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Abstract: An experiment was performed for zone refined Re-filament and normal (nonzone refined) Re-filament
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to reduce the background effect on the measurement of low level uranium samples. From both filaments, the
signals which seemed to come from a cluster of light alkali elements, (*K¢)", (*Ks + *'K)" and PbO, were

identified as the isobaric effect of the uranium isotopes. The isobaric effect signal was completely disappeared
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by heating the filament about 2000°C at < 1077 torr of vacuum for more than 1.5 hour in zone refined Re-

filaments, while that from the normal Re-filaments was not disappeared completely and was still remained as

3 pg. of uranium as the impurities after the degassing treatment was performed for more than 5 hours at the

same condition of zone refined filaments. A threshold condition eliminating impurities were proved to be at

5 A and 30 minutes of degassing time. The uranium content as an impurity in rhenium filament was checked

with a filament degassing treatment using the U-233 spike by isotope dilution mass spectrometry. A 0.31 ng

of U was detected in rhenium filament without degassing, while only 3 pg of U was detected with baking

treatment at a current of 5.5 A for 1 hr. Using normal Re-filaments for the ultra trace of uranium sample analysis

had something problem because uranium remains to be 3 pg on the filament even though degassed for long

hours. If the 1 ng uranium were measured, 0.3% error occurred basically. It was also conformed that ionization

filament current was recommended not to be increased over 5.5 A to reduce the background. Finally, the contents

of uranium isotopes in uranium standard materials (KRISS standard material and NIST standard materials, U-

005 and U-030) were measured and compared with certified values. The differences between them showed
0.04% for U-235, 2% for U-234 and 2% for U-236, respectively.

Key words : Uranium isotope, thermal ionization mass spectrometer, background test, rhenium filament
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21. HEEY

g T994E FFE(NIST, U;0q, powder)=
77y 11 2k Zigdo g &A1), ol& A
2% T 1M AMENeR A LA A 1 mg-U/
mL &g WHESoH ofF Fad v Nt

o] AR&-sk3ATt

Ao A& A#EA7]= Finnigan MAT 262
TIMS (Thermal Ionization Mass Spectrometer)©] 2.1,
multi-collector Faraday Cup3} SEM (secondary electron
multiplier detector)e] $lo], 22 L2 ¥ & Zh=
U-234 9} U236 SEMS ARE-staL, Bl z & 59
Y4 B2 2= U-235 9 U-2382 Faraday cupS Al
g3te] BA6 2T F ER 427 Aol
dAA = &4 zelE e BA Y (conversion
factory ZA ) A8k, 71719 A A
A AGTAL mize €3 U= 6719 ¥4, Na-23,
K-39, Sr-88, Nd-142, Re-187, ~28] 3. U-238% o] &3}
o) st 9% M

1912 38 5ol 712080 AH8E §
Sr ARES £5% J0% WE B g o
S 9k g9 F Mol Ak

22. Background &8 % =&=HA
ARt ARHE deZdetlEs g E
o yewl JepER FREO ARG B AY
al

A= Ee=g AASPISIE HE
degassing system)E Al-&-3te] F5 e E &
HAFEE AFERE)S Akl wet o] AASE
HEE SEM HAE71E ©]&3le] U-238 countsE 53}
Yol gith AIZHE 30802 5o HFHE AR
=171 degassing 3 T o] & $-EHF FUA

Z2HZAEF 15 A, LE 55 A)lA m/z=2382

= o 2
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Fig. 1. Result of mass scanning for the blank Re-filaments.
Table 1. Effect of lead dioxide on the measurement of S2bF e AR s oF 33+4 pg AHzolH o]

uranium and plutonium isotopes

Poly' atomic Abur;dance Mass Isotopes  Mass
ions %

204py, 160, 1.4 2359629 26U  236.0456

206pp 160, 240 2379643 U 238.0508

27pp 160, 220 2389657 P°Pu 239.0522

208pp, 16y, 52.1 2399665 2°Pu  240.0538

Filament degassing system< ©|-&3}o] X F Fof A
3.5 AR 7FE3ke] 307 7HES QERIE, 1071E o] &
ste] Uutd $2hy FIANL Vg 2Hshs 270
A S-2HE, m/z=2389] ¥ AA7|(CPS)E 783 AR
o] & 280 CPS ©)A2H, o]= IDMS WHo =

ANE Table 39 YERNRITE o] A%Z & o 35 A

AA 302 RteRE JEHIE BeEo] S83] A7

=
o] 7} degassing
ZRZZ(EF. 1.5 A, LF. 5.5 A)IA m/z=2389] count
FE 248l Lo E ELEAA AEE Y
Fow ol AFNE Tuble 49 BATH 5A & 55 A
ol 4] 30+ degassingS ¢+ A= 40 CPSE & 23
th wEba 5A A 30% bakingS sHH A AL E&
ES A AAEE & & AT A T 5.5 AA
52 5A17HS bakingS A3 FEMIEC A U-2389]
40 CPS7} V&8 15131 oH, ¢ol+= IDMS A7

