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Isotope—~diluticn mass-spectrometric analysis of Boron in

Highly-irradiated U-Al-B alloy fuel-element specimens

Shuzeo TAMURA, Yukio TOIDA, Chushiro YONEZAWA
and Kimiko TAMURA

Division of Chemistry, Tokai Research Establishment, JAERI

(Received May 28, 1982)

Analytical procedures for determining boron contents and boron
isotopig compositions in highly-irradiated U20-A180-B0.05 alloy fuel
specimens were investigated. Sample specimenss(0.3g, 0.1 Ci) were
decomposed in 10 m{ of 1.8M sulfuric acid. The aliquoted solutions
were used to determine boron contents by isotope-dilution mass-spec-—
trometry, to measure isotope ratios of boron, and to evaluate the burnup
by 137¢g method and 23%y/238y isotopic ratio method. Chemical-separa-
tion procedures included separation of Al and U by precipitating with
aqueous ammonia, the anion exchange (batch technique) of boron by
using a boron-specific resin (1RA-943) and methyl borate distillation.
Recoveries of boron in the separation procedures were checked. Decon-
tamination factors for total gamma-rays radicactivities, for 137¢s and
106gy (1C6Rh) were observed in detail. Inhomogeneity of boron content

in pre-irradiated analogous fuel-element specimens was regrettably found.

Keywords: Chemical Separation, Boron, Highly-irradiated, U-A1-B Alloy,
Isotope-dilution Mass-spectrometry, Chemical Recovery

Decontamination Factors.
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~ |- 1 @100:5 o1
% 1 A 100:20:1012
.'.m.; - -y
D‘g L . A J AZ . U :Fe: B
h-'__'_—___\_h
- 507t A——— e [J100:5 :10:005
° A100: 5 :110:01
o
@
= Volume ~ 3 Tmé
E); H.SO, 0.05~0.5M
HCE 0.0 3~0.3M
. — NH.,OH 2.8 M
10 20 50 60 95
Amount of A€ (mg)
Fig.1 Recovery of borate from precipitation with aqueous
ammonia
—Effect of amounts of aluminum and iron —
(Centrifuging and decantaiion)
100T T .
L " 4 " Borate 120 p¢gBY
A / 1| Ae 6 0mg
S - /! N U 12mg
N
= - /’ i H,50, 0.12M
% 501 1l | HCZ 016M
9 | S Volume 30mé )
m i .
( 15M NH.OH 7Tmé )
! I 1
1 2 3
Precipitation (No. of repetitn.)
Fig. 2 Renmvery. of horate from precipitation with aqueous

ammonia

{Repetition of precipitation)



Eluated borate (%)

Fig. 3

JAERI-M 82-070

Batch method

o
g0+ -+ 90
O\—L ® L
=\ ¢ b 8
Resin 2g Resin Z2g )
Borate 200pgB Borate 1mgB E
Volume 200mé Volume 1000mé 8
(10v,v% H.SO, (4v/v% NH,OH) _
| g
=
20—+ T 20 g
@) C o
10 + Ty o) o) -+ 10
— | +\, : : '
3 § 24 48

Adsorption and desorption of borate on a boron—specific
resin (IRA—943)

Time Chours)

Table 2 = Decontamination factors (" D.F.”) for some

nuclides

procedure

in the reported chemical

Nuclide Radioactivity ( Relative, cps)>I< “D,F."”
Before After
separation separation )
17 Cg 740575 <0.02 23.;><105-
1 5b 9325 - < 0.0 2 Z4..%10%
(1#mTe ) { 89.52 - <0.02 R4, X10°
"**Ru _ 36075 <002 21 x10%
('9Rh) { 346302 <0.02 21.x10%
“iCe 443225 <0.02 22,2 %10°
(*“Pr) [ 425496 <0.02 22, x10°
 Total 74,486 <2 23,%10°
gamma-rays { 77590 < 2 23.,%x10*

Measuring time :

for B.G. level samples,

400 secs for radioactive

—0—

samples, 40 k secs
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~Sample

36075 7 solution

Precipitation with

{ + ag. ammonia
Ppt. Soln.
2910
v [ | [on exchange
. Sol'n.
Resin 26.78
|
¥ \ Washing
Resin Soln. (Decantation)
@ 378
@ Not
detected
| v Desorption
. Sol'n,
Resin L02
I Distillation
| ¥
. ‘ Distillate
Residue < 0.02

Fig.6 '°*Ru ('°*Rh) decontamination scheme

(Relative r-—activity at 51L9KeV, cps)
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Table 3 Determination of beron in unirradiated
U—-AZL—~B fuel-plate spec imens

Fuel—plate Isotope dilution Curcumin spectro—
specimens*** (ppmB) photometry (wt#R)
(F3161-01—-B)

<1> 601 e

< 2> 521 0057

<3> 562 0062

(590, 571, 571) *

< 4> 518 KK

<5> KK 0.06 4

< 6> 591 e

* Analyzed by using the whole procedure,

by methyl .borate

sk Not analyzed

distillation.

**% Sampling position shown below

The others obtained

100 —
50 : <1> ,<5>
% =] m-‘(@i‘(' 1251
§ ///4‘ <> <
q, mv ) cﬂf?\/ )
<4> 13 e 12 66 (0.10~0.13g)
<Z2>
Table 4 Observed isotope ratios of boron in unirradiated
U—AfL—B samples
(Ta single-—{filament technique )
YR '"'B Obs, ratios
Sample —
X (1¢) (N of scans)
F3161-01-B 1 0.246440.0008, (n=10)
I 0.2465=00005; (n=10)
F3161-07-B I 0.2462+00004; (n=10)
| 0.,2477+00002, (n=10)
Av.of av, & st. dev. 0.2467+00006s (N =4)




Table 5

Analytical

JAERI-M 82-070

result obtained for

U—-AZL—-B fuel-plate specimens

irradiated

Specimens | B contenti "B ''B Obs. ratio| ***U/**U Obs. ratio| Percent jlale
(I DMS) “burnup
number (ppm) | Av. (CV#) (0™ |Av.(CV%) (n=10) **|(*Cs method)
906-16—
5 497 007474 (018) (1M 8041 C0OM 14,4
4 489 006286 (018 (8) 7835 (0.08) 16,4
3 496 007351 (021 0 7670 (00T 16.4
2 499 008758 (019 M 7955 (0.16) 154
90610~
2 571 01118, 0200 (8) 8308 (0.10) 12,8
1 573 01154, ©16) (10) 8616 (0.10) 10.¢
Blank (pgB)
0.9,
0.095

* Sampling Position See Fig.7
>k ok No,
Observed at Nucl.Chem. Lab., JAERI.

2kook K

Fig.7

of peak pa

irs.

N

-

038 (0.25min)

irradiated fuel —element plate sample

k— 1271

zZ —Z

\

Sampling position of test specimens from

051 (038min)

Bottom




