 , BocTime: 2

Sample Replicates: 1

Standard Replicates: 1

Spike Replicates: Same as sample 1

Argon gas flow rates

B. Graphite Furnace/Temperature program
Step Temp. Ramp Hold | Gas flow Read Gas type
1 110 1 20 250 Norm
2 130 5 30 250 Norm
3 900 10 20 250 Norm
4 2200 0 5 0 Norm
5 2400 1 2 250 Norm

Injection Temp: 20 , Pipette Speed: 100% , Extraction System: on

C. Sequence: Detector

Step Action and Parameters
1 Pipet diluent + modifier 1 + Spike + Samples/ STD
2 Run HGA steps 1 to End




Table 2. The measurement of Boron solution by titration and ICP-AES method.

Y= 0.049 X + 0.0163

Measuements
of number Y= 0.IN NaOH |X=(Y-0.0163)/0.0049 |B=Xx40x10.811/61.83
(mL) (PPM) (PPM)
1 0.640 127.2 889.6
2 0.641 1275 891.7
3 0.639 127.1 888.9
4 0.643 1279 894.5
5 0.642 1277 893.1
6 0.641 1275 891.7
7 0.639 127.0 888.2
8 0.640 127.3 890.3
9 0.642 127.7 893.1
Ave. 0.640+0.001 127.4+0.3 891.2+2.0

Table 3. The measurement of Boron solution by titration method and

ICP-AES method.

Detection method of Boron

N calibrate Titration I.CP AES
0.
solution(ppm) (PPM) (PPM)
1 891.2 890.8
2 897.8 896.0
900
3 893.0 892.5
n=3 894.0+2.8 893.1+2.2




Table 4. Measured Li content with Boron by ICP-AES method

Li Concentration of Boron(PPM)
(PPM) without Boron with 20 ppm with 2000 ppm
0 0.080 0.021 0.062
0.03 0.131 0.104 0.159
0.05 0.173 0.199 0.204
0.07 0.229 0.247 0.252
0.10 0.249 0.377 0.392
Table 5. Characteristics and Available Maximum Neutron Fluxs
Neutron Flux
Irradiation Y=n/cn'.sec. e e
Utilization Specification
Hole
Fast Thermal
(>0.82 MeV)| (<£0.62eV)
F Manualsystem:Auto/Hand control
or
System #1 10 13 . PE Capsule:42cc,0.D28mm,L80mm
2.4x10 3.9x10" production of .
(NAA 1) Air pressure:1.0bar
RI and NAA | .
Simple shutter
SYSIEM F2 g sa0 | 9.4x10%
. . Automatic system:auto PCcontrol
(NAA 2) For NAA only v
- (ENAA DNAA) PECapsule:27CC,0.D25mm, L62mm
System #2 1.3x10" 1.6x10" ' Air Pressure:0.6bar
(NAA 3)

% (data from KAERI/TR-1630/2000 )
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