> flo

Table 2. Result of U-isotope measurement for the rhenium filaments

None baked filament Baked filament
Filament

234/238 235/238 236/238 234/238 235/238 236/238

1 0.03962 0.01739 0.00952 0.00249 0.01199 0.00133

2 0.05036 0.01280 0.02142 0.00416 0.00923 0.00124

3 0.01355 0.01163 0.01776 0.01032 0.01693 0.00058

4 0.01940 0.01716 0.01704 0.00216 0.01021 0.00786

5 0.05954 0.02482 0.02627 0.02142 0.01321 0.00818

6 0.04113 0.06229 0.01810 0.00352 0.01161 0.00738
Ave. 0.03726 0.02435 0.01835 0.00734 0.00977 0.00799
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Table 3. Result of measurement of U-238, CPS for the Re-
filament (3.5 A, 30 min. baked filaments), E.F.: 1.5

A, LF:55 A
Filament U-238(CPS)
1 330
2 270
3 310
4 320
5 290
6 270
7 250
8 260
9 290
10 210
Average 280 £ 36(33 £ 4 pg-U)

Table 4. Change of uranium impurity by degassing filament
current

Filament current, A m/z=2382] (CPS)

3.0 1100
35 270
4.0 130
4.5 70
5.0 40
5.5 40
5.5(5 hrs) 40

Table 5. Uranium content according to ionization filament
current (3.5 A, 30 min. baked) E.F: 1.5 A, L. E.:

55 A
U-238(CPS)
L.F. Current 6.0 A 55A
1 400 250
2 420 270
3 410 250
4 320 260
5 290
6 210
Average. 388 255
o7 AN A% Sehr oF 3 peoll IFEE Foluk
% o] gehlE TAAL o A% by AFL
27 317) Wl B ol 2 4 §eE L AN
om, o] Zte 1 ng-U AEZA oF 3% Fxo] nhgd
W LAE fshs AR ALE AT
dwtHow by FHEL HE SAHS W L F
AFE 55 A= SHANE, As7} FEA B2 A

Vol. 21, No. 6, 2008

Seh gl A e vheg 9T 491
350
u
300
250
w 200
&
& 180 u
5
S 100 =
u
50 L ||
0 -
20 30 40 50 60 70 90

Baking time(min.)

Fig. 2. Counts of U-238 as a function of peak intensity
(counts) by degassing time for the zone refined Re-
filament.

AdlA &= A2 Ak 23y SllA
&> % o] &3l 3.5 AolA] 30%

EE o] &3t S-2taE e
H]'Eo]'w]\' YIS AES 237 1L
S HT 60 AR IS o
1.50) Eﬂ zm] »}E}kkzuﬂ °l& Table 59| Rt} w
2} 7153k & L F. current= 5.5 A o 284 ¥=
Zlo] v 3t YEFE FY F IS ¢ 5 ATk

Filament degassing system2 ©]-&3}x] %3 2|
FRA 7|9 o] 23l Tk HEIIHES
z2H5ke] ¥ <107 torrol A E. F. ¢} L F. A{/E
15 A 9} 55 AR 7, A7k wheh SukE EAps
g U238 7|ES= sto] SEM HE71=2 SA43% A3
E% Fig 20 ®id}.

55 A AF <107 torr A 1.5 A7+ o)A 7Fh s
& AFgAIidS ¢ A3 g FE fREEAE] §l
ojx o ole] AFE Fig 3o AT o= o]23}
215} analyser tube Alolol] = WEE G 7]7| 24|
vk S 219 -2, <0.1 CPSE vt 9%
o] oSS BT 2y dukdeZEES] 74
$ ZF 6clusterZF-E 2= o] 259 nuclide mass
£ Asks] B 233.7822 (38.963708x6)7F =L, $-2}

=

F 2349 nuclide mass 234.0409470| 22 o] &S
IR AFEA7IE ST TRt SAH T
T AE Aol T3 Tuble 19] B ELERE 59
U= FAEE POy ASE EhaH AFAolE
T2 5 Jde B3lse 2 717124 o9 363}
S HjAIgE S o] 7hs & Aolth Fig 1914 &

5ol U235 2 U238 A3 m/z 9]l 427}
Uelde 28 B 4 e vhHel U234, U236 1E]
I ERER 5994 9994 YU E 9352
Ao A AA 7 e ZgA Y= RS &
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Fig 3. Blank test for the Re filament after baking at 5.5 A for 1.5 hr.
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32. HlEig Sats M

AHR3le Yl EUgE SO ule 7o s Solgls
oalgo] B9UA 0] A nAE L2 4%
oz B@/95e SeheS Y FSHATh RMM-
040a, U-233 spike 2.14 ngS I E 8 59¢
2 H)(U-238/U-233)2 =4 8l olefie} 7S A4k
o o]3 ELYA A ATRANIN60 7 A 2
= Table 691 LFERA AT

Mx Wy Ry-Rb X .Ri

CXzCY']\Ty'W'Rb—Rx'zyRi

Fl

_I

Cx NEBEFUSE
Cy :29olaUFxE

Table 6. Result of U content on Re-filaments by IDMS

None baked Baked filament

filament (3.5 A, 30 min.)
U(ng) U(ng)
1 0.15 0.03
2 0.12 0.08
3 0.52 0.07
4 0.55 0.04
5 0.22 0.05

Ave. 0.31+0.21 0.05+0.02

Mx A8 F U HFL9A=F

My :Z&3o]3 5 U JadA

Wy : 23to]=l FH3t FA

Wx AR FH$ A

Ry :23o]la & U-238/U-233

Rb :4& A& F U-238/U-233

Rx :AlE 3 U-238/U-233

xRi : A& & U-2382 X33t 72+ 994 v|9 ¢
TyRi : 2¥fo|3 & U233 £33 7 5994 1)

o9

3+ AIHE Fig 49 JERATE A71A AR S
spikedll = U-238°] U-2339] 1/124 RFF X 3= o] 9]
7] W] o] & BAS) Fojof itk wpetx 2"
19l U233 ¥ =, 32000 CPS F 124%¢] 19 258
CPS7} wlerzh W EZRE Adojzl U238, 700
CPS°l 719 a9l o= 258 CPSE Wl UHA|7} <=4
3 B4R 93 FoR B £ gtk = spike U-233,
2.14 ng®l ¥ =E 32000 CPSo)3 FHHE EL&ER
Eo01E $EEFS 442 CPS |2 & 0.03 ng-Uo| Al
AR o714 dojX S-2hg #F3 CPS #AE &
AgoflA doizl CPSE ek Fo & 7H 4 L3}
Atk dojH $EkF HE Table 691 2.3 2™ baking
< A 942 A EA 031 ngol UL, 5 AclA
304 bakingS 8 & Hat 0.05 ng® 2 bakingS 3
e EYY 237 42 dEERY 68 % 2
Ustth, 2 E = shy-slu M= E (batch process)
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Fig. 4. Mass scan U-233 peak and U-238 peak in IDMS.

Table 7. Results of uranium isotope ratio for the KRISS
uranium standard solution, 0.35 ng

236 237 238 239
Crau)

Table 9. Result of NIST U-005 isotope measurement, 10 ng-U

234/238 235/238 236/238

Meas. Value Ref. Value (Nat. U) (SEM) (Faraday cup) (SEM)
234/238  0.000050 + 0.000016 0.000055 certified value 0.000 0219  0.004 9194  0.000 0468
235/238  0.007234 + 0.000159 0.00725 1 0.000 0222 0.004 9121  0.000 0479
2 0.000 0227  0.004 9201  0.000 0480
Table 8. Results of uranium isotope ratio for the NIST 3 0.000 0220 0.004 9113 0.000 0476
U030, 10 ng Averase 0.000 0223 0.004 9145  0.000 0478
Ref. Value Meas. Value €¢ £0.0000003 +0.000 0049 =+ 0.000 0002

234/238  0.000196 + 0,000001 0.000200 + 0.000007

235/238  0.031429 + 0.000031 0.031442 + 0.000031 sorel el = oo or ~ o -
236/238  0.000210 + 0.000001 0.000216 + 0.000007 dfle] S8l & Hles & 7 AT EF
S ETHTATY ¢HFETES AdTL4ay]
7= 08 F o R U235 0.72% ©|th. Aol A
TEo] A7] w ol A, A7), +& T 540 4 F A%o] AFHY ol & A= A7E B
W3] mA zH7] oE 4 Atk uEhA v ZEE sz2M FEH $EEe EYo] UAS & F 3
o] wt2 A7 2A] YJel= A& & 4 Uth of B Adyae U235 555, 2-20%S FHHF 5=
3 g o Ehgo] EYHATA A

&, 035 ng# 10 ngS ZH7 AFE-3e] 5.5 AdllA
1541 7F baking 3 DA ES] L) ALFRA S 4
3 AFHE Table 99 YERAITE. NIST U-005< U-
235 557 F 05%sEE AFEZ AdEdA
H| 2 7= $2H5(U-235, 0.72%) 2.9°] Jdthd 2
I7F =A UEe AAY 284 e A= B o)
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E5 IIsen, 1s dEdeiES <107 torr
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TEES 3] AAT & AT e ARt HE
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